











5.6 Oceanography and Marine Water Quality

Coastal dissolved-oxygen concentrations vary seasonally and range from 6 to 8 milligrams per
liter (mg/L) near the surface. Surface levels are lowest in the fall when surface temperature is
highest. This reflects the inverse relationship between oxygen saturation and temperature. Under
the stratified conditions during upwelling, dissolved oxygen decreases strongly with depth and
declines to 5 mg/L in as little as 45 m. These low oxygen concentrations are a consequence of
the onshore movement of deeper oxygen-poor water. These deep waters have not been in contact
with the atmosphere and ongoing respiration and decomposition has resulted in undersaturated
oxygen levels along with the enhanced nutrient levels.

The highest alkalinity (pH) levels also occur during spring upwelling when increased
photosynthesis consumes CO, and produces oxygen near the surface. As the ratio of respiration
to photosynthesis increases with depth, there is an increase in CO, and a decline in alkalinity.
Alkalinity can also be affected by discharge of waste into the ocean but tends to have only a
localized effect on open-ocean waters.

Turbidity decreases the clarity of seawater and is largely determined by the concentration of
suspended particulate matter. Turbidity dictates the depth of the photic zone. Within the photic
zone, ambient light intensity exceeds roughly 1 percent of surface illumination, which is the
minimum necessary for phytoplankton growth. Turbidity is increased in coastal waters as a result
of phytoplankton blooms, storm runoff, sediment resuspension, and discharge of wastewater.
Substantial sediment input from onshore occurs in the form of large isolated pulses rather than a
steady discharge of material. Intense storm events occasionally punctuate the prevailing semi-
arid climate and result in mass runoff with profound increases in coastal turbidity. Turbidity near
the seafloor is also caused by wave-induced sediment resuspension. Near the shoreline, this is
apparent as a decrease in transmissivity near the seafloor during periods of high wave activity.
When this coincides with upwelling, turbidity is also higher near the sea surface which creates
the mid-depth maximum in transmissivity commonly observed in vertical profiles.

Trace Metals

Ambient trace metal concentrations in the water column are generally below the detection limit
of standard methods. Because these and other contaminants are difficult or impossible to
measure directly in seawater, resident California mussels (Mytilus californianus) have been used
as sentinel organisms to indirectly monitor water quality. Like most filter feeders, mussels are
capable of concentrating contaminants by factors of 10° to 10° in their tissues. Bivalves
accumulate contaminants directly from seawater and from ingested food. They provide a time-
integrated measure of the abundance of bioavailable contaminants in the water column.

Based on analysis of mussel tissue, trace-metal concentrations in the marine waters of the
southern SMB are somewhat lower than many other regions offshore California. Trace metal
data derived from the State Mussel Watch Program are summarized in Figure 5.6-4. The Figure
shows box plots of the distribution of the 19 to 27 samples collected between 1978 and 1992 at
Stations 437, 438, and 449 (SWRCB, 1988). For comparison, Elevated Data Levels (EDLS) are
also shown. They reflect concentrations below which 85 percent (EDL 85) and 95 percent (EDL
95) of the 400 or so samples collected statewide were distributed.

Median concentrations in the southern SMB were well below the top 15 percent of samples
collected statewide (EDL 85). The concentrations of these ten trace metals were frequently
higher in bivalves and sediments found in other California coastal regions; especially those
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collected in urban areas. In the SMB, the maximum observed concentrations of cadmium, lead,
manganese, silver, and mercury, were at or below the EDL 85. This reflects the south central
coast’s relative remoteness from industry. A few samples from the SMB had maximum
concentrations in aluminum, chromium, copper, nickel, and zinc that exceeded the EDL 85, but
these concentrations were generally not within the top 5 percent of statewide samples (EDL 95).
Also, these elements occur naturally in sediments and are widely distributed in the mineralogy of
the region. Their variability in bivalve tissue probably reflects the degree of sediment
incorporation into the bivalves rather than bioavailability or the influence of anthropogenic
sources.

Tissue samples collected in the NS&T program (BOS, 1991) at the San Luis Obispo Bay site
(SLSL in Figure 5.6-1), were comparable with those of the State Mussel Watch Program. Copper
was an exception with elevated mean concentrations near 11.3 micrograms per gram dry weight
(mg/g) or parts per billion (ppb). In addition, iron, total butyltin, and selenium were analyzed in
NS&T samples but did not exhibit elevated concentrations compared to other west coast sites.

Waterborne Bacteria

Bacteria levels in the southern SMB vary widely and often increase after significant rainfall. This
increase is due to the runoff of contaminants accumulated onshore. The extent to which bacterial
pathogens survive after their introduction into the marine environment is currently the subject of
investigation. Some studies have indicated that bacteria in seawater can remain infectious but
undetectable by standard techniques used for microbiological monitoring (Grimes et al., 1986).
Standard techniques report the most probable number of coliform organisms per 100 milliliters
of water sample (MPN/100mL) and have detection limits near 2 MPN/100mL. The California
Ocean Plan’s bacterial limits for water contact areas are 1000 total coliform organisms per
100mL, 200 MPN/mL for fecal coliform and 35 per 100mL for enterococcus. While coliform
densities in the water column are typically near the detection limit, surfzone samples adjacent to
creeks and rivers often exceed bacterial standards during periods of high runoff (MRS, 2001).
Treated effluent discharged from wastewater point sources in the region is low in bacteria and
has little tangible effect on marine water quality.

Excess nutrients in near-surface waters can lead to blooms of toxin-producing dinoflagellates in
the form of red tides that result in deleterious impacts on water quality. Phytoplankton
productivity is normally limited by the availability of the micronutrient nitrates, phosphates, and
silicates in the upper water column. Upwelling is an important mechanism for adding nutrients to
the euphotic zone. Nutrients are also added to coastal waters by wave-induced resuspension of
organic material contained within seafloor sediments. Onshore runoff and sewage discharge can
also introduce unhealthy amounts of nitrogen, which is usually the most limiting nutrient for
primary production.

Petroleum Hydrocarbons

Petroleum hydrocarbons are an organic contaminant that can be of anthropogenic or natural
origin. The principal sources of petroleum hydrocarbons in the southern SMB include:

e Urban runoff of road material, auto exhaust, lubricating oils, gasoline, diesel fuel, and tire
particles;

e Atmospheric deposition from the combustion of fossil fuels;
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e Vessel leaks, spills, and exhaust;
e Leaching of creosote from wooden pilings;
e Oil and grease contained in municipal sewage effluent; and

e Natural oil seeps.

Despite these diverse sources, hydrocarbon concentrations in tissue samples collected in the
southern SMB were near background levels as compared to the elevated levels in samples
collected within the Southern California Bight (BOS, 1991). Also, oil and grease concentrations
in wastewater discharged by ocean outfalls in the region are consistently small and did not
contribute significantly to overall hydrocarbon levels in the water column (MRS, 1996).

Petroleum hydrocarbons have also been introduced along this section of the central California
coast by major oil spills. A spill of 163 to 1242+ barrels occurred in September 1997 when the
pipeline that carries crude oil from Platform Irene ruptured at a flange (CSB, 2001). Some of the
oil was recovered offshore under relatively calm conditions. Another spill near the study region
was associated with the sinking of the freighter Pac Baroness offshore Point Conception in 1987
(see Figure 5.6-1) (Hyland et al., 1989). An initial oil spill of 20,000 gallons (476 bbls) was
accompanied by a partial release of the copper ore cargo. A similar potential exists for a future
release of up to 3.1 million gallons (74,000 bbls) of crude oil from the oil tanker Montebello
which lies in 900 feet of water after being sunk during World War Il offshore Cambria.

Two other onshore spills that recently impacted near-shore waters along the central coast
occurred at Avila Beach and the Guadalupe Dunes Oil Field just north of the Santa Maria River.
Shallow groundwater at the Guadalupe Field was contaminated with approximately 6 million
gallons of diluent at a number of beach sites. Prior to remediation, diluent was released into the
marine environment on several occasions (ADL, 1998a). Similarly, prior to cleanup, subsurface
onshore hydrocarbon contamination at Avila Beach extended below the beach. There is some
evidence that during periods of high wave erosion, the nearshore hydrocarbon plume daylighted
and contaminated marine waters (ADL, 1998b).

Perhaps the most significant long-term source of hydrocarbons within the marine waters of
SBCh and sediments of the SMB and SBCh is natural oil seeps. The presence of naturally
occurring petroleum products within the study region is suggested by the presence of tar balls
and tar mats commonly observed along the shoreline of the south central California coast. The
prevalence of oil seeps in the region is also suggested by the local place name Pismo Beach.
“Pismo” derives from the Chumash word pismu, which describes the naturally-occurring
asphaltum tar that Native Americans used to caulk plank canoes. MMS has partnered with USGS
and the County of Santa Barbara to determine the location, activity, and destination of oil from
natural seeps in the western Santa Barbara Channel and southern Santa Maria Basin. The
Hydrocarpon Seeps Project at UCSB estimates the seepage at Coal Oil Point to be 100 barrels
per day (County of Santa Barbara 2002). As seep bubbles rise to the ocean surface, substantial
amounts of hydrocarbons dissolve in the water column, forming a subsurface gradient of
dissolved hydrocarbons, principally methane. As the hydrocarbon-rich zone spreads out,
methane concentrations decrease due to dilution and outgassing to the atmosphere. A large part
of the elevated total hydrocarbon concentrations found in deep-water surficial sediments of the
southern SMB derive from seep-related petroleum components. For that reason, elevated
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hydrocarbon concentrations arising from natural seeps need to be included in the determination
of background concentrations for impact evaluations (Steinhauer et al., 1994).

5.6.1.4  Sediment Quality

Chemical analysis of seafloor sediments provides insight into the overall health of the marine
environment because environmental contaminants tend to accumulate in the particulates that are
deposited on the seafloor over long periods. However, for most elements, low levels of
anthropogenic sediment contamination are difficult to detect because natural background
concentrations vary with grain size, carbon content, and mineralogy.

To assess whether sediment contaminant levels are environmentally significant, they can be
compared with sediment guidelines advanced by the National Oceanic and Atmospheric
Administration (NOAA) (Long and Morgan, 1991; Long et al., 1995) and by the Florida Coastal
Management Program (MacDonald, 1993). These guidelines are based on correlations between
chemical concentrations and observed biological effects. Differences in the two sets of
guidelines arise from the databases used and the assumptions applied in the analyses of the
toxicity data. The NOAA guidelines identify Effects Range-Low (ERL) and Effects Range-
Median (ERM) values. ERL guidelines reflect levels below which adverse effects are not
expected to occur. ERM guidelines represent the concentration above which adverse effects are
expected. The State of Florida (MacDonald, 1993) developed sediment guidelines that are
somewhat more conservative than those of NOAA. These guidelines describe a Threshold
Effects Level (TEL) and the Probable Effects Level (PEL). The guidelines are compared with
background concentrations measured in marine sediment samples collected within the southern
SMB in Table 5.6.3.

For all but two contaminants, measured background concentrations were well below the lowest
threshold limit (TEL). Chromium concentrations in deep (CaMP) sediments and within Estero
Bay (MB/C) slightly exceeded the TEL but were well below the ERL. Nickel was even more
elevated and exceeded the ERL. These trace metals were also elevated in mussel tissue within
the study area compared to other tissue samples collected statewide (Figure 5.6-4). As described
above, elevated tissue levels probably reflect the incorporation of sediments into the bivalve’s
gut rather than dissolution in tissue.

The elevated chromium and nickel concentrations within the sediments of the southern SMB are
increasing (MRS, 2001). Onshore erosion around abandoned chromite mines within the San Luis
Obispo County watershed has been identified as the probable source of the increase observed in
regional marine sediments (RWQCB, 1999; MRS, 2000). Although there is no evidence that
current levels are impacting marine organisms, projected increases are causing measured
concentrations to rapidly approach the marine toxicological benchmarks listed in Table 5.6.3. At
current accumulation rates, nickel would be expected to have reached the ERM, where marine
biological impacts were probable by 2004. If chromium concentrations continue to increase at
approximately 2 mg/Kg each year, contaminant levels could begin to affect marine organisms by
the year 2010.
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Table 5.6.3 Comparison of Background Concentrations and Sediment Guidelines (in
milligrams per kilogram dry weight [mg/kg] or parts per million [ppm] unless
otherwise indicated)

Sediment Criteria Background
Constituent TEL® | ERL® | PEL®* | ERM® [ SSLO° | SMRY | MB/C® | CaMP" [SLUOB®
Grain Size (D) 3.03 2.73 2.75 4.0 NA
TOC 2706 ND" NA' NA NA
BOD 178 45 36 NA NA
TKN 51 122 139 NA NA
Ammonia 1.22 2.77 NA NA NA
Oil & Grease NA 2.12 <20 NA NA
Chromium 52 81 160 370 3.08 10.1 57.1 121 130
Cadmium 0.68 1.20 4.21 9.60 0.17 0.25 <0.5 0.56 0.39
Copper 19 34 108 270 0.9 7.2 3.8 16 7.5
Lead 30 47 112 218 15 4.1 2.8 14 4.9
Mercury 0.13 0.15 0.70 0.71 ND ND ND 0.072 0.075
Nickel 16 21 43 52 3.4 3.7 47 42 30
Silver 0.73 1.00 1.77 3.70 0.005 ND <0.25 0.11 0.6
Zinc 124 150 271 410 9.93 22.6 17.3 72 43.6
p,p'-DDE (pph) 2.1 2.2 374.2 27.0 NA NA ND NA 1.0
Total DDT (ppb) 3.9 1.6 51.7 46.1 NA NA ND NA 6.9
Total PCB (ppb) 21.6 22.7 188.8 180.0 NA NA ND NA 5.6
Total PAH (ppb) | 1684 | 4022 | 16771 | 44792 NA NA ND 0.08 NA
2 Threshold Effect Level (TEL) and the Probable Effects Level (PEL) of MacDonald (1993).

Effects Range-Low (ERL) and Effects Range-Median (ERM) of Long et al. (1995).

South San Luis Obispo County (SSLO) wastewater outfall at Oceano (ABC, 1995).

Unocal Santa Maria Refinery (SMR) receiving water monitoring program (KLI, 1996).

Morro Bay/Cayucos (MB/C) sanitary district offshore monitoring program (MRS, 2001).

California Monitoring Program (CaMP) surficial sediment chemistry (Steinhauer et al., 1994).

Sediment data collected in 1988 at the National Status and Trends Benthic Surveillance Site (SLUOB)
within San Luis Obispo Bay (BOS, 1991).

Not Detected (ND).

' Not Available (NA).

Q@ - o a o o

-

However, significant marine biological impacts from increasing chromium and nickel
concentrations are unlikely because the minerals are not readily bioavailable and their threshold
effects levels have a low degree of confidence. The incidence of effects in the toxicological
studies used to establish the threshold levels for chromium was ‘greatly influenced and
exaggerated by data from multiple tests conducted in only two field surveys’ (Long et al., 1995).
Similarly, nickel exhibits a very weak relationship between the incidence of effects and
concentrations in the database used to establish the toxic-effect ranges. Because of these weak
toxicological relationships, specification of nickel and chromium concentrations that induce
adverse reactions in marine biota is highly uncertain. Much of this uncertainty arises from wide
variability in nickel and chromium bioavailability. Nickel and chromium fines adhering to
surface of sediment particles are much more likely to impact organisms that ingest or encounter
the sediments. Conversely, nickel and chromium that are bound into the mineralogy of particles
eroded onshore probably have little adverse effect on marine organisms.

It is not clear why nearshore sediment samples collected in 1995 at the San Luis Obispo County
and SMR sites had low nickel and chromium concentrations (Table 5.6.3). By comparison,
offshore chromium concentrations in samples collected at MB/C, CaMP, and SLUOB
consistently exceeded 57 mg/Kg. This concentration is approximately three and a half times
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higher than average chromium concentrations within the Southern California Bight and was
approximately twice the concentration (29 mg/Kg) that would be considered enriched in the
Bight (Schiff and Gossett, 1998). Nevertheless, measurements listed in Table 5.6.3 indicate that
sediment chromium and nickel concentrations are spatially variable within the SMB decrease to
the south toward the SBCh. Consequently, sediments below Platform Irene probably have lower
concentrations of nickel and chromium because it is remote from the chromite mines near San
Luis Obispo County.

