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EXECUTIVE SUMMARY

This report was prepared for the Southwest Division Naval Facilities Engineering Command (SWDIV) to
present the findings from the 2001 field investigation at the Alameda Point Skeet Range (Installation
Restoration [IR] Site 29) and identify potential areas requiring further evaluation in the Feasibility Study
(FS). The primary objectives of this Remedial Investigation (RI) report was to evaluate the offshore
sediment quality at the Skeet Range, identify areas of unacceptable risk based on the human health and
ecological risk assessments, and delineate the areas requiring evaluation in the Feasibility Study (FS)
based on the data collected from the recent field effort implemented in 2001.

The Skeet Range was historically developed offshore as two active shooting ranges (northern and
southern) for approximately 30 to 40 years until its closure in 1993. A majority of the lead shot located in
the Skeet Range sediment occurs at approximately 5 to 10 ft below mean low water. Petroleum pitch
binding agents were used in the manufacture of clay targets and are the suspected source of poly-
chlorinated aromatic hydrocarbons (PAHs) found in sediment. Based on the historical practices that
occurred at the Skeet Range, lead shot and PAHs appear to be the primary contaminants attributable to
historical Skeet Range activities.

Data collected from the recent 2001 field investigation were used in the ecological risk assessment and
human health conceptual site model (CSM) to determine potential adverse health effects associated with
exposure to lead shot and PAHs found in sediment. Two additional studies were conducted as part of the
2001 investigation to determine if the source of PAHs is related to the dissolution of clay target fragments
and to determine sediment accretion rates at the Skeet Range. PAH fingerprinting techniques were
employed to characterize the unique signature of PAH constituents within the clay target fragments in
comparisons to measured levels of PAHs in sediment. The chemical composition of sediment and frag-
ment samples were then evaluated using a Principal Component Analysis (PCA), which groups chemical
similarities or differences, without any preclassification as to their nature/source(s). The PCA revealed
that nearly all of the sediment samples were chemically distinct from the chemical composition of clay
target fragments, which led to the conclusion that the organic binder in clay fragments was not the source
of PAHs in the sediment. A further ancillary investigation to determine the source of PAHs indicated that
the Skeet Range sediments are likely a mixture of San Francisco Bay background sediment and trace
levels of tar from a former manufactured gas plant.

The sediment dynamics study focused on analysis of radioisotopes Pb-210 and Cs-137 in three cores to
estimate sediment accumulation rates. The objective of the study was to determine the amount of Pb-210
formed by the radioactive decay of its gaseous parent, Rn-222, by using a half-life of Pb-210 of

22.3 years. Based on the core data, the net sediment accumulation rate was estimated to be between

0.65 and 1.0 cm/yr. The horizontal and vertical distribution of shot supports the hypothesis that lead shot
has not been transported significant distances and that gradual burial is occurring.

To evaluate potential risks to ecological receptors, a tiered process was used that encompasses the eight
steps consistent with the U.S. EPA and Navy guidelines. In the first tier, a screening-level ecological risk
assessment (SLERA) was conducted which included a development of the CSM, identification of
chemicals of potential ecological concern (COPECs), and screening-level dose assessment using con-
servative assumptions. Lead shot and PAHs from clay targets are preliminary COPECs, and direct
exposure to these compounds is considered the primary release mechanism and exposure route. Benthic-
feeding birds (e.g., scaups and scoters) were identified as the receptors of concern at the Skeet Range
because their life histories suggest that, during foraging, these receptors may ingest lead shot from sedi-
ment within the grit size range either inadvertently or intentionally selected for use as grit. In order to
evaluate potential effects associated with exposure to lead shot, a conservative toxicity reference value
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(TRYV) for lead shot was proposed in the SLERA; no TRVs were developed for PAHs due to lack of
toxicity and effects data for avian species.