5.6.1.5  Offshore Petroleum Production and Development

Offshore oil development and production activities can also affect the quality of seawater and
marine sediments. The ongoing activities on Platform Irene and along the pipeline corridor are of
particular interest for this environmental assessment.

Marine Oil Spills

The proposed project would extend the ongoing offshore operations of Platform Irene by an
additional 30 years. These expanded operations would increase the risk of an accidental oil spill
to marine waters. Three subsea pipelines currently transit the 10.5 miles (16.8 km) of seafloor
between Platform Irene and the coast. The volumes of crude oil emulsion, produced water, and
gas transferred along these pipelines are likely to increase as a result of the proposed project.
Currently, a spill from the 20-inch diameter crude oil line represents the greatest hazard to the
marine environment. The offshore section of this pipeline can contain more than 18,000 bbls of
oil emulsion at any one time (Table 5.1.18). The two smaller pipelines transport lower volumes
of produced water and gas and present less risk to the marine environment.

A marine spill that occurred along the 20-inch crude-oil transmission line in 1997 attests to the
risk associated with operations on Platform Irene. On September 28, 1997, the seafloor pipeline
ruptured approximately 2.5 miles from shore in a water depth of 120 feet (CSB, 1997). Although
the spill was initially limited by an automatic shutdown triggered by the abrupt pressure release,
an operator on the Platform overrode the shutdown and reinitiated pumping from the platform
into the ruptured pipeline. As a result, approximately 163 to 1242+ barrels of crude oil spilled
into the ocean.! Mild oceanographic conditions facilitated the offshore recovery of some of the
spilled oil but oil eventually washed ashore just south of Point Sal and onto the beaches south of
Point Arguello. The sandy beaches at and south of the Santa Ynez River mouth were the most
heavily oiled.

Generally, marine oil spills do not severely degrade open-ocean water quality except during and
for a few weeks after the spill. Most of the components of crude oil are insoluble in seawater and
because the spill floats on the sea surface, impacts to the water column are limited. Also,
aromatic hydrocarbons, such as benzene and toluene, that are considered to be most toxic to
marine life evaporate quickly as the spill weathers in the marine environment. Other weathering
processes such as spreading, dissolution, dispersion, emulsification, photochemical oxidation,
and microbial degradation decrease the volume of the oil slick and increase the viscosity and
specific gravity of the spilled oil. Thus, mortality of marine organisms arising from the physical
effects of smothering and coating is of greatest concern from weathered oil. However,

! The CDFG official spill volume from the Torch Point Pedernales pipeline was 163 barrels (bbl) (CDFG, 1989). The 1,242 bbl
estimate is from Santa Barbara County and is based on additional factors that were not taken into account with the CDFG
official number. These include drainage from the landward side of the pipeline, oil between pigs 1 and 2, and oil behind pig 2.
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toxicological effects from exposure to aromatic hydrocarbons can be significant if unweathered
oil reaches the shoreline, particularly in areas with rocky shorelines, enclosed embayments,
estuaries, and wetlands. The movement of spilled oil into the SBCh and its islands can be
problematic in this regard.

Produced Water Discharges

Prior to 1991, produced water was discharged from Platform Irene. Currently, however, there is
no marine discharge of produced water although NPDES General Permit CAG 280000 for such
disposal applies to Platform Irene. The existing LOGP treatment facilities are incapable of
removing contaminants to the level specified in the NPDES discharge permit and the 25,000 Bpd
of produced water that is presently piped to the platform, is reinjected downhole into the
reservoir formation. The produced water treatment system at the LOGP currently is being
upgraded and any produced water that is discharged from Platform Irene would be in compliance
with the current NPDES general permit, which specifies allowable concentrations for specified
contaminants. If ocean discharge resumes, the majority of this could be discharged through a 32-
cm (12.75-inch) diameter ocean outfall oriented downward at a depth of 55 m below the
Platform. However, a part of the produced water that would be shipped to Platform Irene may
still be injected into Point Pedernales reservoir wells, as is currently the operation, to enhance
current Point Pedernales production. The new pump system is expected to be capable of
injecting 40,000 bbls/day.

On Pacific OCS platforms that discharge produced water, each platform operator conducts self-
monitoring of these discharges pursuant to the requirements of the EPA’s applicable NPDES
permit. The MMS and EPA may also conduct compliance monitoring of the produced water
discharges from offshore platforms in the Pacific OCS as part of a Memorandum of Agreement
that has been in effect since 1989 (Panzer, 2000). A work plan is agreed upon each year
specifying the number of inspections and sampling. Constituents of concern include free and
dissolved oil and grease, heavy metals, cyanide, organic compounds, added treatment chemicals,
and radioactivity. A study of produced-water discharges from platforms in southern and central
California found that concentrations of most trace metals and cyanide were below detection
limits beyond the initial dilution zone (SCCWRP, 1994). Cadmium was below detection limits in
all samples. Nickel was detected in 50 percent of the samples, the most of any metal, and cyanide
was detected in 25 percent of the samples. Zinc accounted for 60 percent, and nickel accounted
for 30 percent, of the total mass of metals discharged. However, the mass emission of metals was
negligible compared to the discharge from other point sources in the region.

All of the platforms discharging produced water had measurable concentrations of oil and grease,
and 75 percent had measurable concentrations of phenols. Oil and grease and phenols were the
dominant constituents in produced waters. Also, produced water has a lower dissolved-oxygen
concentration than receiving ocean water. Produced water contains trace concentrations of
naturally occurring radium but radioactivity in produced water from California platforms is much
lower than for Gulf of Mexico platforms where excessive levels can make disposal problematic.
Mean total radioactivity in produced water from two California platforms ranged from below the
method detection limit to 154 picoCurries/liter (pCi/L) (Neff, 1997). For comparison, drinking-
water standards in California limit combined gross o and B radioactivity to 65 pCi/L.
Radioactivity levels in coastal ocean waters are generally below 1 pCi/L.
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Initial mixing and dispersion govern the fate of produced water discharged into the marine
environment. Initial mixing occurs immediately after discharge. It is driven by the turbulence
caused by the momentum of the discharge jet and instability of the buoyant effluent plume as it
rises through the water column. Produced water discharged off the California coast is generally
less saline and warmer than ambient seawater. This results in a buoyant discharge plume that
aids in the initial mixing of the effluent. Modeling suggests that initial mixing occurs rapidly and
results in dilutions of 30- to 100-fold within a few tens of meters from the outfall (Neff, 1997).
Slower-paced dispersion further reduces the concentration of contaminants as the oceanic flow
field transports the produced-water plume. However—fFor Platform Irene, the produced water
salinity and-temperature-are-would be close to the ambient values-and but the temperature would
be 160° F. Therefore, the plume would be nearly—neutraly—buoyant at discharge depth-
Consegquenthy—and it would netreceive the additional benefit of buoyancy-induced mixing.

Discharge of Drilling Muds and Cuttings

Muds and cuttings would also be discharged offshore as part of the proposed project under the
NPDES General Permit covering discharges from oil and gas operations in Federal Waters
offshore of the State of California. Materials that do not meet the discharge requirements would
be transported to shore for disposal at a permitted site. There are a wide variety of generic drill
muds available for use offshore California (CSA, 1993). In the course of the drilling process,
operators recycle drill muds until formulations change due to changing down-hole drilling
conditions. Bulk discharges of 1,000 to 2,000 bbls of mud occur several times in the course of
drilling a well, including a last time when the well is completed (EPA, 2000a). Typical bulk
discharge rates for platforms on the California OCS range from 75 to 700 bbls (3,150 to 29,400
gallons) per hour per platform (CSA, 1985). In addition to these large bulk discharges, drill
cuttings along with a small volume of mud that adheres to the cuttings are discharged
continuously throughout drilling.

The most frequent additives to generic water-based drill muds are barite, clay, caustic soda,
lignite, lignosulfonate, cellulose polymer, and soda ash or sodium bicarbonate. For special
applications, other additives include defoamers, emulsifiers, and detergents. At least 50 additives
were found to be practically non-toxic or only slightly toxic to marine organisms based on 96-
hour acute bioassay tests on Mysid shrimp (CSA, 1993). In those tests, the lethal concentration
(LC50) at which 50 percent of the specimens died was greater than 1,000 ppm for slightly toxic
compounds and greater than 10,000 ppm for non-toxic compounds. A drill mud is less toxic as
the concentration where 50 percent mortality (LC50) increases, because less dilution is required
to prevent 50 percent mortality.

Tests for toxicity and free oil in discharged drilling muds are required as part of the NPDES
discharge monitoring program. Toxicity is determined by conducting a 96-hour acute toxicity
bioassay on muds collected after the wells have been drilled to at least 80 percent of their target
depth (Panzer, 2000). Most of the potentially toxic additives are added in these later stages of
drilling. The General Permit (EPA, 2004) specifies a conservative minimum LC50 of 30,000
ppm for a suspended particulate phase test on muds.

Diesel and mineral oils are occasionally added to water-based drill muds to free stuck drill pipe,
although this practice is uncommon along the California OCS. Diesel oil is not approved for
discharge in ocean waters and diesel-contaminated muds must be transported to shore for
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recycling. In contrast, marine discharge of water-based muds with low concentrations of mineral
oil is permitted under the General NPDES Permit (EPA, 2000b) when the mineral oil is used as a
carrier fluid (transporter fluid), lubricity additive, or pill. Mineral oil contains low concentrations
of aromatic hydrocarbons and is much less toxic than diesel fuel. Free oil can be also introduced
into drilling muds by drilling through an oil-bearing formation. If mineral oil or other
hydrocarbons are discharged with drill muds, their concentrations must be less than
approximately 2 percent based on a free-oil static sheen test. Excessive discharge of free oil is
also monitored by examining the ocean surface for evidence of sheens near the discharge point
(cuttings chute).

Analyses of drill muds and cuttings discharged in the southern SMB indicate that the volume of
metal and hydrocarbon contaminants has been small relative to contributions from natural
sources (Steinhauer et al., 1992). Barium, lead, and zinc had higher concentrations in discharged
muds than in ambient marine sediments but total input was comparable to the flux from coastal
rivers that drain into the southern SMB. Also, all three constituents are relatively insoluble in
seawater and remain inert in marine sediments. Barium in the form of barite (BaSO,) and
bentonite clay were the major inorganic constituents of drill muds. They are used as the
viscosifying and weighting agents in drill muds and are relatively benign. The excess lead and
zinc that have been detected in drilling muds arose from the pipe dope used to lubricate the
threads of drill pipe, not drilling mud additives (Steinhauer et al., 1994).

Other drilling muds constituents of concern include cement, mercury, and cadmium. Cement is
used in cementing of well casings, well workovers, and completions. Because of its high
alkalinity, cement can be harmful to the marine ecosystem. Other than mercury and cadmium,
heavy metals are generally not monitored in drilling muds and cuttings (Panzer, 2000). The other
metals present in drill muds include silver, arsenic, copper, nickel and vanadium but are typically
present only at very low concentrations. These metals arise from trace impurities in the barite or
in other minor additives used in the drilling process.

The NPDES General Permit prohibits the discharge of drill muds containing chrome
lignosulfonate due to the potential release of hexavalent chromium, a toxic form of chromium
(MMS, 2001). Lignosulfonate is a thinning agent that controls the viscosity of water-based drill
muds. Chrome-free lignosulfonate and other thinning products that have less potential to produce
marine toxic effects are also available. In the past, lignosulfonate was added to muds in
approximately 70 percent of the wells drilled offshore California and it accounted for
approximately one percent of the total solids discharged (CSA, 1985). Chrome-based thinning
products accounted for approximately 32 percent of the lignosulfonate used. Chrome-based
lignosulfonates are more effective than other thinning products in the high downhole
temperatures experienced when drilling deep wells. Other common lignosulfonates are
complexed with metals such as iron, manganese, and zirconium. The 2004 NPDES General
Permit allows the use of eight generic mud types determined by the EPA to be of low toxicity.

The dispersion of drill muds and cuttings depends on the depth of the discharge (shunt depth),
the prevailing flow field, and the physical characteristics of the drill muds and the receiving
waters (see Appendix D). On Platform Irene, spent drill muds and cuttings would be discharged
150 ft (46 m) below the sea surface. The temperature and density of drill muds generally increase
with increasing drilling depth. Even after dilution with seawater at the shale shaker, the
discharged material would be a few degrees warmer than ambient seawater temperatures.
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Because of the shunt depth, most of the heavier muds aggregates are deposited on the seafloor
directly below and within 500 m of the discharge point. The heavier rock cuttings are not
expected to be transported more than 200 m beyond the discharge point (de Margerie, 1989).
Approximately 80 percent of the particulates are removed by these near-field depositional
processes (CSA, 1985). Lightweight floccules formed from the remaining suspended particulates
would be carried upward toward the sea surface by the buoyant plume of warm water associated
with the discharge. They can be carried over four miles from the platform before being deposited
on the seafloor (Coats, 1994; Pickens, 1992; Appendix D herein).

Other Discharges

Offshore oil and gas development can also result in a variety of other discharges to the marine
environment. In addition to the discharges described above, treated sewage and desalinization
brines are the only discharges from offshore platforms that have a significant enough volume to
potentially impact marine resources (SAIC, 2000). Other discharges, such as deck drainage,
blowout prevention fluid, fire-control system test water, and non-contact cooling water constitute
relatively minor discharge volumes. Table 5.6.4 summarizes current discharges from Platform
Irene and projected discharges under the proposed project. Seawater use is not expected to
increase under the proposed project, but it may approach the upper end of the current range
(12,000 bbls/day) during drilling and well workover. When drilling is not occurring, seawater
use would be at the bottom end of the current range (6,000 bbls/day).

Table 5.6.4 Current and Proposed Discharges from Platform Irene

Discharge Stream Current Volume/Freguency Proposed Volume/Frequency
Sanitary Waste 100-200 bbls/day(max 600bbl/day in 2006)  |100-200 bbls/day (max about 600 bbls/day)
Fire water/cooling 6,860 to 12,000 bbls/day 6,860 to 12,000 bbls/day

Drilling Muds 11,600 bbls (2006 through July) Below permitted limit of 105,000 bbls/year
Drill Cuttings 1,800 bbls (2006 through July) Below permitted limit of 30,000 bbls/yr
Produced Water None Below permitted limit of 153,000 bbls/day

Sanitary and domestic wastes are typically treated with chlorine prior to discharge. Enough
chlorine must be added to kill coliform bacteria but not so much that it affects marine organisms.
Chlorine levels are required to remain between 1 and 10 ppm (Panzer, 2000). Some platforms
discharge desalinization brines, which are generated from the desalinization process used to
produce drinking water. Platform Irene does not discharge the desalinization brine, but rather
sends it ashore with the produced water. Under the proposed project, desalinization brine from
Platform Irene will continue to be sent ashore with the produced water. Although the flow rates
are highly variable, offshore platforms can discharge up to 200,000 Gpd of desalinization brine.
These discharges are more saline than seawater, which would normally make them denser than
receiving waters. However, their generally higher temperature results in a buoyant plume upon
discharge. The ensuing momentum- and buoyancy-induced mixing rapidly dilutes the discharge
to background levels within 100 m of the discharge (MMS, 2001).

5.6.2 Regulatory Setting

Several Federal and State laws pertain to marine water quality. This section describes the
relevance of these statutes to the proposed project.
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5.6.2.1 Federal Regulations

The Clean Water Act

The 1972 Federal Water Pollution Control Act and its amendments in 1977, collectively known
as the Clean Water Act, established national water-quality goals. The Act also created a National
Pollutant Discharge Elimination System (NPDES) of permits that specified minimum standards
for the quality of discharged waters. It required states to establish standards specific to water
bodies and designated the types of pollutants to be regulated, including total suspended solids
and oil. The Act authorized the U.S. Environmental Protection Agency (EPA) to issue the
NPDES permits and Region 9 of the EPA has jurisdiction for permitting discharges associated
with the proposed project.

Under NPDES, all point sources that discharge directly into waterways are required to obtain a
permit regulating their discharge. Each NPDES permit specifies effluent limitations for particular
pollutants, and monitoring and reporting requirements for the proposed discharge. Chapter 27 of
the Clean Water Act deals with Ocean Dumping and Section 1412 describes the following
criteria for evaluating permit applications.

e The need for the proposed dumping;

e The effect of such dumping on human health and welfare, including economic, esthetic, and
recreational values;

e The effect of such dumping on fisheries resources, plankton, fish, shellfish, wildlife, shore
lines and beaches;

e The persistence and permanence of the effects of the dumping;
e The effect of dumping particular volumes and concentrations of such materials;

e Appropriate locations and methods of disposal or recycling, including land-based alternatives
and the probable impact of requiring use of such alternate locations or methods upon
considerations affecting the public interest;

e The effect on alternate uses of oceans, such as scientific study, fishing, and other living
resource exploitation, and non-living resource exploitation;

e The effect of such dumping on marine ecosystems, particularly with respect to

- The transfer, concentration, and dispersion of such material and its by products through
biological, physical, and chemical processes;

- Potential changes in marine ecosystem diversity, productivity, and stability; and
- Species and community population dynamics.

Permit issuance, receipt of monitoring data submitted by permittees, compliance monitoring, and
enforcement are the primary responsibility of States when the discharge occurs within the 3-mile
territorial limit. The MMS and the EPA Region 9 coordinate the Federal government’s
monitoring of offshore oil and gas discharges in Federal Waters of the SMB. MMS’s periodic
presence on the platforms is a vehicle to perform inspections, collect samples, and to provide
transportation for EPA during those occasions when they conduct inspections (Panzer, 2000).
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Pacific OCS platforms are also required to periodically submit Discharge Monitoring Reports
(DMRs) to Region 9 of the EPA. The reporting requirements depend on whether the NPDES
discharge permit issued to the operator was a General Permit or an Individual Permit. The
General Permit was issued in February 1982 and when it lapsed in June 1984, it was
administratively extended until a new General Permit could be developed. In the interim, a series
of Individual Permits were issued that were uniformly more strict and required monitoring of a
greater number of produced water parameters. This two-tiered system of permits rapidly became
unwieldy for EPA because each individual permit had to be reevaluated and reissued every five
years. For this and other reasons, a new General Permit was developed (SAIC, 2000). The new
general permit became effective on December 1, 2004.

The Marine Plastic Pollution Research and Control Act

Originally enacted as the Act to Prevent Pollution from Ships, it prohibited any discharge of oil
from a ship within 12 nautical miles of land, unless it did not exceed 15 ppm or the ship has oil-
water separating equipment. The act was amended in 1987 to prohibit the discharge of plastic,
garbage, and floating dunnage within three nautical miles of land. Beyond three miles, garbage
must be ground to less than one inch but discharge of plastic and floating dunnage is still
restricted. This Act requires manned offshore platforms, drilling rigs, and support vessels
operating under a Federal oil and gas lease to develop waste management plans and to post
placards reflecting discharge limitations and restrictions on plastics and other forms of solid
wastes. These requirements are enforced by the U.S. Coast Guard.

The Oil Pollution Act

The Oil Pollution Act of 1990 established a system of liability and compensation for damages
caused by oil spills in U.S. navigable waters. It also required removal of spilled oil and
established a national system of planning for and responding to oil spill incidents. The Act
included provisions to provide funding for natural resource damage assessments and to establish
an oil pollution research and development program.

The Secretary of Interior is responsible for spill prevention, oil-spill contingency plans, oil-spill
containment and clean-up equipment, financial responsibility certification, and civil penalties for
offshore facilities and associated pipelines in all Federal and State Waters. The U.S. Department
of Transportation (Coast Guard) was designated as the lead agency for offshore oil spill
response, which includes responsibility for coordination of federal responses to marine
emergencies. The U.S. Coast Guard is also responsible for enforcing vessel compliance with the
Act.

56.2.2 State and Local Laws and Policies

Lempert-Keene-Seastrand Oil Spill Prevention and Response Act

Under the Lempert-Keene-Seastrand Oil Spill Prevention and Response Act, the California
Department of Fish and Game became the State lead agency in spill response and created the
Office of Oil Spill Prevention and Response (OSPR). The Act requires that persons causing a
spill begin immediate cleanup, follow approved contingency plans, and fully mitigate impacts to
wildlife. Under an Interagency Agreement with OSPR, the California Coastal Commission
(CCC) operates an oil spill program and maintains an oil spill staff. Before and after a spill, CCC
staff are involved in review and comment to both State (e.g., OSPR) and Federal (e.g., U.S.
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Coast Guard) agencies on contingency plans and regulations related to marine vessels, marine
facilities and marine vessel routing.

California Coastal Act

The California Coastal Act (Division 20 of the Public Resources Code, Section 30000, et seq.)
became law in 1976 as a means of providing a comprehensive framework for the protection and
management of coastal resources. The main goals of the Act are to protect and restore coastal
zone resources; assure balanced and orderly utilization of such resources; maximize public
access to and along the coast; assure priority for coastal-dependent and coastal-related
development; and encourage cooperation between state and local agencies toward achieving the
Act’s objectives.

The Coastal Act, which is administered by the California Coastal Commission, identifies protective
measures for nearshore marine resources that include maintaining good ocean water quality:

Coastal Act section 30230 states:

“Marine resources shall be maintained, enhanced, and where feasible, restored.
Special protection shall be given to areas and species of special biological or
economic significance. Uses of the marine environment shall be carried out in a
manner that will sustain the biological productivity of coastal waters and that will
maintain healthy populations of all species of marine organisms adequate for long-
term commercial, recreational, scientific, and educational purposes.”

Coastal Act section 30231 states:

“The biological productivity and the quality of coastal waters, streams, wetlands,
estuaries, and lakes appropriate to maintain optimum populations of marine
organisms and for the protection of human health shall be maintained and, where
feasible, restored through, among other means, minimizing adverse effects of waste
water discharges and entrainment, controlling runoff, preventing depletion of
ground water supplies and substantial interference with surface water flow,
encouraging waste water reclamation, maintaining natural vegetation buffer areas
that protect riparian habitats, and minimizing alteration of natural streams.”

California Harbors and Navigation Code

Discharges from vessels within territorial waters are regulated by the California Harbors and
Navigation Code. One of its purposes is to prevent vessel discharges from adversely affecting the
marine environment. Section 151 regulates oil discharges and imposes civil penalties and
liability for cleanup costs when oil is intentionally or negligently deposited on the waters of the
State of California.

California Ocean Plan

Since 1973, the California State Water Resources Control Board (SWRCB) and its nine Regional
Water Quality Control Boards (RWQCBs) have been delegated the responsibility for
administering permitted discharge into the coastal marine waters of California. The Porter-
Cologne Water Quality Act provided a comprehensive water quality management system for the
protection of California waters and regulated the discharge of oil into navigable waters by
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Table 5.6.5 California Ocean Plan Water Quality Standards

A. Bacterial Characteristics
1. Water-Contact Standards
Within a zone bounded by the shoreline and a distance of 1,000 feet from the shoreline or the 30-foot depth contour,
whichever is further from the shoreline and in areas outside this zone used for water contact sports, as determined by
the Regional Board, but including all kelp beds, the following bacterial objectives shall be maintained throughout the
water column:
30-day Geometric Mean - the following standards are based on the geometric mean of the five most recent samples
from each site:
Total coliform density shall not exceed 1,000 per 100ml;
Fecal coliform density shall not exceed 200 per 100 ml; and
Enterococcus density shall not exceed 35 per 100 ml.
Single Sample Maximum:
Total coliform density shall not exceed 10,000 per 100 ml;
Fecal coliform density shall not exceed 400 per 100 ml;
Enterococcus density shall not exceed 104 per 100 ml; and
Total coliform density shall not exceed 1000 per 100 ml when the fecal coliform/total coliform ratio exceeds 0.1
The “Initial Dilution Zone” of wastewater outfalls shall be excluded from designation as “kelp beds” for purposes of
bacterial standards and Regional Boards should recommend extension of such exclusion zone where warranted to the
State Board (for consideration under Chapter I11.H.). Adventitious assemblages of kelp plants on waste discharge
structures (e.g., outfall pipes and diffusers) do not constitute kelp beds for purposed of bacterial standards.
2. Shellfish Harvesting Standards
At all areas where shellfish may be harvested for human consumption, as determined by the Regional Board, the
following bacterial objectives shall be maintained throughout the water column:
The median total coliform density shall not exceed 70 per 100 ml and not more than 10 percent of the samples shall
exceed 230 per 100 ml.
B. Bacterial Assessment and Remedial Action Requirements
Describes guidelines for monitoring enterococcus bacteria. (See Plan for full description).
C. Physical Characteristics
1. Floating particulates and grease and oil shall not be visible.
2. The discharge of the waste shall not cause aesthetically undesirable discoloration of the ocean surface.
3. Natural light shall not be significantly reduced at any point outside the initial dilution zone as a result of the discharge
of waste.
4. The rate of deposition of inert solids and the characteristics of inert solids in ocean sediments shall not be changed such
that benthic communities are degraded.
D. Chemical Characteristics
1. The dissolved oxygen concentration shall not at any time be depressed more than 10 percent from which occurs
naturally, as a result of the discharge of oxygen demanding waste materials.
2. The pH shall not be changed at any time more than 0.2 units from that which occurs naturally.
3. The dissolved sulfide concentration of waters in and near sediments shall not be significantly increased above that
present under natural conditions.
4. The concentration of substances set forth in Chapter li, Table B in marine sediments shall not be increased to levels
which would degrade indigenous biota.
5. The concentration of organic materials in marine sediments shall not be increased to levels which would degrade
marine life.
6. Nutrient materials shall not cause objectionable aquatic growths or degrade indigenous biota.
E. Biological Characteristics
1. Marine communities, including vertebrate, invertebrate and plant species, shall not be degraded.
2. The natural taste, odor and color of fish, shellfish, or other marine resources used for human consumption shall not be
altered.
3. The concentration of organic materials in fish, shellfish or other marine resources used for human consumption shall
not be bioaccumulated to levels that are harmful to human health.
F. Radioactivity
1. Discharge of radioactive waste shall not degrade marine life.
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imposing civil penalties and damages for negligent or intentional oil spills. The State board
prepares and adopts the California Ocean Plan (SWRCB, 2005), which incorporates the State
water quality standards that apply to all NPDES permits (Table 5.6.5). In April 1991, the
SWQRCB and other State environmental agencies were incorporated into the California
Environmental Protection Agency.

The standards identified in the California Ocean Plan are consistent with the limitations specified
in the NPDES General Permit. This determination was made when the CCC (2001) concurred
with the EPA’s consistency certification that the proposed activities are consistent with the
enforceable policies of California’s Coastal Management Program which incorporates the Ocean
Plan. Tables 5.6.5 and 5.6.6 show the California Ocean Plan water quality standards and the
criteria for contaminants that may be in drilling muds or produced water discharged from
Platform Irene, respectively.

Table 5.6.6 California Ocean Plan Criteria (6-Month Median) for
Contaminants that may be in Platform Irene Discharges

Constituent Ocean Plan Criteria (ug/L)

Ammonia 600
Arsenic 8
Cadmium 1
Copper 3
Cyanide 1
Lead 2

Mercury 0.04
Nickel 5
Selenium 15
Silver 0.7
Zinc 20
Hexavalent Chromium 2

Source: SWRCB 2005

Central Coast Basin Plan

The Central Coast Region of the RWQCB has established a Water Quality Control Plan (Basin
Plan) for the coastal waters that include the Tranquillon Ridge Field (RWQCB, 1994). The
standards of the RWQCB incorporate the applicable portions of the Ocean Plan and are more
specific to the beneficial uses of marine waters adjacent to the project site. These water quality
objectives and toxic material limitations are designed to protect the beneficial uses of ocean
waters within specific drainage basins. The Basin Plan identifies the following existing
beneficial uses for the coastal waters contained within the project area (RWQCB, 1994).

Water Contact Recreation (REC-1): Uses of water for recreational activities involving body
contact with water, where ingestion of water is reasonably possible. These uses include, but are
not limited to, swimming, wading, water skiing, skin and scuba diving, surfing and fishing.

Non-Contact Water Recreation (REC-2): Uses of water for recreational activities involving
proximity to water, but not normally involving body contact with water, where ingestion of water
is reasonably possible. These uses include, but are not limited to, picnicking, sunbathing, hiking,
beachcombing, camping, boating, tidepool and marine life study, hunting, sightseeing, and
aesthetic enjoyment in conjunction with the above activities.
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Industrial Service Supply (IND): Uses of water for industrial activities that do not depend
primarily on water quality including, mining cooling water supply, hydraulic conveyance, gravel
washing, fire protection, or oil well repressurization.

Navigation (NAV): Uses of water for shipping, travel, or other transportation by private,
military, or commercial vessels. The RWQCB interprets NAV as any natural body of water that
has sufficient capacity to float watercraft for the purposes of commerce, trade, transportation,
and pleasure.

Marine Habitat (MAR): Uses of water that support marine ecosystems including, but not limited
to, preservation or enhancement of marine habitats, vegetation such as kelp, fish, shellfish, or
wildlife such as marine mammals and shorebirds.

Shellfish Harvesting (SHELL): Uses of water that support habitats suitable for the collection of
filter-feeding shellfish such as clams, oysters, and mussels, for human consumption, commercial,
or sport purposes. This includes waters that have in the past, or may in the future, contain
significant shell fisheries.

Ocean Commercial and Sport Fishing (COMM): Uses of water for commercial or recreational
collection of fish, shellfish, or other organisms including uses involving organisms intended for
human consumption or bait purposes.

Wildlife Habitat (WILD): Uses of water that support terrestrial ecosystems including, but not
limited to, preservation and enhancement of terrestrial habitats, vegetation, wildlife (e.g.,
mammals, birds, reptiles, amphibians, invertebrates), or wildlife water and food sources.

The Basin Plan states that, in addition to the provisions of the Ocean Plan, the following
objectives shall also apply to all ocean waters:

e The mean annual dissolved oxygen concentration shall not be less than 7.0 mg/L, nor shall
the minimum dissolved oxygen concentration be reduced below 5.0 mg/L at any time.

e The pH value shall not be depressed below 7.0, nor raised above 8.5.

e Radionuclides shall not be present in concentrations that are deleterious to human, plant,
animal, or aquatic life; or result in the accumulation of radionuclides in the food web to an
extent which presents a hazard to human, plant, animal, or aquatic life.

Water Quality Control Plan for Control of Temperature in the Coastal and Interstate Waters
and Enclosed Bays and Estuaries of California (Thermal Plan)

The California Thermal Plan specifies that existing discharges shall comply with limitations
necessary to assure protection of the beneficial uses and areas of special biological significance.
New discharges with elevated temperature shall be discharged to the open ocean away from the
shoreline to achieve dispersion through the vertical water column and shall be a sufficient
distance from areas of special biological significance to assure the maintenance of natural
temperatures in these areas. The maximum temperature of new thermal waste discharges shall
not exceed the natural temperature of receiving waters by more than 20 degrees Fahrenheit (F)
and shall not result in increases in the natural water temperature exceeding 4 degrees F at the
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shoreline, the surface of any ocean substrate, or the ocean surface beyond 1,000 feet from the
discharge system.