To assess the potential for exposure to lead shot, the probability that a bird may ingest a lead shot within
the grit size range while foraging for grit was estimated. A site-specific probability model was developed
using a binomial probability expansion formula that estimates the likelihood that a bird may ingest either
grit or lead shot within the grit size range at every attempt. Using field collected data to estimate the
abundance of lead shot by area and conservative values for site use factor (SUF), amount of grit ingested,
and grit/shot retention time, the model was run to estimate the probability that an individual bird will
ingest the TRV daily dose of lead shot at the Skeet Range. Use of conservative exposure parameters,
including a SUF of 1, generated risk probabilities for lead shot that exceeded the population risk level
threshold of 107 at approximately half of the stations. Because of the conservatism inherent in the
SLERA, a finding of unacceptable risk indicates that additional evaluation is necessary to refine the risk
estimates based on site-specific conditions to more accurately characterize potential risks to diving ducks
at the site. These refined estimates were generated in the BERA.

The goal of the BERA is to use protective assumptions to refine the modeling. To address the (1) uncer-
tainty associated with the exposure and effects parameters used to estimate risk in the SLERA, and (2) the
conservatism in the SLERA that resulted in a worst-case estimate of risk that has a negligible chance of
occurring, a refinement to these parameters was conducted in the BERA. To aid in this refinement, a
Monte Carlo analysis was conducted to evaluate the effects of uncertainty in input variable values for the
binomial probability risk model and the sensitivity of the predictive capability of the model to the input
variables. In Monte Carlo analyses, a larger number of scenarios can be evaluated based upon a range of
continuous input values for each model parameter. Input values are randomly drawn from each input
variable’s distribution to generate a value for the model output variable. This process is then repeated
multiple times to derive a distribution of values for the output variable.

Distributions were developed for the input parameters to the binomial probability model, including the
lead shot NOAEL. A site-wide estimate of the probability of an individual bird encountering lead shot
also was generated to account for spatial variation of lead shot found throughout the site using a

95 percent upper confidence limit (9SUCL) on the mean of sample location probabilities.

Monte Carlo analysis methods were used to evaluate the remaining uncertainty and natural variability in
model exposure parameters and characterize the potential for risk to diving ducks at Alameda Point.
Based on this refined, yet still conservative assessment, there is very limited potential for unacceptable
risk from exposure to lead shot posed to the avian community that may use the site. The results of the
analysis showed that, approximately 96 percent of the time, less than 1 in 1,000 birds foraging at the site
would potentially be at risk. Exposure of diving ducks to lead shot may even be more limited given the
thick mats of Ampelisca tubes found on the surface of all the samples collected from the Skeet Range.

Although exposure to PAHs were not quantitatively evaluated, any potential risks associated with expo-
sure to these compounds should not be significantly different from prevailing conditions throughout much
of San Francisco Bay Area, given that a majority of the stations had PAH concentrations within ambient
concentrations. Additionally, it is unlikely that clay targets are the source of the PAHs measured in the
sediment at the site.

The human health CSM identifies the conditions of exposure and likely scenarios in which human recep-
tors may come in contact with impacted sediment at the Skeet Range. Due to the offshore location of lead
shot and clay targets, direct human exposures are limited because access to the site is restricted. Under a
future land use scenario when the site is developed into an open space and/or recreational park, the riprap
along the shoreline will deter access to the beach areas and minimize potential direct exposures to
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recreational users. Indirect exposures via fishing may occur on the property; however, there is no
evidence that PAHs biomagnify in aquatic food webs or bioaccumulate in vertebrate species. It also is
unlikely that any fish species will ingest lead shot from the surface of the sediment because the thick mat
of Ampelisca tubes reduces bioavailability of these contaminants through the food chain. Therefore, risks
to human receptors from exposures to PAHs and lead shot are considered de minimis.