5.6.3 Significance Criteria

This section describes criteria for evaluating the significance of project-related activities or
incidents that may result in impacts on marine water and sediment quality. A project activity
would be deemed to have a significant impact if it leads to violation of water quality standards or
waste discharge requirements. However, most marine water-quality standards apply to
continuous point-source discharges, namely ocean outfalls. Because project-related marine water
quality impacts are likely to differ from those of typical ocean discharges, evaluation of their
significance must also consider their persistence, extent, and amplitude. Namely, significant
marine impacts are:

e Persistent and not reversed by natural dispersive processes within a few days;
e Extend beyond the project area;
e Cause physicochemical changes that impact the marine ecosystem; or

e Are measurably different from ambient background conditions.

Class Il impacts, which are adverse but not significant, are limited to those that cause no more
than short-term changes over small areas, or are indistinguishable from natural variation in the
marine environment.

If the intentional release of produced water or drill muds does not conform to the requirements of
an NPDES discharge permit or other common water-quality standards and guidelines, then it is
assumed that it could have a significant water-quality impact. Interpretation of unacceptable
changes in seawater properties promulgated in existing guidelines, regulations, standards, and
discharge requirements often requires some judgement. In these cases and in non-point-source
cases, such as accidental spills, marine water quality impacts would be considered significant if
they exceed either of the following threshold criteria.

1. Project-related activities cause significant impacts if they result in changes to marine water or
sediment quality that exceed established standards beyond a region immediately adjacent to
proposed project. The region of allowed impact is assumed to extend a lateral distance equal
to the local water depth or within a defined zone of initial dilution for a particular discharge,
such as the 100-m zone around Platform Irene.

2. Projected-related changes in water properties are also considered significant if they are large
compared to natural background variability in the surrounding marine environment, last more
than two days, or cause permanent deleterious effects in marine organisms.

Allowing the region of impact to extend to a lateral distance equal to the water depth derives
from the concept of a “zone-of-initial dilution” that is applied to point-source discharges. Within
this zone, turbulent mixing processes are thought to drive an initial rapid dispersion of
contaminants. Within this mixing zone, exceptions to the water-quality limitations are allowed to
occur while contaminants are being dispersed. “Large” project-related anomalies beyond this
zone can be evaluated from a statistical hypothesis test that compares the amplitude of the water-
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property anomaly with 95 percent confidence levels about mean conditions measured within any
given season. This approach has been successfully used to identify discharge-related anomalies
along the central coast (MRS, 2001) and the 95 percent confidence level is consistent with the
Ocean Plan’s definition of “significant” differences (SWRCB, 2005). The two-day criterion for
significance was based on analyses of mesoscale flow variability where longer-term changes
would influence multiple coastal-flow features and thus have wider-spread impacts (see Figure
5.6-2 and the accompanying text). The last consideration is also the subject of Section 5.5,
Marine Biology. Water-quality impacts that impinge on marine sanctuaries or sensitive habitats
would also be considered significant.

Thresholds for significant aesthetic impacts on marine water quality are set by Ocean-Plan
prohibitions on visual observations of oil sheens or floating debris on the sea surface (See Table
5.6.4). Also, the Ocean Plan relates significant marine-water-quality impacts to a degradation in
the composition of resident marine communities; namely resulting from contamination levels
leading to chronic or acute toxic effects. This is reflected in the water quality objective of
maintaining all surface waters free of contaminants in concentrations toxic to aquatic life as
stated in the Water Quality Control Plan (RWQCB, 1994). Except for chromium and nickel,
which are naturally elevated in ambient sediments, the toxicity of drill muds deposited on the
seafloor can be evaluated by comparing contaminant concentrations with the effects levels listed
in Table 5.6.3. Significant impacts would be expected if concentrations exceeded the ERM
guideline for any compound that had well-established toxicity benchmarks.

5.6.4 Impact Analysis for the Proposed Project

The primary impacts to marine water and sediment quality from the proposed Tranquillon Ridge
Project arise from three sources. First, the project would increase the potential for an accidental
marine release of crude oil from the platform, the seafloor transmission pipeline, or supply boats.
Second, during directional drilling, the discharge of drilling fluid would increase particulate
loads near Platform Irene. Finally, during production of the Tranquillon Ridge Field, produced
water could be discharged into the marine environment near Platform Irene and accidental
releases of produced water could occur along the transmisston pipeline as it transits the seafloor
to the platform.

— Residual
Impact # Impact Description Phase Impact
MWQ.1 Accidental discharge of petroleum hydrocarbons into Increased Throughput Class |
marine waters would adversely affect marine water Extension of Life
quality.

The proposed project would increase the likelihood of an accidental release of crude oil to the
marine environment. Increased activities offshore as a result of the proposed project would
increase the frequency of spills. Also, an increase in the oil percentages in the pipeline would
increase the amount of oil that could be spilled into the marine environment if a spill were to
occur. In addition, the longer life associated with Platform Irene and the Platform Irene to LOGP
pipeline would increase the probabilities of a spill over the facility lifetime. Spill frequencies and
lifetime probabilities are shown in the Table 5.1.27. The combined probability of oil leaks,
ruptures, blowouts, and spills from Platform Irene and the offshore portion of the wet-oil
transmisston pipeline would approximately double under the proposed project. In addition, the
expanded new production would increase the concentration of crude in the oil emulsion
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transported to shore. Because of increased crude concentrations, offshore oil spills associated
with a rupture of the transmission pipeline would induce greater deleterious effects within
marine waters. Finally, the frequency and duration of trips made by offshore support vessels
would increase under the proposed project. Although vessel trips would not increase above the
permitted limit, during the drilling of new wells, the number of vessel trips per year would
increase from 107 to 120. The increased vessel traffic would increase the risk of a vessel
accident and an attendant spill although its volume would be limited compared to other oil-spill
scenarios.

The proposed project would double—the—fregueney—quadruple the probability of an oil spill
beyond current baseline conditions_(an increase from 5.4% to 22.1%; see Table 5.1.28). In
accordance with the significance criteria described in Section 5.6.3, impacts to marine water
quality from a large crude-oil spill (>100 bbls) must be considered potentially significant. A
large spill, such as the spill in 1997, would meet all of the threshold criteria for a significant
water-quality impact. Namely, it introduced hydrocarbon contaminants that were persistent,
extended well beyond the project area, impacted the marine ecosystem, and measurably departed
from background concentrations. Spilled oil produces several impacts to marine water quality
that are explicitly addressed in the California Ocean Plan (Table 5.6.5). Surface slicks limit
equilibrium exchange of gases at the ocean-atmosphere interface. This reduces near-surface
oxygen concentrations, particularly with the increased biochemical oxygen demand of crude-oil
emulsions. As the seawater-oil emulsion mixes into the water column, turbidity would increase
and toxic hydrocarbons would be released into the water column and seafloor sediments.
Weathering can widely disperse tar balls, which may eventually be ingested by pelagic and
benthic biota with adverse effects. Although a surface slick can disperse within a few hours of a
spill in harsh sea states, lingering effects could persist for much longer periods. For example, it
took approximately two years for mussel tissue burdens of aromatic hydrocarbons to return to
background levels after the Exxon Valdez Oil Spill (Boehm et al., 1995). Although this spill was
much larger (about 6,000 times larger) than that projected for the Tranquillon Ridge Project,
monitoring results indicate the potential for long-term effects. Because there is an increased
likelihood of a large oil spill as a result of the proposed project, and because such a spill would
result in tangible damage to marine water quality, in excess of levels identified in regulatory
criteria, accidental discharges of petroleum hydrocarbons into marine waters are considered a
significant adverse impact.

The results of an oil-spill trajectory analysis for Platform Irene and its pipelines is presented in
Section 5.1, Risk of Upset. Ocean impact areas were found to be similar for spills from Platform
Irene and from the oil-emulsion pipeline. Oil spills were far more likely to travel due south from
the site of the spill. Spills could potentially extend substantial distances and impact ocean areas
south of the Channel Islands. There is a tangible probability that they would impact the Channel
Islands Marine Sanctuary. To the north, only open-ocean areas south of Point Sal were likely to
be impacted by oil spills resulting from the proposed project. However, as described in Section
5.6.1.2, uncertainty concerning the influence of wind drift on spilled oil, limitations in the model,
and the prevailing northward surface current flow suggest that oil spilled within the project area
could also impact coastlines to the north.
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Mitigation Measures

Mitigation Measure MB-1 requires an update to the November 2004 Core Oil Spill Response
Plan and July 2005 Supplement to incorporate changes in platform activities that result from the
proposed project, and serves to ameliorate marine water quality impacts should a spill occur. The
following mitigation would help reduce the likelihood of an oil spill similar to the one that
occurred in 1997. This measure would also serve to mitigate oil spill impacts to marine biology
and commercial and recreational fishing.

MWQ-1 Offshore inspections of the wet-oil pipeline shall continue to be conducted on a
regular basis as determined by the County and/or other regulatory agency throughout
the life of the project. Inspections shall use the best available technology to identify
unsupported spans and deteriorating or inadequate welds. When structural anomalies
or unsupported spans are identified that compromise the integrity of the pipeline as
determined by the County and/or other regulatory agency, flow through the pipeline
flow shall cease until repairs can be effected, spans can be supported, or problematic
pipeline components can be replaced. If the leak detection system causes an
unexplained shutdown of flow through the offshore pipeline, flow shall remain
shutdown until the entire length of pipe is inspected. The applicant shall submit
annual inspection reports the parities responsible for verification. These requirements
shall be referenced in the project’s Safety, Inspection, Maintenance, and Quality
Assurance Program (SIMQAP).

Residual Impact

Marine water-quality impacts associated with accidental oil spills are categorized as significant
(Class 1) because the proposed mitigation measures would not be completely effective in
reducing the significant risk of a spill, nor would they adequately eliminate the significant effect
of a spill on marine water quality. A large spill (>100 bbls) would violate many of the water
quality standards. It would generate visible surface sheens, significant reductions in the
penetration of natural light, reductions in dissolved oxygen, degradation of indigenous biota, and
hydrocarbon contamination within the water column and marine sediments. The duration and
area of the impact would be largely dictated by the size of the spill. Impacts would last from days
to weeks and extend for tens of kilometers.

Mitigation of water-quality impacts from a major marine oil spill (> 100 bbls) is largely a
function of the efficacy of the spill-response measures. The effectiveness of spill cleanup
measures is dependent on the response time, availability and type of equipment, size of the spill,
and the weather and sea state during the spill. Only some of these aspects are within the control
of the spill-response team. In addition, many oil spill response measures have impacts of their
own. Appendix E provides additional information on the impacts associated with various oil spill
response measures.

Under the regulatory-based significance criteria described in Section 5.6.3, even small oil spills
could be considered potentially significant. Many regulations and guidelines establish limits
based on the presence of a visible sheen on the ocean surface. This criterion is reflected in the
static sheen test for free oil identified in the NPDES General Permit (EPA, 2004), USCG
regulations, and the aesthetic criterion C.1 in the Ocean Plan Standards (see Table 5.6.4).
Adverse aesthetic impacts from a visible sheen would occur upon discharge of a very small
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amount of free-phase hydrocarbons into calm marine waters. Because sheens are so thin, as little
as 0.5 ounces of oil can form a rainbow sheen covering 500 ft* of calm ocean surface area (Taft
etal., 1995).

— Residual

Impact # Impact Description Phase Impact

MWQ.2 Reduced marine water and sediment quality would result Drilling Class Il
from increased oceanic discharge of drilling fluids.

Under the proposed project, drilling muds and cuttings would either be discharged to the ocean at
Platform Irene or re-injected. The increased discharge of drilling muds, cuttings, and completion
fluids would negatively impact seawater and sediment quality. Marine impacts arise because
unmitigated discharge of used drilling fluids can harm marine organisms, reduce aesthetic
benefits, and disrupt the benthic habitat. However, the magnitude and spatial extent of these
impacts would be largely ameliorated in the proposed project through the NPDES Permit
requirements.

For example, the toxicity of discharged muds is regulated by limiting muds additives to those
predetermined to have low toxicities. Also, muds bioassays are periodically conducted prierte
discharge as part of the NPDES monitoring program. Marine impacts are further limited by
shunting the drilling fluids so that they discharge well below the sea surface. Platform Irene’s
muds-discharge pipe extends 150 feet below the sea surface.

Shunted discharge avoids large increases in near-surface turbidity that are caused by the
introduction of suspended drilling particulates in the upper water column. Shallow turbidity
increases impacts to primary productivity (phytoplankton growth), which depends on the
penetration of ambient light within the photic zone. Because of this, avoiding reductions in
ambient light is listed as Water-Quality Standard C.3 in the California Ocean Plan (see Table
5.6.4). Mitigating the occurrence of shallow turbidity plumes also conforms to aesthetic water-
quality standards relating to floating particulates (Standard C.1) and visible discoloration
(Standard C.2).

Deep discharge also limits the seafloor area impacted by the muds deposition. Avoiding
degradation in the benthic community is designated as Water-Quality Standard C.4 in Table
5.6.4. The area of a depositional footprint is largely dictated by the amount of the time that
drilling particulates remain suspended. Thus, rapid deposition from a discharge close to the
seafloor may avoid impacts to sensitive benthic communities that reside on distant hard substrate
features. However, discharges shunted too close to the seafloor would increase localized impacts
to benthic organisms that reside immediately below the platform. Consequently, an intermediate
shunt depth is optimal. The shunt depth on Platform Irene is 92 feet above the seafloor (150 feet
below sea surface).

The seafloor area affected by the deposition of drilling particulates can be determined from
modeling. The discharge of drilling fluids produces two distinct plumes within the water column.
A dense plume that contains over 90 percent of the discharged cuttings descends rapidly to the
seafloor in a convective jet. Large particles within this plume that are not immediately deposited
on the seafloor below the platform are carried short distances away by prevailing currents. The
depositional pattern of these heavy particulates depends largely on water depth, discharge
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(shunt), current speed, and the muds density. A second plume consisting of lightweight flocs
(small aggregates of tiny sedimentary grains) of drilling mud particles also forms upon
discharge. This plume remains suspended in the water column and can impact distant benthic
communities (Hyland et al., 1994).

Appendix D presents site-specific modeling of drill-muds dispersion that was conducted as part
of this environmental assessment. Results indicate that the deposition of drilling flocs far from
Platform Irene would be negligible. Because of the along-shore alignment of prevailing currents,
tangible deposition would not occur in State Waters or in the Channel Islands Marine Sanctuary
(see Figure D-1).

Because most of the drill-muds flocs would settle to the seafloor within two days, impacts to
marine water quality would be temporary and below the Threshold Criterion 2 in Section 5.6.3,
and as such are considered to be adverse but not significant. Deposition on the seafloor would
increase trace-metal concentrations in marine sediments. However, as noted in Section 5.6.1.5,
the contribution would be small compared to natural sources and major constituents, such as
barium, are relatively inert. Consequently, chemical toxicity from trace-metal accumulations
resulting from the muds discharge would pose little threat to benthic organisms.

Mitigation Measures

No additional mitigation is required beyond the requirements imposed by the NPDES discharge
permit.

Residual Impact

Ocean discharge of drilling fluids as part of the proposed project would not result in significantly
increased marine impacts. Provisions contained in the NPDES discharge permit limit the use of
toxic additives and require bioassay monitoring. Fluids would be discharged at mid-depth and
disperse rapidly within the energetic flow field. Shunting would reduce turbidity impacts to the
photic zone near the sea surface and diminish benthic impacts resulting from the deposition of
muds and cuttings on the seafloor. The majority of marine water- and sediment-quality impacts
would be limited to an area of less than 100 m around Platform Irene. Therefore, marine water
and sediment quality impacts from project-related discharges of drilling fluids are considered
significant but mitigable (Class I).

Impact # Impact Description Phase Residual

Impact

MWQ.3 Reduced marine water quality would result from the New Operations Class Il
oceanic discharge of produced water.

An additional 40,000 bpd of treated produced water could be discharged 55 m below the sea
surface at Platform Irene as part of the proposed project (in addition to produced water
discharges resulting from Platform Irene Point Pedernales Field development). The applicant is
authorized to discharge to the ocean from the platform in accordance with the General NPDES
Permit. A part of the produced water that would be shipped to Platform Irene may still be
injected into Point Pedernales reservoir wells, as is currently the operation, to enhance current
Point Pedernales production. Offshore water injection would be conducted as authorized by the
MMS. Ocean discharge would locally alter the physical properties of the receiving seawaters and
introduce contaminants. Produced water is warmer and lower in dissolved-oxygen concentration
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trea%ment—faeﬂ#y—The produced water plume dlscharged from Platform Irene would be ne&rly
neutraly-buoyant because its salnity—and-temperature would be much warmer than ambient

seawater (120 to 160°F2), although its salinity would beth-be close to that of ambient seawater.
In addition, the concentrations of some trace metals are higher in produced water and
radioactivity may be elevated although not to the levels observed in the Gulf of Mexico.

However, contaminant levels would be reduced by onshore treatment and rapid initial dilution
would further minimize water quality impacts. If produced-water contaminants are restricted to
levels comparable to those specified for the new general discharge permit, then there would be a
low reasonable potential to exceed Federal receiving-water criteria (SAIC, 2000). Produced-
water discharges would be diluted by at least 10-fold within 10 m and more than 56-200-fold
beyond 100 m (Brandsma, 2004;2007a). Because produced water dilutes rapidly, it is unlikely
that its discharge would cause contaminant concentrations to measurably exceed ambient levels
over areas that exceed the Threshold Criterion 1 in Section 5.6.3. Although the produced water
would be discharged at an elevated temperature, dilution would rapidly reduce the temperature of
the plume. Modeling shows that the elevation in temperature would be less than 10° F within 10
m of the discharge and would reach ambient temperature within 50 m of the discharge
(Brandsma, 2007b) Therefore, with implementation of NPDES permit requirements this impact
is considered to be significant but mitigable (Class I1).

Except for zinc and barium, there is little indication that metals accumulate in bottom sediments
around produced-water discharges. Barium concentrations in produced water are more than
1000-times higher than in seawater. However, when produced water mixes with sulfate-rich
seawater much of the dissolved barium precipitates as barite. The solubility of barium sulfate is
below the toxic effects threshold for marine organisms (SAIC, 2000). Similarly, sediment zinc
concentrations comparable to the 76 mg/Kg measured near Platform Hidalgo (Steinhauer et al.,
1994) are lower than the lowest zinc toxic-effect level for marine organisms (TEL of 124 mg/Kg
in Table 5.6.3).

Discharge of trace-metals, hydrocarbons, and radioactive materials within produced waters are
all limited in the General NPDES permit for California OCS waters (EPA, 2000Db).

Mitigation Measures

In addition to implementation of NPDES permit requirements, Mitigation Measure MB-3 would
also apply to this impact.

Residual Impact

Marine water and sediment quality impacts from the discharge of produced water would be
localized and of limited magnitude. Consequently, the residual impact is considered significant
but mitigable (Class I1) based on the significance thresholds in Section 5.6.3.

2 The current temperature of oil/water emulsion from Platform Irene well production ranges from 170 to 185 degrees F. The

emulsion is sent via pipeline to LOGP for processing/separation and the produced water leaves LOGP at a temperature of
approximately 145 degrees F and arrives at Platform Irene for discharge between 115 to 130 degrees F. The exact temperature
of future discharges will vary as conditions, configurations, flow rates, and other variables change, but with the blending of the
fluids, the maximum temperature of the discharge stream is estimated at 160 degrees F. At this temperature, PXP discharges
would be compliant with the NPDES permit.
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Impact # Impact Description Phase el
Impact
MWQ.4 Reduced marine water quality would result from Drilling Class 1l
additional discharges of sanitary wastes, desalinization Extension of Life
brine, and other materials from Platform Irene.

The expanded offshore activities associated with the proposed project would increase the volume
of other wastes discharged from Platform Irene. Table 5.6.4 above shows the current and
proposed volumes of wastes discharged from the platform. As presented in Table 2.2 of the
Project Description, Section, 2.0, PXP estimates that annual muds and cuttings disposal volumes
for the period of 2008 through 2010 will be 48,700 bbls/yr and 5,700 bbls/yr, respectively; well
below the NPDES permit limits specified in Table 5.6-4. Impacts from the ocean discharge of
materials related to field development and production, namely, drilling fluid and produced water,
were addressed in Impacts MWQ.2 and MWQ.3. Other wastes include platform deck drainage,
sanitary wastes, fire-control system water, cooling water’, and antifoulants and trace metals
leaching from the drilling rig and support vessels. Platform deck drainage water can contain
contaminants, such as trace metals, petroleum hydrocarbons, and other toxic substances and
particulates. The discharge of sanitary wastes, if inadequately disinfected, can degrade marine
water quality by introducing pathogens. Tributyltin and other antifouling agents in paints on the
bottom of support vessels can leach into seawater with deleterious effects. Similarly, sacrificial
anodes on vessel hulls and the platform jacket dissolve continuously and release copper and zinc.
Finally, fire-control systems are regularly tested during fire drills aboard platform service vessels
and Platform Irene, itself. Although they commonly use seawater, contaminants that have
accumulated on the decks can be washed overboard during the drills.

Impacts to marine water quality resulting from these discharges are likely to be transient and
localized. Moreover, the additional discharge due to expanded platform operations in the
proposed project area represents a small incremental increase relative to current conditions. The
NPDES General Permit addresses the following miscellaneous discharges: deck drainage,
domestic and sanitary waste, blowout preventer fluid, desalination unit discharge, fire control
system water, non-contact cooling water, ballast and storage displacement water, bilge water,
boiler blowdown, test fluids, diatomaceous earth filter media, bulk transfer material overflow,
uncontaminated water, water flooding discharges, laboratory waste, excess cement slurry,
hydrotest water, and H,S gas processing waste water.

Presently, the discharge of most of these wastes is controlled. For example, the platform drainage
system limits the release of major contaminants by processing the discharge through oil-water
separators and other treatment processes. In addition, overboard deck discharges are monitored
visually for free oil and grease. Sanitary wastes are biodegraded and disinfected prior to
discharge. There will be no biocides in these discharges other than chlorine. Currently, PXP adds
small amounts of chlorine for three consecutive days per month, during which time they sample
the discharge for residual chlorine. They are evaluating changing to a weekly dosing or a
continuous dosing to be more effective. All discharges are in compliance with the NPDES
permit. In 2006 the residual chlorine ranged from 0.1 to 1.0 mg/L. The minute amount of

2 Seawater uptake for cooling is a maximum of 500 barrels per day when the cooled heat exchanger is in use; however, electric
fans are currently used. The water cooled heat exchanger could be used in the future when ambient air temperatures warrant
(electric fans are not as effective on warm days).
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antifoulants and trace metals released into the marine environment as a result of the project
activities is not expected to generate concentrations toxic to marine organisms in the open-ocean
waters near Platform Irene (CSA, 1995). As such the impact is considered to be adverse but not
significant.

Mitigation Measures

No mitigation measures beyond the NPDES permit restrictions currently imposed on the offshore
facility are required.

Residual Impact

Because the increased water quality impacts from additional discharges under the proposed
project are limited in magnitude, spatial extent, and duration, and are mitigated through NPDES
permit requirements, the residual impact is considered significant but mitigable (Class I1).

5.6.5 Impact Analysis for the Alternatives

Detailed descriptions of the various alternatives have been provided in Chapter 3.0. This section
provides a discussion of the marine water quality impacts of those alternatives.

5.6.5.1  No Project Alternative

Scenarios 2 and 3. As discussed in Section 3.2, under the No Project Alternative Scenarios 2
and 3, production of the federal portion of the Tranquillon Ridge field would and would not
occur, respectively. However, no extension of life of Point Pedernales facilities (Platform Irene,
pipelines, and LOGP) is assumed under either scenario.

Impact MWQ.1 - Impacts due to Oil Spills: Spill volumes under this-alternative-Scenarios 2 and
3 would be the same as under the current operations; therefore, current impact levels would
persist.

Impact MWQ.3 - Impacts due to Discharges of Produced Water: Produced water quantities on
Platform Irene would be no greater than the peak production from the Point Pedernales Field,
and would likely not be discharged, but injected. Impacts would remain the same as for the
existing Point Pedernales Project.

Impacts MWQ.2 and MWQ.4 - Impacts due to Discharges of Drilling Fluids, and Other
Wastes: Water quality impacts from the controlled discharges of drilling fluids and other wastes
would be significantly reduced compared to the proposed project since fewer wells would be
drilled and, therefore, less fluids would be discharged. The impacts would be considered adverse
but not significant (Class I11). In addition, extension of life impacts would not occur under this
alternative.

Options for Meeting California Fuel Demand. The relative impacts to marine water quality
associated with the various options for meeting California fuel demand are summarized in Table
5.6.7.
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Table 5.6.7

No Project Alternative Comparison to Options for Meeting California Fuel

Demand, Oceanographic & Marine Water Quality

Source of Energy

Impacts

Other Conventional Oil & Gas

Domestic onshore crude oil and gas

Would eliminate marine water guality
impacts.

Increased marine tanker imports of crude oil

Marine water guality impacts would be

increased.

Increased gasoline imports®

Would eliminate marine water quality
impacts.

Increased natural gas imports (LNG)

Marine water quality impacts would increase
with LNG tankering and/or development of
offshore ports.

Alternatives to Oil and Gas

Fuel Demand Reduction: increased fuel
efficiencies, conservation, electrification”

Alternative transportation modes

Proposed project impacts would be
eliminated.

Implementation of requlatory measures

Proposed project impacts would be

eliminated.

Coal, Nuclear, Hydroelectric

Proposed project impacts would be
eliminated. Marine water quality impacts
unlikely for coal or hydroelectric. Coastal
nuclear plants could result in marine water
quality impacts.

Alternative Transportation Fuels

Ethanol/Biodiesel®

Proposed project impacts would be reduced.

Hydrogen®

Proposed project impacts would be
eliminated.

Other Energy Resources?

Solar*®

Proposed project marine water quality
impacts would be eliminated.

Wind**

Proposed project marine water quality
impacts would be eliminated. Development
of offshore wind infrastructure could result in
marine water guality impacts.

Wave”*

Proposed project marine water quality
impacts would be eliminated. Development
of wave energy extraction infrastructure could
result in marine water quality impacts.

Footnotes:
1. Pipeline and tanker truck import from out-of-State assumed.

2. Assumes that Tranquillon Ridge production would not be replaced with other petroleum-based energy

supply.
3. Assumes ethanol and biodiesel used as blends only and therefore would reduce, but not eliminate

Tranquillon Ridge or equivalent production.

4. Assumes, large centralized facilities.
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5.6.5.2 VAFB Onshore Alternative

Development of the Tranquillon Ridge Field from VAFB would reduce or eliminate impacts to
marine water quality from the proposed project. The only potential impacts to marine water
quality from the VAFB Onshore Alternative would be the potential discharge of produced water
from Platform Irene (if the NPDES permit is modified to allow it) under Produced Water
Scenario 1 or a spill from a pipeline rupture or due to upset conditions at the drilling/production
site if the oil reaches ocean waters.

Impact MWQ.1 - Impacts due to Oil Spills: The VAFB Onshore Alternative would reduce the
risk of oil spills compared to the proposed project. The risk of an oil spill from Platform Irene or
associated offshore pipelines would be reduced to the baseline conditions. There is a small
chance that an oil spill from the rupture of the new pipeline or upset conditions at the
drilling/production site could reach ocean waters. The chances of oil from the onshore pipeline
and drilling/production site reaching the ocean are nominal because the alternative facilities
would be landward of the railroad tracks. The railroad tracks run along a berm that forms a
partial barrier to flows. However, under high flow conditions spilled oil might reach ocean
waters via one of the drainages crossed by the pipeline. Spilled oil that did reach the ocean from
this alternative would have the potential to result in significant degradation of marine water
quality. Mitigation Measure MB-1 requires an update to the Qil Spill Response Plan and serves
to ameliorate marine water quality impacts should a spill occur. For the VAFB Onshore
Alternative, the Oil Spill Response Plan should specifically detail methods to keep oil spilled
into creeks and drainages from reaching the ocean (see Mitigation Measure CRF/KH-3). Oil spill
impacts have the potential to be significant (Class I).

Impact MWQ.3 - Impacts due to Discharges of Produced Water: Under Produced Water
Scenarios 2 and 3, treated produced water would be re-injected onshore either at the onshore
drilling and production site or the LOGP. Under either of these scenarios, no impacts associated
with Franguilon-Ridge—development-the VAFB Onshore Alternative would occur to marine
water quality from produced water discharges. Under Produced Water Scenario 1, produced
water from the VAFB Onshore Alternative would be treated at the LOGP and then sent to
Platform Irene where it would either be re-injected or discharged to the ocean. If produced water
were re-injected, impacts to marine water quality would not be expected. Under current
regulations/permits, discharges at Platform Irene of produced water from the Tranquillon Ridge
Field would be prohibited unless that produced water was produced from wells drilled from
Platform Irene. To discharge produced water at Platform Irene from wells drilled onshore, the
existing discharge permit would need to be modified or a new discharge permit would need to be
obtained (E. Bromley, USEPA, personal communication, 2006). Modifying the existing permit
or obtaining a new discharge permit is feasible, but could be a lengthy process and would require
the approval of the California Coastal Commission in addition to approval of USEPA. If a new
or modified permit were obtained to allow discharge of produced water from Platform Irene, the
impacts would be similar to those described for MWQ.2 of the proposed project and Mitigation
Measure MB-3 would apply.

Impacts MWQ.2 and MWQ.4 - Impacts due to Discharges of Drilling Fluids, and Other
Wastes: No ocean discharge of drilling fluids or other wastes would occur for the VAFB
Onshore Alternative. Therefore, there would be no impact to marine water and sediment quality
from these discharges for the VAFB Onshore Alternative. Water quality impacts from the
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controlled discharges of drilling fluids and other wastes would be significantly reduced
compared to the proposed project since fewer wells would be drilled and, therefore, less fluids
would be discharged. Impacts associated with discharge of drilling fluids and other wastes would
be associated with the baseline condition and not the onshore alternative. The impacts of
discharging drilling fluids and other wastes would be considered adverse but not significant
(Class I11). In addition, extension of life would not occur under this alternative.

5.6.5.3 Casmalia East Oil Field Processing Location

There are no additional impacts identified for this alternative. The proposed project’s marine
water quality impacts remain unchanged under this alternative.

5654 Alternative Power Line Routes to Valve Site #2

There are no additional impacts identified for this alternative. The proposed project’s marine
water quality impacts remain unchanged under this alternative.

5.6.5.5 Replacement of Oil Emulsion Pipeline from Platform Irene to LOGP

Under this alternative Impacts MWQ.1 through MWQ.4 would be similar to the proposed
project. An oil spill would be less likely to occur because of adding new oil emulsion pipeline
sections. However, water quality impacts from a spill would be widespread and containment and
cleanup would remain uncertain, leaving it as a significant (Class 1) impact. Measures designed
to mitigate marine water-quality impacts (MB-1 and MWQ-1) would still apply. No increased
risk from shallow geophysical hazards would arise because the new emulsion line would occupy
the existing pipeline corridor. Along this corridor, the seafloor consists of a firm sandy bottom
with few rocky outcrops, gas pockets, or relict slumps.

The produced-water pipeline would not be replaced. Consequently, water-quality impacts from
the controlled discharge of produced water (Impact MWQ.3), drilling fluids (Impact MWQ.2),
and other wastes (Impact MWQ.4) would be the same as the proposed project (Class I1).

The only additional potential impacts from this alternative would arise during the pipeline
installation phase. Specifically, the lay vessel-pull installation method would contribute to
limited increase in the load of suspended sediments within the water column. Turbidity increase
would occur only during the 53 construction days and would be localized around the pipeline
sections as they are set on the seafloor offshore or are jetted-in within 4,000 feet of the shoreline.
Temporary increases in concentration of suspended sediments may also be expected near the
seafloor when the vessel anchors are set and where the anchor chains contact the seafloor while
the lay vessel is moored. Additional minor water quality impacts would arise from deck wash
and other contaminants discharged from the lay vessel, tug boats, and support vessels.