Based on all these considerations, de minimis risks are associated with exposure to this site based on the
ecological and human health assessments. Because the PAH levels are indicative of background levels
and majority of the lead shot is gradually buried, exposures to sediment do not pose a health threat to
current or future human receptors and the environment. Consequently, a no further action determination
is recommended for this site.
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ABBREVIATIONS AND ACRONYMS

AE assessment endpoint

ALAD d-aminolevulinic acid dehydratase

ARRA Alameda Reuse and Redevelopment Authority
ATSDR Agency for Toxic Substances and Disease Registry
AWQC ambient water quality criteria

BDO Battelle Duxbury Operations (laboratory)

BERA baseline ecological risk assessment

BPTCP Bay Protection and Toxic Hot Spot Cleanup Program
BTAG Biological Technical Assistance Group

CDFG California Department of Fish and Game
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act
CNO Chief of Naval Operations

COPEC contaminant of potential ecological concern

CSM conceptual site model

DO dissolved oxygen

DON United States Department of the Navy

DQO data quality objective

DUP field duplicate

ERA Ecological Risk Assessment

ER-L effects range-low

ER-M effects range-median

FMGP former manufactured gas plant

FS Feasibility Study

HPAH high-molecular-weight PAH

ID identification

IR Installation Restoration

LPAH low-molecular-weight PAH

ME measurement endpoint

MLLW mean lower low water

NA not applicable

NAD North American Datum

NAS Naval Air Station

NEESA Naval Energy and Environmental Support Activity
NOAA National Oceanic and Atmospheric Administration
NOAEL no observed adverse effects level

NR not recorded

ou Operable Unit
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1.0 INTRODUCTION

This report was prepared for the Southwest Division Naval Facilities Engineering Command (SWDIV)
under Contract No. GS-10F-0275K to present the findings from the 2001 field investigation at the
Alameda Point Skeet Range (Installation Restoration [IR] Site 29), and provides a recommendation in this
Remedial Investigation (RI) for the offshore sediment based on interpretation of these results. The RI is
being performed under the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCILA) to support the transfer and reuse of the property by the Alameda Reuse and Redevelopment
Authority (ARRA).

1.1 Site Background

A description of the site history and physical setting is presented below followed by a brief description of
the previous site investigations performed at the Skeet Range.

1.1.1  Site Description and Physical Setting
The Skeet Range is located on the northwestern corner of former Naval Air Station (NAS) Alameda (now

referred to as Alameda Point). The Skeet Range extends approximately 800 ft offshore into the San
Francisco Bay with dimensions of about 1,300 ft by 800 ft (see Figure 1-1). The area is exposed to wind
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Figure 1-1. Site Map of Alameda Point
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and wave action from San Francisco Bay (TtEMI, 2000). Based on a current bathymetry map of Skeet
Range from 2001 acoustic imaging (Figure 1-2), the bottom of the range is a broadly uniform, gentle
slope with water depths ranging from <5 ft (<1.5 m) to about 12 ft (3.7 m). The majority of the Skeet
Range fall zone is between 1.5 to 3 m deep. The adjacent onshore area consists of fill material dredged
from San Francisco Bay coastal mudflats, marshlands, and sloughs in the 1930s and 1940s. The onshore
area has relatively flat topography and most of the shoreline is lined with riprap and former concrete
ramp. No significant streams, rivers or other surface water bodies discharge into the bay in the vicinity of
Skeet Range.

Table 1-1 presents the grain size data for surface sediment samples collected at the Skeet Range from
historical investigations. Percent fines (i.e., percent silt-plus clay-sized particles) increases with
increasing distance from the shore, from fine to medium sand in the near-shore area to clayey silt further
offshore. Although this gradient is not completely uniform across the entire study area, the overall trend
shows an increase in percent fines with increasing distance from shore. For example, the five stations with
the percent fines <50% (SKB004, SKBO11, SR001, SR003, SR004) are all near-shore stations located at a
depth of 5-10 feet below water surface (Figure 1-3). The stations with the next highest percent-fines
(56.5% at SR002 and 67.6% at SKB003) are also near-shore stations. Conversely, stations with percent
fines >90% (SKBO010, SRO11 and SR012) are the farthest offshore stations and are located at a depth of
10-15 feet below water surface. Some beach area is exposed near the Skeet Range during low tide;
however, the access to the onshore portion of Skeet Range and IR Site 1 is restricted to authorized Navy
personnel.
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Table 1-1. Surface Sediment Grain Size Data from Previous Investigations