Impact # Impact Description Phase Residual
Impact
MWQ.5 | Marine water-quality impacts would result from Construction Class Ill

seafloor sediments resuspended during the installation
of a new offshore pipeline.

The short-lived increase in turbidity associated with the installation of the pipeline would be
confined to the seafloor portion of the construction operation. The plume of resuspended ambient
sediments stirred up by placing the pipeline on the seafloor would consist largely of medium to
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fine sands. These sands would rapidly redeposit within a few tens of meters of the disturbance
area. Under quiescent flow conditions, the time it takes suspended sediment to settle depends on
grain size, shape, and the concentration of suspended solids. The fine quartz sands found close to
shore along the central coast (Morro Group, Inc., 2000) would settle 15 m in approximately 15
minutes assuming low solids concentrations (USACOE, 1984). The very fine sands found farther
offshore (>70-m water depth) would settle 15 m in approximately 45 minutes under the same
ambient conditions. With naturally occurring turbulence and greater particle concentrations,
actual settling times would be longer. However, it is unlikely that suspended seafloor sediments
would extend more than a few meters above the bottom and construction-related increases in
turbidity are likely to persist for less than a day. Similarly, the lateral extent of tangible near-
bottom increases in turbidity around the pipeline corridor would also be limited to a few tens of
meters. Consequently, the turbidity plume is not likely to violate Ocean Plan prohibitions on
aesthetically undesirable discoloration of the ocean surface or significant reductions in the
penetration of ambient light.

The greatest volume of seafloor sediments would be suspended during burial of the pipeline near
the surf zone where hydraulic jetting is proposed under this alternative. However, ambient
turbidity is already elevated close to shore due to natural disturbances such as resuspension from
shoaling waves and onshore runoff. Temporary increases in turbidity within this dynamic
environment are not likely to be measurably different from increases that occur naturally during
coastal storms. Therefore, the impact is determined to be adverse but not significant.

Mitigation Measures

To mitigate this impact to the maximum extent feasible, Mitigation Measures MWQ-1 and MB-1
would apply.

Residual Impact

Turbidity increases associated with pipeline installation would be temporary and confined to the
seafloor near the pipeline corridor. Consequently, Impact MWQ.5 would be adverse but not
significant (Class I11).

5.6.5.6  Alternative Drill Muds and Cuttings Disposal

Two alternative disposal methods for drilling fluids would eliminate impacts to marine water
quality caused by the ocean discharge of drilling fluid (Impact MWQ.2). However, other Class Il
impacts to water quality would be the same as for the proposed project (Impacts MWQ.1, Oil
Spills, MWQ.3, Produced Water Discharge, and MWQ.4, Produced Water Treatment). Measures
designed to mitigate marine water-quality impacts (MWQ-1 and MB-3) would still apply.

Inject Drill Muds and Cuttings into a Reservoir

Under this alternative, all of the muds and cuttings would be injected into a reservoir at Platform
Irene. New grinders and pumps would have to be installed on the platform. Reinjecting all
drilling muds into underground formations can be difficult to achieve in some offshore oil fields
(MMS, 2001). Even after extensive pretreatment of the muds, including grinding and dilution,
the solids content can quickly plug most permeable formations after initial pumping (Amstutz,
1980). Consequently, mud reinjection is unusual on the Pacific OCS. However, it is currently
being practiced on the SYU platforms in the SBCh. The effectiveness of this approach is
dependent on the availability of cavernous underground formations or high vug densities (pore
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densities in the formation). Even if injectivity tests confirm a well’s high permeability and
porosity, and thus its ability to accept the disposal material, the injection of muds into near
surface formations could conceivably result in impacts to marine water quality as described in
the following impact statement.

Impact # Impact Description Bhase Residual
Impact
MWQ.6 | Marine water-quality impacts could result from the marine Drilling Class 11l

release of interstitial waters contaminated by drill-muds
injection into a near surface formation.

Although injection would probably not directly impact marine water quality, it could
contaminate the interstitial and groundwater below the seafloor if the material was injected into a
near surface formation. If interstitial waters are contaminated with oil or other contaminants,
these contaminants may seep into marine waters. However, marine impacts resulting from this
seepage are expected to be less severe than the intentional open-ocean discharge of drilling fluids
under the proposed project (MWQ.2). Nevertheless, in the proposed project, muds and cuttings
would be monitored for low-level contamination before being discharged in the open ocean
under controlled conditions; namely a specific location and shunt depth. This would result in
smaller more-localized impacts to marine water quality than an uncontrolled release (“frac-out™)
of possibly more-contaminated drill muds over wide areas of the seafloor.

Based upon the MMS requirements for injection of muds and cuttings, extensive evaluation of
the injection formation would occur before any injection would occur. It is highly unlikely that
the MMS would approve the use of a near surface formation due to the low fracture pressures
that typically exist with these types of formations. Typically, muds and cuttings are injected into
deep formations that are thousands of feet below the seafloor, which virtually eliminates the
possibility of seepage to the ocean.

The impact associated with injection of muds and cuttings into a near surface formation is
considered to be adverse but not significant.

Mitigation Measures

No mitigation is required beyond those specified in current underground injection control
regulations.

Residual Impact

Underground injection control regulations require that muds and cuttings be reinjected into a
deep formation that is isolated from the seafloor. Consequently, the possibility of the marine
release of contaminated groundwater is remote. This also requires that the integrity of the well-
bore and cap rock is sufficient to prevent near-surface formations from being fractured. Overall,
reinjecting contaminated muds and cuttings into a deep formation would largely eliminate the
likelihood of contaminants entering the marine environment. With proper care taken during
reinjection, the likelihood of water quality contamination is low and if a release should occur,
dilution within ground and interstitial waters should limit marine water quality impacts.
Consequently, this impact is deemed adverse but not significant (Class I11).
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Transport Drill Muds and Cuttings to Shore for Disposal

Under the proposed project, drilling muds and cuttings would be transported to shore only when
they become contaminated. Contamination may occur after a diesel pill is used to free stuck pipe
or when hydrocarbons are encountered when drilling though production zones. Under this
alternative, all drilling fluids, even those with low chemical-contamination levels, would be
transported to shore for disposal. The alternative would reduce marine water-quality impacts
caused by the discharge of small amounts of hydrocarbons adhering to muds and cuttings that
pass the free-oil test. It would also reduce turbidity and deposition of drilling particulates
proximal to the platform (MWQ.2). However, vessel transportation may still result in marine
water-quality impacts as described below.

— Residual

Impact # Impact Description Phase Impact
Marine water quality would be impacted by accidental -

MWQ.7 discharge of drill muds and cuttings during transit to shore. Drilling Class 1l

This alternative would increase the risk of an accidental release of drill muds as a result of a
vessel collision. In addition, there is a risk of accidental spills while the muds and cuttings are
transferred to and from the boats. Spills that occur in a protected harbor during offloading or near
the sensitive intertidal zone during transit along the coast will result in short-term impacts to
marine water quality that would exceed impacts that arise from muds that are intentionally
discharged offshore at depth. For example, water quality impacts caused by accidental spillage
would diminish the penetration of ambient light within the euphotic zone. Similarly, the
increased turbidity caused by a drilling-fluid spill near the coast can negatively impact filter-
feeding organisms. Moreover, in contrast to the muds discharged offshore under the proposed
project, the containerized muds shipped to shore may contain additional contaminants that would
not be allowed under the NPDES discharge permit. However, there is a low risk of a drill-mud
release during transit to shore and if released, the volume would be small and impacts transitory.
Because temporary impacts from an accidental release of drilling fluid are not likely to be any
more significant than those that result from the long-term release under the proposed project,
water-quality impacts from this alternative are considered to be adverse but not significant.

Mitigation Measures

To mitigate this impact to the maximum extent feasible, the following mitigation measures
would apply:

MWQ-2 The applicant shall regularly inspect all Baker tanks, bins, and hoses used to transfer
muds and cuttings to the transport vessels and immediately repair of damaged
components or require these inspection and repair tests within their contractual
agreements with the vessel operators. Inspection records shall be submitted to MMS
on a regular basis.

MWQ-3 The applicant shall collect and dispose onshore, all wastewater generated by cleaning
the boats, transport containers, and mud-transfer equipment or require these
inspection and repair tests within their contractual agreements with the vessel
operators. The applicant shall keep all disposal records to be available for inspection.
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Residual Impact

By mitigating the impact to the maximum extent feasible, the low likelihood of an accidental
release of spent drilling fluids during transit would be reduced to negligible levels. Because any
release would be of limited volume, adverse marine water-quality impacts associated this
alternative are deemed to be adverse but not significant (Class Il1).

5.6.6 Cumulative Impacts and Mitigation Measures

Cumulative projects that could impact existing oceanographic and marine water quality
conditions include only those potential offshore oil and gas projects summarized in Sections 4.2
and 4.3. The potential onshore development projects discussed in Section 4.4 would not impact
marine water quality. As such, only the cumulative impacts associated with the offshore oil and
gas projects are discussed below.

Other than impacts from multiple oil spills, cumulative impacts to marine water quality would
not be expected to be significant with implementation of NPDES permit requirements. The
marine water-quality impacts described above are too localized to be compounded by impacts
from other offshore oil and gas projects in adjacent offshore lease blocks. Impact footprints that
result from the discharge of drill muds, produced water, and other wastes from Platform Irene are
largely contained within 100 meters (327 feet). Even for the distant deposition of drilling
particulates, as described in Appendix D, almost no particulates would travel beyond 3 or 4
kilometers (1.9 to 2.5 miles) before being deposited on the seafloor.

The probability of two or more oil spills occurring simultaneously is extremely small, but
lingering effects from one spill could compound the impacts from another. In addition, the large
spatial extent of an oil spill associated with the proposed project encompasses many of the other
offshore-development projects in the area (see Figures 4-1 and 4-2). Spills that are caused by
different projects could easily impact the same region. However, water-quality impacts from oil
spills are comparatively short-lived, on the order of weeks, and it is unlikely that another spill
would occur in the same area within that time. In contrast, oil-spill impacts to marine sediments
are much longer lived and it is conceivable that multiple spills could result in hydrocarbon
accumulation within marine sediments.

Nevertheless, there is a low likelihood that the proposed project would cause a spill that followed
soon after another spill and that impacted the same oceanic region where water-quality,
sediment-quality, or organisms had yet to substantially recover from the previous spill.
Consequently, the proposed project would not induce significant additional adverse impacts to
marine sediments due to cumulative effects, over and above the adverse impacts from a single
major spill. This is not to say that the marine impacts from an oil spill are not significant, only
that the incremental contribution of a project-related spill are not significantly more considerable
when viewed in conjunction with potential sediment and water-quality impacts from the other
projects addressed in the cumulative analysis. However, given that the impacts to marine water
quality from any major spill would be significant, the cumulative impact would be considered
significant.
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5.6.7

Mitigation Monitoring Plan

Mitigation
Measure

Mitigation Requirements and Timing

Method of
Verification

Timing of
Verification

Party
Responsible
For
Verification

MWQ-1

Offshore inspections of the wet-oil pipeline shall
continue to be conducted on a regular basis as
determined by the County and/or other
regulatory agency throughout the life of the
project. Inspections shall use the best available
technology to identify unsupported spans and
deteriorating or inadequate welds. When
structural anomalies or unsupported spans are
identified that compromise the integrity of the
pipeline as determined by the County and/or
other regulatory agency, flow through the
pipeline flow shall cease until repairs can be
effected, spans can be supported, or problematic
pipeline components can be replaced. If the leak
detection system causes an unexplained
shutdown of flow through the offshore pipeline,
flow shall remain shutdown until the entire
length of pipe is inspected. The applicant shall
submit annual inspection reports the parities
responsible for verification. These requirements
shall be referenced in the project’s Safety,
Inspection, Maintenance, and Quality Assurance
Program (SIMQAP).

Review of
inspection and
repair records.

During
Operations

MMS
CSLC
SBC P&D
SBC B&S

MWQ-2
(Onshore
Mud
Disposal
Alternative
only)

The applicant shall regularly inspect all Baker
tanks, bins, and hoses used to transfer muds and
cuttings to the transport vessels and immediately
repair of damaged components or require these
inspection and repair tests within their
contractual agreements with the vessel
operators. Inspection records shall be submitted
to MMS on a regular basis.

Review of
applicant’s
inspection
records and
unannounced
inspection by
verifying party.

During
Operations

MMS or
designated
monitor

MWQ-3
(Onshore
Mud
Disposal
Alternative
only)

The applicant shall collect and dispose onshore,
all wastewater generated by cleaning the boats,
transport containers, and mud-transfer
equipment or require these inspection and repair
tests within their contractual agreements with
the vessel operators. The applicant shall keep all
disposal records to be available for inspection.

Periodic
monitoring in
the field and
inspection of

disposal

records.

During
Operations

RWQCB or
designated
monitor

April 2008

5.6-47

Final EIR




5.6 Oceanography and Marine Water Quality

5.6.8 References

ABC Labs. 1995. South San Luis Obispo County sanitation district receiving water monitoring
report. September, 1995. 38 pp.

American Petroleum Institute (API). 1987. Recommended Practice for Planning, Designing and
Constructing Fixed Offshore Platforms. APl Recommended Practice 2A, Seventeenth
Edition.

Amstutz, R.W. 1980. Deep Well Disposal: A Valuable Natural Resource. Chapter 17, pp 281-1809.
In: R.B. Pojasek, Editor, Toxic and Hazardous Waste Disposal. Volume 4, New and
Promising Ultimate Disposal Options. Ann Arbor Science, Ann Arbor Michigan.

Arguello Inc. 2000. Rocky Point Unit Development Environmental Report. Submitted to: The
Minerals Management Service, Pacific OCS Region. November 30, 2000.

Arthur D. Little, Inc. 1998a. Guadalupe Oil Field Remediation and Abandonment Project: Final
Environmental Impact Report. Prepared for County of San Luis Obispo. March 1998.

. 1998b. Unocal Avila Beach Cleanup Project, Environmental Impact Report/Statement,
Final Report. Prepared for County of San Luis Obispo. SCH #95071094 February 1998.

Atkinson, L.P., K.H. Brink, R.E. Davis, B.H. Jones, T. Paluszkiewicz, and D.W. Stuart. 1986.
Mesoscale hydrographic variability in the vicinity of Points Conception and Arguello
during April to May 1983: the OPUS 1983 experiment. Journal of Geophysical Research.
91(C11): 12899-12918.

Baird and Associates. 2005. Pacific Ocean Wave Information Study Validation of Wave Model
Results Against Satellite Altimeter Data. Prepared for U.S. Army Corps of Engineers
Engineering Research and Development Center

Barth, J.A. and K.H. Brink. 1987. Shipboard acoustic doppler profiler velocity observations near
Point Conception: Spring 1983. Journal of Geophysical Research, 92(C4):3925-3943.

Battelle Ocean Sciences (BOS). 1991. Phase 5 Final Report on National Status and Trends
Mussel Watch Project: Collection of Bivalves and Surficial Sediments from Coastal U.S.
Atlantic and Pacific Locations and Analyses for Organic Chemicals and Trace Elements.
Contract Number 50-DGNC-0-00048. U.S. Department of Commerce, National Oceanic
and Atmospheric Administration, Ocean Assessments Division, Rockville, Maryland.
April 1, 1991. 127pp+appendices.

Bernstein, R.L., G.S. Lagerloef, M.A. Savoie. 1991. Analysis of a four-year satellite sea surface
temperature imaging sequence near Point Conception, California. In: Minerals
Management Service. 1991. California OCS Phase 1l Monitoring Program Final Report.
U.S. Department of the Interior, Minerals Management Service, Pacific OCS Region, Los
Angeles, California. OCS Study MMS 91-0083. 22pp.