Sample % % %
Interval % Coarse | Medium | Fine % % %

Station (ft) Gravel | Sand Sand | Sand | Silt | Clay | Fines® | Sediment Type
SKB001 0-15 0 0 0.2 19.7 47.9 32.2 80.1 clayey sandy silt
SKB002 0-1.3 0 0 0.2 20.8 44.0 35.0 79.0 clayey sandy silt
SKB003 0-1.3 0 0 0.3 32.1 43.9 | 23.7 67.6 sandy clayey silt
SKB004 0-1.5 0 0 2.9 56.3 25.0 15.8 40.8 silty clayey sand
SKB005 0-1.3 0 0 0.3 20.8 58.4 20.5 78.9 sandy clayey silt
SKBO006 0-13 0 0 0.0 19.9 47.9 32.2 80.1 clayey sandy silt
SKB007 0-13 0 0 0.2 234 44.8 31.6 76.4 clayey sandy silt
SKB008 0-1.3 0 0 0.0 16.6 46.1 37.3 83.4 clayey sandy silt
SKB009 0-1.3 0 0 0.3 13.5 50.1 36.1 86.2 clayey sandy silt
SKB010 0-14 0 0 0.0 4.9 62.0 33.1 95.1 clayey silt
SKBO11 0-13 0 0 11.9 55.7 20.8 11.6 32.4 silty clayey sand
SKB012 0-1.3 0 0 0.9 16.5 56.1 26.5 82.6 clayey sandy silt
SR001 0-13 0 0 1.3 58.5 14.5 25.7 40.2 clayey silty sand
SR002 0-14 0 0 1.0 42.5 34.6 21.9 56.5 silty clayey sand
SR003 0-13 0 0 1.5 51.2 13.2 34.1 47.3 clayey silty sand
SR004 0-14 0 0 0.9 52.3 30.0 16.8 46.8 silty clayey sand
SR005 0-14 0 0 0.8 26.6 49.6 23.0 72.6 sandy clayey silt
SR006 0-14 0 0 0.2 13.1 60.8 25.9 86.7 clayey sandy silt
SR007 0-14 0 0 0.6 17.2 50.6 31.6 82.2 clayey sandy silt
SR008 0-13 0 0 0.8 16.1 49.6 33.5 83.1 clayey sandy silt
SR009 0-14 0 0 2.0 17.2 44.0 36.8 80.8 clayey sandy silt
SR010 0-14 0 0 0.1 18.9 46.5 34.5 81.0 clayey sandy silt
SRO11 0-14 0 0 0.2 9.8 45.4 44.6 90.0 clayey silt
SR012 0-1.4 0 0 1.4 8.0 47.6 43.0 90.6 clayey silt

(a) % fines = % silt + % clay.

Historically, the IR Site 1 disposal/landfill area located east of the range was part of the open bay until fill
materials were deposited from the early 1940s to 1956 (PRC, 1996). The area subsequently was filled
with dredge spoils to form its present topography. The landfill reportedly received all waste generated at
Alameda Point except for wastewater which was discharged directly to Seaplane Lagoon via the storm
sewer system. It is estimated that 15,000 to 200,000 tons of solid waste were disposed of in the landfill
including old aircraft engines, cables, scrap metals, waste oil, paint waste, solvents, cleaning compounds,
construction debris, ashes from incinerator located in former Building 68 (demolished in 1961) near IR
Site 7, and low-level radioactive material from the Naval Air Rework Facility (NEESA, 1983). The Navy
Public Works Department employed open burning as the primary waste disposal method starting in the
early 1950s.

Burn residue was pushed into San Francisco Bay with a bulldozer that extended the shoreline westward.
Logs for borings drilled during the Solid Waste Assessment Test (SWAT) program indicate that the
shoreline was filled with burned and unburned refuse and a thin covering of sand. Chemicals detected in
surface soil (0 to 2 feet below ground surface) include metals, polycyclic biphenyls (PCBs), pesticides,
polycyclic aromatic hydrocarbons (PAHs), and volatile organic compounds (VOCs). To detect if
potential offsite migration may be occurring, groundwater monitoring wells were installed on the western
perimeter of the site in 2002. Chemicals detected during the quarterly sampling from these wells include
metals, PAHs, and VOCs. A Feasibility Study is currently being developed for IR Site 1 that will
consider alternatives to address potential migration of contaminants from the landfill.
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The Skeet Range was developed offshore as an active shooting range for approximately 30 to 40 years until
it ceased operations in 1993. The Skeet Range consisted of two shooting ranges (northern and southern)
located roughly 1,500 ft south of the mouth of the Oakland Inner Harbor. During shooting activities, lead
shot was discharged at clay targets in a westward direction towards San Francisco Bay. Most of the lead
shot located in Skeet Range sediments occurs at approximately 5-10 ft below mean low water (TtEMI,
2000). Petroleum pitch binding agents were used in the manufacture of clay targets and are the suspected
source of PAHs found in sediment. Based on the historical practices that occurred at the Skeet Range,
lead shot and PAHs appear to be the two primary contaminants attributable to Skeet Range activities.

Proposed future land use of the onshore areas adjacent to the Skeet Range consist of recreation and open
space including a Bay Trail, shoreline park, and Point Alameda Regional Park (ARRA, 1996). The Bay
Trail is the main feature planned to run the length of Oakland Alameda Estuary to allow full public access
to the shoreline, whereas the tip of Alameda Point will be preserved as a regional park for fishing and
other recreational uses. South of the point, the open areas will be used for recreational sports including
potential construction of soccer and baseball fields and a golf course.

1.1.2 Hydrodynamic Setting

Circulation offshore of the Skeet Range is driven primarily by tidal currents and winds. The tidal cycle
consists of two high and two low tides per day of unequal amplitude. The tides in the vicinity of the
Skeet Range vary from approximately —0.5 m mean lower low water (MLLW) to +2.4 m during extreme
spring tides. Site-specific tidal current measurements are not available; however, tidal current data for the
entrance to Oakland Inner Harbor indicate that ebb currents are stronger than flood currents, with peak
ebb tidal currents ranging from approximately 0.3 to 1.2 m/s and peak flood tidal currents ranging from
about 0.3 to 0.7 m/s (NOAA, 2004). Field measurements of current speeds at the Oakland Inner Harbor
entrance indicated velocities between approximately 0.25 to 0.50 m/s with peaks up to 1.07 m/sec
(USACE and Port of Oakland, 1998). Currents along the westermn shore of Alameda Point flow to the
south during flood tides and to the north during ebb tides.

The western shore of Alameda Point is exposed to wind-generated waves, particularly from the west-
northwest (the prevailing wind direction). Summer winds in the bay area tend to show a strong diurnal
variation, with strong afternoon sea breezes from the west-northwest. The summer mean wind speed was
approximately 5-6 m/s and the maximum wind speeds were measured at about 15 m/s. Winter in the bay
area is characterized by variable winds and periodic storms. Winds are typically from the south and
southeast during a storm and shift to the northwest after its passage. The mean wind speed for winter was
approximately 6 m/s and the maximum wind speeds were approximately 18 m/s.

1.1.3  Previous Investigation

The Skeet Range was identified as a specific area of concern based on the results of sediment sampling con-
ducted as part of the 1994 Ecological Assessment for former NAS Alameda. One of five study areas
evaluated in the Ecological Assessment was Western Bayside, a region of open bay water adjacent to the
northern and western edges of former NAS Alameda. Of the 13 Western Bayside sample stations, two
were located within the Skeet Range study area (i.e., Stations BO3 and B04) (see Figure 1-4). Due to the
presence of lead shot and PAHs measured at these stations, additional sampling and analysis was conducted
in 1996 as a follow-on to the draft Operable Unit (OU) 4 ERA (PRC, 1996) and in 1998 as a part of the
Ecological Assessment of the Alameda Point Skeet Range Area (TtEMI, 2000). The results from these
investigations led to the designation of the Skeet Range as an Installation Restoration site (IR Site 29) in
August 2000 during the development of the Site Management Plan for the Federal Facilities Agreement.
Details regarding each of the historical investigations and their findings are presented in the following
subsections.
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Figure 1-4. Sampling Stations from Collection Efforts in 1994