Boehm, P.D., D.S. Page, E.S. Gilfillan, W. A. Stubblefield, and E.J. Harner. 1995. Shoreline
ecology program for Prince William Sound, Alaska, following the Exxon Valdez oil spill:
Part 2 - Chemistry and Toxicology. In: Exxon Valdez Oil Spill: Fate and Effects in
Alaskan Waters, ASTM STP 1219, P.G. Wells, J.N. Butler, and J.S. Hughes, Eds.,
American Society for Testing and Materials, Philadelphia.

April 2008 5.6-48 Final EIR



5.6 Oceanography and Marine Water Quality

Brandsma, M.G. 2007. Dilution Times and Temperatures, Platform Irene Produced Water.

Memorandum to Vida Strong, Aspen Environmental Group. July 31, 2007.

Brandsma, M.G. 2007a. Near-field Produced Water Plumes, Platform Irene. Prepared for Plains
Exploration and Production Company. July 20, 2007.

Brandsma, M.G. 2007b. Dilution Times and Temperatures, Platform Irene Produced Water.
Memorandum to Vida Strong, Aspen Environmental Group. July 31, 2007.

Brink, K.H. and R.D. Muench. 1986. Circulation in the Point Conception — Santa Barbara
Channel Region. Journal of Geophysical Research. 91(C1): 877-895.

Browne, D.R. 2001. Comparing Drifter Observations with MMS OSRA Results. In: Quality
Review Board Minutes Of Meeting No. 7, 7-9 March 2000. Analysis and Acquisition of
Observations of the Circulation on the California Continental Shelf. University of
California, San Diego; Scripps Institution of Oceanography; Center for Coastal Studies,
0209; 9500 Gilman Drive; La Jolla, California 92093-0209. Technical Report Reference
No. 01-1 (Published 1 February 2001). Cooperative Agreement No. 14-35-0001-30571.
pp 417-419.

Caldwell, P. C., D. W. Stuart, and K. H. Brink. 1986. Mesoscale wind variability near Point
Conception, California, during spring 1983. Journal of Climate and Applied Meteorology
25:1241-1254.

California Coastal Commission (CCC). 2001. Adopted Finding on Consistency Certification CC-
126-00, EPA, General NPDES Permit, Offshore Oil Platforms. Date of revised findings
11/20/2001.

Chelton, D.B. 1984. Seasonal variability of alongshore geostrophic velocity off central
California. Journal of Geophysical Research, 89(C3):3473-3486.

__.1987. Central California Coastal Circulation Study Drifter Observations February, July,
October 1984 and January 1985. Data Report 130, Reference 87-06, January 1987.
Minerals Management Service, U.S. Department of the Interior Contract NO. 14-12-
0001-30020. Raytheon Service Company Subcontract No. 93330936556. College of
Oceanography, Oregon State University.

Chelton, D.B., P.A. Bernal, and J.A. McGowan. 1982. Large-scale interannual physical and
biological interaction in the California Current. J. Mar. Res. 40:1095-1125.

Chelton, D.B., R.L. Bernstein, A. Bratkovich, and P.M. Kosro. 1987. The central California
coastal circulation study. EOS Trans. AGU. 68(1):12-13.

. 1988. Poleward flow off central California during the spring and summer of 1981 and
1984. J. Geophys. Res. 93(C9):10605.

Coats, D. 1994. Deposition of drilling particulates off Point Conception, CA. Mar. Env. Rev.
37:95-127.

April 2008 5.6-49 Final EIR



5.6 Oceanography and Marine Water Quality

Coats, D.A., M.A. Savoie, and D.D. Hardin. 1991. Poleward flow on the Point Conception
Continental Shelf and its relation to the distribution of oil-drilling particulates and
biological impacts, EOS Trans. AGU 72(44):254.

Continental Shelf Associates, Inc. (CSA). 1985. Assessment of the Long-Term Fate and
Effective Methods of Mitigation of California Outer Continental Shelf Platform
Particulate Discharges. A final report for the U.S. Department of Interior, Minerals
Management Service Pacific OCS Region, Los Angeles, CA. Contract No. 14-12-0001-
30056. 2 Volumes.

. 1993. Draft Environmental Impact Report: SWEPI/UNOCAL Huntington Beach Upper
Main Zone Cooperative Waterflood Project. Submitted to State Lands Commission
January 1993.

. 1995. Final Environmental Impact Report: Subsea Well Abandonment and Flowline
Abandonment/Removal Program. Prepared for: State Lands Commission. June 1995.

County of Santa Barbara (CSB). 1997. Torch Qil Spill — The Response and Cleanup Effort. In:
Offshore Oil and Gas Status Report. County of Santa Barbara Planning & Development,
Energy Division. November, 1997.

. 2001. Torch Point Pedernales Project Final Development Plan 94-DP-027. 1998-2000
Condition Effectiveness Review Revised Final Analysis. Prepared by Santa Barbara
County Planning & Development Department, Energy Division. January 11, 2001.

. 2002. Natural Oil Seeps and Qil Spills.

Crowe, F.J. and R.A. Schwarzlose. 1972. Release and recovery records of drift bottles in the
California Current region, 1955 through 1971. California Cooperative Oceanic Fisheries
Atlas #16, Marine Fisheries Committee, State of California.

Davis, R.E. 1985. Drifter observations of coastal surface currents during CODE: The statistical
and dynamical views. J. Geophys. Res., 90(C3), 4756-4772.

Davis, R.E., J.E. Dufour, G.J. Parks, and M.R. Perkins. 1982. Two Inexpensive Current-
Following Drifters. Scripps Institution of Oceanography, University of California, San
Diego, La Jolla, California. SIO Reference No. 82-28. December 1982.

Denbo, D., K. Polzin, J. Allen, A. Huyer, R. Smith. 1984. Current Meter Observations Over the
Continental Shelf Off Oregon and California: February 1981 - January 1984. Data Report
112, Reference 84-12. Oregon State University College of Oceanography, Corvallis,
Oregon.

de Margerie, S. 1989. Modeling Drill Cutting Discharges. In: Englehart, F.R., Ray, J.P., and
A.H. Gillam, eds. Drilling Wastes. Elsevier Applied Science, New York. pp. 627-646.

Dever, E.P. 2001a. The "97-"98 El Nifio. In: Quality Review Board Minutes Of Meeting No. 7,
7-9 March 2000. Analysis and Acquisition of Observations of the Circulation on the
California Continental Shelf. University of California, San Diego; Scripps Institution of
Oceanography; Center for Coastal Studies, 0209; 9500 Gilman Drive; La Jolla, California
92093-0209. Technical Report Reference No. 01-1 (Published 1 February 2001).
Cooperative Agreement No. 14-35-0001-30571. pp 163-194.

April 2008 5.6-50 Final EIR



5.6 Oceanography and Marine Water Quality

____.2001b. Drifter Observations in the Santa Maria Basin. In: Quality Review Board Minutes
Of Meeting No. 7, 7-9 March 2000. Analysis and Acquisition of Observations of the
Circulation on the California Continental Shelf. University of California, San Diego;
Scripps Institution of Oceanography; Center for Coastal Studies, 0209; 9500 Gilman
Drive; La Jolla, California 92093-0209. Technical Report Reference No. 01-1 (Published
1 February 2001). Cooperative Agreement No. 14-35-0001-30571. pp 237-262.

Dever, E.P. and C.D. Winant. 2002. The evolution and depth structure of shelf and slope
temperatures and velocities during the 1997-1998 El Nino near Point Conception,
California. Progress in Oceanography 54: 77-103.

Dever, E.P., M.C. Hendershott, and C.D. Winant. 1998. Statistical aspects of surface drifter
observations of circulation in the Santa Barbara Channel. Journal of Geophysical
Research 103(C11):24,781-24,797.

. 2000. Near-surface drifter trajectories in the Point Conception area. Proceedings of the
Fifth California Islands Symposium. Sponsored by the Minerals Management Service at
the Santa Barbara Museum of Natural History. OCS Study MMS 99-0038.

Dorman, C.E. 2001. Meteorology of Santa Maria Basin. In: Quality Review Board Minutes Of
Meeting No. 7, 7-9 March 2000. Analysis and Acquisition of Observations of the
Circulation on the California Continental Shelf. University of California, San Diego;
Scripps Institution of Oceanography; Center for Coastal Studies, 0209; 9500 Gilman
Drive; La Jolla, California 92093-0209. Technical Report Reference No. 01-1 (Published
1 February 2001). Cooperative Agreement No. 14-35-0001-30571. pp 93-120.

Dorman, C.E. and C.D. Winant. 1995. Buoy observations of the atmosphere along the west coast
of the United States, 1981-1990. Journal of Geophysical Research 100(C8):16029-16044.

Dugan, J.E., G. Ichikwa, M. Stephenson, D.B. Crane, J. McCall, and K. Regalado. 2005. Final
Report Monitoring of Coastal Contaminants using Sand Crabs. Prepared for Central
Coast Regional Water Quality Control Board.

Dugdale, R.C., and F.P. Wilkerson. 1989. New production in the upwelling center at Point
Conception, California: temporal and spatial patterns. Deep—Sea Research, 36(7):985-
1007.

Environmental Protection Agency (EPA). 2004. General NPDES Permit Number CAG280000.
Authorization to Discharge under the National Pollutant Discharge Elimination System
For Oil And Gas Exploration, Development, and Production Facilities.

Fischer, H.B., E.J. List, R.C.Y. Koh, J. Imberger, and N.H. Brooks. 1979. Mixing In Inland and
Coastal Waters. New York: Academic Press. 483 pp.

Goericke, R., E. Venrick, A. Mantayla, S.J. Bograd, F. B. Schwing, A. Huyer, R. L. Smith, P.A.
Wheeler, R. Hooff, W. T. Peterseon, G. Gaxiola-Castro, J. Gomez-Valdes, B. E,
Lavaniegos, K.D. Hyrenbach, W. J. Sydeman. 2004. The State of the California Current,
2003-2004: A rare "Normal" Year. CalCOFI Rep. 45: 27-59.

Goericke, R., E. Venrick, A. Mantayla, S.J. Bograd, F. B. Schwing, A. Huyer, R. L. Smith, P.A.
Wheeler, R. Hooff, W. T. Peterseon, G. Gaxiola-Castro, C. Collins, B. Marinovic, R.

April 2008 5.6-51 Final EIR



5.6 Oceanography and Marine Water Quality

Durazo, F. Chavez, N. Lo, K.D. Hyrenbach, W. J. Sydeman. 2005. The State of the
California Current, 2004-2005: Still Cool? CalCOFI Rep., 46: 32-71.

Goodman, R.H., D. Simecek-Beatty, and D. Hodgins. 1995. Tracking Buoys for Oil Spills. In:
Proceedings 1995 International Oil Spill Conference (Achieving and Maintaining
Preparedness). February 27 — March 2, 1995, Long Beach, California. American
Petroleum Institute publication No. 4620. pp3-8.

Graham, N.E. and W.B. White. 1988. The El Nifio cycle: a natural oscillator of the Pacific Ocean
atmosphere system. Science 240:1293-1302.

Grimes, D.J., R.W. Atwall, P.R. Brayton, L.M. Palmer, D.M. Rollins, D.B. Roszak, R.L.
Singleton, M.L. Tamplin, and R.R. Colwell. 1986. The fate of enteric pathogenic bacteria
in estuarine and marine environments. Microbiological Sciences 3(11):324-329.

Gunn, J.T., P. Hamilton, H.J. Herring, L.H. Kantha, G.S.E. Lagerloef, G.L. Mellor, R.D.
Muench, and G.R. Stegen. 1987. Santa Barbara Channel Circulation Model and Field
Study. Volumes 1 and 2. Prepared for the U.S. Department of the Interior, Minerals
Management Service, Pacific OCS Region under Contract Number 14-12-0001-29123.
September 1987.

Harms, S. and C. D. Winant. 1994. Synthetic subsurface pressure derived from bottom pressure
and tide gauge observations. Journal of Oceanic and Atmospheric Technology
11(6):1625-1637.

. 1998. Characteristic patterns of the circulation in the Santa Barbara Channel. Journal of
Geophysical Research 103(C2):3041-3065.

Hendershott, M.C. 2001. Observations of Circulation in the Santa Maria Basin. In: Quality
Review Board Minutes Of Meeting No. 7, 7-9 March 2000. Analysis and Acquisition of
Observations of the Circulation on the California Continental Shelf. University of
California, San Diego; Scripps Institution of Oceanography; Center for Coastal Studies,
0209; 9500 Gilman Drive; La Jolla, California 92093-0209. Technical Report Reference
No. 01-1 (Published 1 February 2001). Cooperative Agreement No. 14-35-0001-30571.
pp 93-120.

Hendershott, M.C. and C. D. Winant. 1996. Surface Circulation in the Santa Barbara Channel.
Oceanography 9(2):14-121.

Hickey, B.M. 1979. The California Current System — Hypotheses and Facts. Progr. Oceangr.,
8:191-279.

. 2000. River Discharge Plumes In The Santa Barbara Channel. Proceedings of the Fifth
California Islands Symposium. Sponsored by the Minerals Management Service at the
Santa Barbara Museum of Natural History. OCS Study MMS 99-0038.

Hyland, J.L., J. Kennedy, J. Campbell, S. Williams, P. Boehm, A. Uhler, and W. Steinhauer.
1989. Environmental effects of the Pac Baroness oil and copper spill. In: Proceedings of the
1989 Qil Spill Conference, San Antonio, Texas; API, EPA, and USCG. pp. 413-4109.

Hyland, J., D. Hardin, E. Crecelius, D. Drake, P. Montagna and M. Steinhauer. 1990. Monitoring
long-term effects of offshore oil and gas development along the southern California outer

April 2008 5.6-52 Final EIR



5.6 Oceanography and Marine Water Quality

continental shelf and slope: background environmental conditions in the Santa Maria
Basin. Oil and Chem. Pollut. 6:195-240.

Hyland, J., D. Hardin, M. Steinhauer, D. Coats, R. Green, and J. Neff, 1994. Environmental
Impact of Offshore Oil Development on the Outer Continental Shelf and Slope off Point
Arguello, California, Marine Environmental Research. VVol. 37(1994): 195-229.

Jensen, R.E., J.M. Hubertz, and J.B. Payne. 1989. Pacific Coast Hindcast Phase 11l North Wave
Information, Wave Information Studies of U.S. Coastlines. March 1989, Final Report.
WIS Report 17, Coastal Engineering Research Center, Department of the Army,
Waterways Experiment Station, Corps of Engineers, Vicksburg, Mississippi. 600pp.

Kinnetic Laboratories, Inc. (KLI). 1996. Unocal Santa Maria Refinery NPDES Receiving Water
Ocean Monitoring Program, 1995. Prepared for Unocal Corporation, Arroyo Grande,
California. 31pp+appendices.

Long, E.R. and L.G. Morgan. 1991. The Potential for Biological Effects of Sediment-Sorbed
Contaminants Tested in the National Status and Trends Program. NOAA Technical
Memorandum NOS OMA 52. 175 pp. U.S. Dept. of Commerce National Oceanographic
and Atmospheric Administration (NOAA).

Long, E.R., D.D. MacDonald, S.L. Smith, and F.D. Calder. 1995. Incidence of adverse
biological effects within ranges of chemical concentrations in marine and estuarine
sediments. Env. Management. 19(1):81-97.

Lunel, T. 1995. Dispersant Effectiveness at Sea. In: Proceedings 1995 International Oil Spill
Conference (Achieving and Maintaining Preparedness). February 27 — March 2, 1995,
Long Beach, California. American Petroleum Institute publication No. 4620. pp 147-155.

Marine Research Specialists (MRS). 1996. City of Morro Bay and Cayucos Sanitary District,
Offshore Monitoring and Reporting Program, 1995 Annual Report. Prepared for the City
of Morro Bay, Morro Bay, California. February, 1996. 173 pp.

. 2000. Supplemental Environmental Report: Source of Metal Contamination within the
Seafloor Sediments of Northern Estero Bay, October 2000. City of Morro Bay and
Cayucos Sanitary District Offshore Monitoring and Reporting Program. December 2000.