1.1.3.1 1996 OU 4 Ecological Assessment

Based on the resulits presented in the 1994 Ecological Assessment, PRC (subsequently called TtEMI)
performed additional sampling and analysis as follow-on to the draft OU 4 Ecological Risk Assessment
(PRC, 1996). Initially, a full reconnaissance of the site was performed where grab samples were collected
every 45 [t along five transects (A through E) covering an angle of 90 degrees outward from each of the
two (northern and southern) shooting ranges (Figure 1-5). The transects from each range were labeled A
through E in a north to south direction from their point of origin (N-A through N-E in the northern shoot-
ing range, S-A through S-E in the southern shooting range). The approximate origin of each transect
corresponded to the shooting stand of each range, and extended out to a distance of roughly 1,000 ft. Grab
samples were sieved and weighted for lead shot and used to determine the approximate spatial distribution
(i.e., fall zone) of lead shot over the site. Using the distributions, a series of arcs representing contami-
nant distribution were established for the northern and southern halves of the Skeet Range, which were
used to develop the sampling plan. These arcs represented:

e The region of the Skeet Range at which shot density was greatest (middle arc)
e The inshore boundary of the Skeet Range at which shot density decreases (inner arc)
e The offshore boundary at which shot density decreases (outer arc).
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Figure 1-5. Sampling Stations from Collection Efforts in 1996

In addition to lead shot data, additional surface sediment samples were collected from the northern range
(Stations SRO01-SR012) and southern range (Stations SKB001-SKB012). The surface sediment samples
were analyzed for metals (24 samples: Stations SKB001-SKB012 and SR001-SR012), PAH compounds
(24 samples: Stations SKB0O1-SKB012 and SR001-SR012), and semivolatile organic compounds
(SVOCs) (6 samples: Stations SKB001-SKB006). Additional grab samples were analyzed for total
petroleum hydrocarbons (TPH) (2 samples: Stations WB003 and WB007) and pesticides and PCBs

(7 samples: Stations WB001-WB007) at locations corresponding with porewater samples. Physico-
chemical parameters (total organic carbon [TOC], ammonia [NH;], dissolved oxygen [DO], sulfide,
percent moisture, and percent fines) were tested in 33 of the samples collected (all were sampled from
Stations SR001-SR012).

Based on the results of the field reconnaissance, 12 sediment core locations were sampled from select
stations in the northern and southern ranges. At each range, five 3-ft core samples (4-inch diameter) were
taken at locations along the middle arc (maximum density), and three core samples were taken at loca-
tions along the inner and outer arcs. One additional core was taken near the shore. The sample locations
from the northern range were labeled SR001-SR012, and the sample locations from the southern range
were labeled SKB001-SKBO12. Each of the twenty-four, 3-ft Vibracore samples was divided into two
1.5-ft sections (from O ft to 1.5 ft and 1.5 to 3 ft below the sediment-water interface). The samples were
analyzed for lead and PAHs to characterize the vertical extent of contamination. Samples were sieved Lo
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remove the lead shot prior to chemical analyses. Samples SKB001-SKBO0O06 also were tested for semi-
volatile organic compounds at each sampling depth.

Eight of the 24 core sampling locations were randomly selected for porewater analyses. These samples
were collected using a Van Veen bottom grab sampler at O to 6 inches below the sediment-water inter-
face. The sediment samples were centrifuged and the supernatant was used for porewater analysis of lead
and PAHSs. In addition, six of the porewater samples were tested for pesticides and PCBs (Stations
WB001-WB006), and five were tested for TPH (Stations WB001-WBO006, except WB003). Physico-
chemical parameters were tested at Stations SR004, SR006, SR009, and SR010. The data collected from
these samples are presented in the Chemical Data Summary Report for Offshore Sediment (TtEMI, 1998).