. 2001. City of Morro Bay and Cayucos Sanitary District, Offshore Monitoring and
Reporting Program, 2000 Annual Report. Prepared for the City of Morro Bay, Morro
Bay, California. February 2001. 867 pp.

MacDonald, D.D. 1993. Development of an Approach to the Assessment of Sediment Quality in
Florida Coastal Waters. Prepared by MacDonald Environmental Sciences, Ltd. of
Ladysmith, British Columbia for the Florida Department of Environmental Regulation,
Tallahassee, Florida. Two volumes.

McDonald, J.L. 1995. The Morris J. Berman spill - MSRC’s offshore operations. In:
Proceedings 1995 International Oil Spill Conference (Achieving and Maintaining
Preparedness). February 27 — March 2, 1995, Long Beach, California. American
Petroleum Institute publication No. 4620. pp701-706.

April 2008 5.6-53 Final EIR



5.6 Oceanography and Marine Water Quality

Miller, C.D., S.R. Signorini, L.E. Borgman, D.W. Denbo, and C.E. Dorman. 1991. An initial
statistical characterization of the variability of coastal winds and currents. Prepared for:
U.S. Department of the Interior, Minerals Management Service, Pacific OCS Region.
OCS Study MMS 91-0091.

Minerals Management Service (MMS). 2001. Delineation Drilling Activities in Federal Waters
Offshore Santa Barbara County, California. Draft Environmental Impact Statement. U.S.
Department of the Interior, Minerals Management Service, Pacific Outer Continental
Shelf Region, OCS EIS/EA MMS 2001-046.

Minerals Management Service (MMS). 2005. Environmental Information Document for Post-
Suspension Activities on the Nine Federal Undeveloped Units and Lease OCS-P-0409
Offshore Santa Barbara, Ventura, and San Luis Obispo Counties. U.S. Department of the
Interior, Minerals Management Service, Pacific Outer Continental Shelf Region, OCS.

Morro Group, Inc. 2000. MFS Globenet Corp./WorldCom Network Services Fiber Optic Cable
Project Final Environmental Impact Report. SCH No. 98091053. Volume I. Submitted to:
County of San Luis Obispo Department of Planning and Building. Prepared in
association with Arthur D. Little, Inc. and Marine Research Specialists. January 2000.

National Oceanographic Data Center (NODC). 1992. Key to Oceanographic Records
Documentation No. 14. U.S. Department of Commerce, National Oceanic and
Atmospheric Administration. Second Edition. March 1992.

Neff, J.M. 1997. Potential for Bioaccumulation of Metals and Organic Chemicals from Produced
Water Discharged Offshore in the Santa Barbara Channel, California: A Review. Report
prepared for the Western States Petroleum Association, Santa Barbara, CA.

Noble Consultants. 1995. Nearshore Hydrodynamic Factors and Wave Study of the Orange
County Coast, Draft Report. Prepared for the U.S. Army Corps of Engineers, Los
Angeles District.

Oey, L-Y., C. Winant, E. Dever, W.R. Johnson, D-P. Wang. 2004. A model of the near-surface
circulation of the Santa Barbara Channel: Comparison with observations and dynamical
interpretations. Journal of Physical Oceanography 34: 23-43.

Panzer, D. 2000. Monitoring Wastewater Discharges from Offshore Oil and Gas Facilities in the
Santa Barbara Channel and Santa Maria Basin. Proceedings of the Fifth California
Islands Symposium. Sponsored by the Minerals Management Service at the Santa
Barbara Museum of Natural History. OCS Study MMS 99-0038.

Pickens, M.K. 1992. The transport and Long-Term Fate of Drilling Muds Discharged in Marine
Environments. Ph.D. Dissertation. University of California, Santa Barbara. September
1992.

Pidgeon, E.J. and C.D. Winant 2005. Diurnal variability in currents and temperature on the
continental shelf between central and southern California. Journal of Geophysical
Research 110.

Plains Exploration and Production Company (PXP). 2004. Core Qil Spill Response Plan for
Operations in the Point Arguello and Point Pedernales Fields Onshore Facilities and
Associated Pipelines.

April 2008 5.6-54 Final EIR



5.6 Oceanography and Marine Water Quality

. 2005. County Supplement to Core Oil Spill Response Plan for Operations on the Point
Pedernales Onshore 20-Inch Wet Qil Pipeline.

Reed, M., C. Turner, M. Spaulding, K. Jayko, D. Dorson, and @. Johansen. 1988. Evaluation of
satellite-tracked surface drifting buoys for simulating the movement of spilled oil in the
marine environment. Prepared for the U.S. Department of Interior, Minerals Management
Service, Reston, Virginia. OCS Study MMS 87-0071.

Reid, J.L. 1965. Physical oceanography of the region near Point Arguello. Technical report,
Institute of Marine Resources, University of California, La Jolla, IMR Ref. 75-19, 30pp.

Rechnitzer, A.B. and C. Limbaugh. 1956. An Oceanographic and Ecological Investigation of the
Area Surrounding the Union Oil Company, Santa Maria Refinery Outfall, Oso Flaco,
California. September 24, 1956. Prepared for the State Water Pollution Control Board,
Standard Service Agreement No. 12D-15; prepared by the University of California
Institute of Marine Resources, La Jolla, California. IMR Reference 56-5. 46pp+figures.

__ . 1959. An Oceanographic and Ecological Investigation of the Area surrounding the Union
Oil Company, Santa Maria Refinery Outfall, Oso Flaco, California (Revised). October
20, 1959. Prepared for the State Water Pollution Control Board, Standard Service
Agreement No. 12D-15; prepared by the University of California Institute of Marine
Resources, La Jolla, California. IMR Reference 59-13. 67pp.

Regional Water Quality Control Board (RWQCB) - Central Coast Region. 1994. Water Quality
Control Plan (Basin Plan) Central Coast Region. Available from the RWQCB at 81
Higuera Street, Suite 200, San Luis Obispo, California. 148pp-+appendicies.

. 1999. Inactive Metal Mines in Four San Luis Obispo County Watersheds: Surface Water
Quality Impacts and Remedial Options. Prepared by: D. Schwartzbart, D. Kukol, G.
Hubner. June 1999.

Santa Ynez River Technical Advisory Committee (SYRTAC). 1999. Lower Santa Ynez River
Fish Management Plan. Prepared for the Santa Ynez River Consensus Committee. Public
Review Draft. April 10, 1999.

Savoie, M.A., D.A. Coats, P. Wilde, and P. Kinney. 1991. Low-Frequency Flow Variability on
the Continental Shelf Offshore Point Conception. In: Minerals Management Service,
1991. California OCS Phase Il Monitoring Program Final Report. U.S. Department of the
Interior, Minerals Management Service, Pacific OCS Region, Los Angeles, California.
OCS Study MMS 91-0083. 41pp.

Science Applications International Corporation (SAIC). 2000. Ocean Discharge Criteria
Evaluation South and Central California for NPDES Permit No. CA2800000. Submitted
to U.S. Environmental Protection Agency. EPA Contract No. 68-C4-0034, WA No. IM-
5-30. January 3, 2000.

_.1995. Appendix A: Physical Oceanography (Currents, Waves, Tides, Winds, Satellite
Imagery, Physical Measurements Arrays, and Particle Transport Modeling). In: Minerals
Management Service. 1995. Monitoring Assessment of Long-Term Changes in
Biological Communities in the Santa Maria Basin: Phase 111, Final Report. Report

April 2008 5.6-55 Final EIR



5.6 Oceanography and Marine Water Quality

submitted to the U.S. Department of the Interior, Minerals Management Service/National
Biological Service, under Contract No. 14-35-0001-30584. OCS Study MMS 95-0049.

___.2000. Ocean Discharge Criteria Evaluation South and Central California for NPDES
Permit No. CA2800000. Submitted to U.S. Environmental Protection Agency
Headquarters, Washington, D.C. and U.S. Environmental Protection Agency, Region 9,
San Francisco, CA. EPA Contract No. 68-C4-0034, WA No. IM-5-30. January 3, 2000.

Schiff, K.C. and R.W. Gossett. 1998. Southern California Bight 1994 Pilot Project: 111. Sediment
chemistry. Southern California Coastal Water Research Project. Westminster, CA.

Schwartzlose, R.A. and J.L. Reid. 1972. Near-shore circulation in the California Current.
CalCOFI Report 16:57-65.

Schwing, F.B., G. Gaxiola-Castro, J. Gomez-Valdez, P.M. Kosro, A. Mantayla, R.L. Smith, S.J.
Bograd, J. Garcia, A. Huyer, B.E. Lavaniegos, M.D. Ohman, W.J. Sydeman, P.A.
Wheeler, C.A. Collins, R. Goericke, K.D. Hyrenbach, R.J. Lynn, W.T Peterson, E.
Venrick. 2002. The State of the California Current, 2001-2002: Will the California
Current System Keep its Cool or is EI Nino Looming? CalCOFI Report 43: 31-68.

Scripps Institution of Oceanography (SIO). 2000. CalCOFI Data Report, Physical, Chemical and
Biological Data: CalCOFI Cruise 0001 (7 — 27 January 2000) and CalCOFI Cruise 0004
(7 — 29 April 2000). SIO Reference 00-16. 21 October 2000. 101 pp.

Seymour, Richard. 1996. Wave climate variability in Southern California. Jour. Waterway, Port,
Coastal, and Ocean Engineering, ASCE 122(4):182-186; July-August.

Sheres, D., and K.E. Kenyon. 1989. A double vortex along the California coast. Journal of
Geophysical Research, 94(C4):4989-4997.

Simecek-Beatty, D. 1994. Tracking of oil spills by ARGOS-satellite drifters: A comparison. In:
Proceedings of the Second Thematic Conference on Remote Sensing for Marine and
Coastal Environments. pp 423-434.

Southern California Coastal Water Research Project (SCCWRP). 1994. Estimated Discharges
from Offshore Oil Platforms in the Southern California Bight in 1990. In: Annual Report,
1992-93. Southern California Coastal Water Research Project Authority, Long Beach,
CA. 166 pp.

Strub, P.T., J.S. Allen, A. Huyer, and R.L. Smith. 1987a. Seasonal cycles of currents,
temperatures, winds, and sea level over the northeast Pacific continental shelf: 35°N to
48°N. Journal of Geophysical Research, 92(C2):1507-1526.

. 1987b. Large-scale structure of the spring transition in the coastal ocean off western North
America. Journal of Geophysical Research, 92(C2):1527-1544.

State Water Resources Control Board (SWRCB). 1988. California State Mussel Watch Ten Year
Data Summary 1977 - 1987. May 1988. Water Quality Monitoring Report No. 87-3,
Division of Water Quality. 313 pp+appendices.

. 2005. Water Quality Control Plan, Ocean Waters of California, California Ocean Plan.
California Environmental Protection Agency. Effective February 14, 2006.

April 2008 5.6-56 Final EIR



5.6 Oceanography and Marine Water Quality

Steinhauer, W., E. Imamura, J. Roberts, J. Neff. 1992. History of Drilling Operations and
Discharges in the Point Arguello Field, Offshore Southern California. Oil and Gas
Journal, VVol. 90(18):20.

Steinhauer, M., E. Crecelius, and W. Steinhauer. 1994. Temporal and spatial changes in the
concentrations of hydrocarbons and trace metals in the vicinity of an offshore production
platform. Mar. Environ. Res. 37:129-163.

Svejkovsky, J. 1988. Sea surface flow estimation from advanced very high resolution radiometer
and coastal zone color scanner satellite imagery: a verification study. Journal of
Geophysical Research, 93:6735-6743.

Taft, D.G., D.E. Egging, and H.A. Kuhn. 1995. Sheen Surveillance: An Environmental
Monitoring Program Subsequent to the 1989 Exxon Valdez Shoreline Cleanup. In: Exxon
Valdez Oil Spill: Fate and Effects in Alaskan Waters, ASTM STP 1219, P.G. Wells, J.N.
Butler, and J.S. Hughes, Eds., American Society for Testing and Materials, Philadelphia.

Torch Operating Company. 2000. Oil Spill Response Plan for Operations on Torch Platform
Irene and Point Pedernales 20-inch Wet Qil Pipeline. Owner: Nuevo Energy Company,
1800 30™ Street, Suite 200, Bakersfield, California 93301. October 2000.

United States Army Corps of Engineers (USACOE). 1984. Shore Protection Manual. Volume 1.
Coastal Engineering Research Center, U.S. Department of the Army, Waterways
Experiment Station, Corps of Engineers (COE), Vicksburg, Mississippi.

Venrick, E., R. Durazo, A. Huyer, A. Mantayla, W.J. Sydeman, S.J. Bograd, G. Gaxiola-Castro,
K.D. Hyrenbach, F.B. Schwing, D. Checkley, J. Hunter, B.E. Laveniegos, R.L. Smith,
P.A. Wheeler. 2003. The State of the California Current, 2002-2003: Tropical and
Subarctic Influences Vie for Dominance. Cal COFI Report 44: 28-60.

Winant, C.D., and C.E. Dorman. 1997. Seasonal patterns of surface wind stress and heat flux
over the Southern California Bight. Journal of Geophysical Research 102(C3): 5641-
5653.

Winant, C.D., D.J. Alden, E.P. Dever, K.A. Edwards and M.C. Hendershott. 1999. Near-surface
trajectories off central and southern California. Journal of Geophysical Research,
104(C7): 15713-15726.

Winant, C.D., E.P. Dever, and M.C. Hendershott. 2003. Characteristic patterns of shelf
circulation at the boundary between central and southern California. Journal of
Geophysical Research 108.

April 2008 5.6-57 Final EIR



5.6 Oceanography and Marine Water Quality

121° 30"

Source: MRS, 2002.

IZI"OO'

| | 1 1
35030 T T RN
R l\. AN \\Pr Estero
! VO A \ R \Q\\‘“ .
I' I\‘\ Y II'. 500m 4%?0 : \\\\\\.\\ %fam \ MB/C
RN 38"? 200 mﬂ\ ,°f NS&T(ESTBY)
J \ I \‘\ \\\ |°‘|T\':
] \ . N\ E:fterp Fay L
| _ﬂ\ '\_I \ % N /
AT ' \ 'fPt Buchon
N oS { \\ \\
Y N Q‘%\\(SLsL} Avila
Ve { g SM“(438} lL_
\ |/ I\ | \. {SLU \\\OJ T SMW(437)
F { S
o 50l2r<l"~\ \(49Pg}0 (Rs).ﬁ"MPRh)- Riw 77.49) 'l”"'SSLO
\ b \ CaILOH | o
.;‘\l‘\ \ Ir\' QBC-S\IB—-?T 5“.‘&/ | | ) i
350 00'_'/| ) ‘% \\\ ) [ | \ ((((S(Fﬁ)p :||' N
[ B\ ._.' .;' (w)tm p| ," / Santa Maria River
I (" ! R ;
2\ = Cakcoum 55) '\ \ 3 Pt Sal
= | = | CQ E‘d N
; SN\ ﬁ@ \ u(R7) \é‘;ll’}' ({tﬁung B N
3 _ s) \S | Jlrf'l 0 % ‘\\ - \ |I "I I."I B
./\.//} \\_/r'\\‘?’ \ S IT*IB -> o! Yoo 9 \ o/
e - e L\ oeus pLing \ [/ 0 miles 10
= (\ a & A & a A A Bathymetry in meters
aansp | RS J '
T '._ i(‘“%' Supe .
\\ P cpm{. Q',,\‘ i/ -
W\ AT
\‘“\ " : | Pt. Arguello
_ \\\_“.\_\ \-,Il\ y l \’3‘M “\MQH .g
. \\_\\\_ : J\\“. CalCOFI(80.51)
W \ \.\\”.\\\ % Q?ﬁﬁl::{};;}ll \‘\__\ B
! \ \§ "f Apr) :
D\ /\\ Brse kmﬁsﬁﬂ’ﬁl \wcPTa = |

Longitude
Acronyms for the studies shown in this Figure are defined in Table 5.6.1.
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