The 1996 study results were integrated with the 1998 investigation and presented in the Ecological
Assessment (TtEMI, 2000). Based on the 1996 investigation, density of lead shot was highest in the area
that overlaps the two shooting ranges. The study also included an investigation of the degree of dissolu-
tion of lead in sediment and porewater from lead pellets to determine if lead is biologically available.
After sediments were sieved to remove lead shot, lead concentrations were analyzed in the sediment
cores. The mean total lead concentration of surface sediment samples (less than 1.5 ft deep) was

31.2 mg/kg, which is below the California Regional Water Quality Control Board (RWQCB)

San Francisco ambient value of 43.2 mg/kg, based on an 85th percentile of sediments with 40 to

100 percent fines (RWQCB, 1998). The average (31.2 mg/kg), minimum (14.6 mg/kg), and maximum
(46.1 mg/kg) values of lead in surface sediment were below the effects range-low (ER-L) (46.7 mg/kg),
indicating that lead exposure to benthic invertebrates is not significant. This led to the conclusion that the
dissolved lead concentrations in sediment represent ambient conditions and lead dissolution into sediment
appears to be an insignificant transport mechanism. Similar findings were found for dissolution of lead
into porewater where the lead concentrations from Stations SKB004, SR004, SKB006, SR006, SKB009,
SR009, SKB010, and SR0O10 were below detection limits based on the chronic ambient water quality
criteria (AWQC) for protection of marine life. Data indicated that the lead is not dissolving in quantities
that would be considered to be biologically of concern based on AWQC and is not present at
concentrations that could cause adverse ecological effects (TtEMI, 2000).

PAH concentrations from sediment and porewater were compared against San Francisco Bay reference
stations and ER-Ls. The data show that the concentrations of total PAHs found in the Skeet Range are
comparable to concentrations measured from ambient locations. Concentrations within the Skeet Range
either are relatively uniform with depth or (in several locations) increase with depth. Maximum concen-
trations of PAHs in some samples were found at depths greater than lead shot, suggesting that clay targets
or Skeet Range activities are not responsible for the PAHs found in sediment.

1.1.3.2 1998 Supplemental Sampling

In 1998, additional sediment core samples were collected at the Skeet Range to further delineate the dis-
tribution of lead shot found at depth (TtEMI, 2000). Based on the 1996 investigation, the area of maxi-
mum lead shot density was located in the vicinity of sampling location SKB00O9 with decreasing density
extending 10 acres from the shooting ranges. Ten sediment core samples were randomly collected from
this area of highest lead shot density (see Figure 1-6). Only lead and PAHs were identified as constitu-
ents of concern based on the historical activities at the site. All ten sediment core sampling locations
(Stations 1-1 to 1-5, and Stations 2-1 to 2-5) were collected using a push-coring device extending between
25 and 50 cm below the sediment surface. The top 10-cm section of each core was separated into 2-cm
sections; below 10 cm, the cores were separated into 5-cm sections.
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Figure 1-6. Sampling Stations from Collection Efforts in 1998

Results of the lead shot depth distribution analysis showed that the concentration of lead shot generally
increases with depth to about 20 cm, with maximum concentration occurring between 4 and 20 cm. Lead
shot was not detected in the 40- to 45-cm depth interval, indicating that the shot only occurs in the top

0.5 m of sediment. Lead shot was not typically found in the top 4 cm of sediment, suggesting that settling
and sedimentation are leading to shot burial.

Incorporating the results from both the 1996 and 1998 investigation, the Ecological Assessment (TtEMI,
2000) concluded that the bulk and dissolved concentrations of lead and PAHs reflect ambient concentra-
tions and are below AWQC. In addition, the lead shot depth distribution suggests that sediment accretion
is burying the lead shot and unavailable for diving birds; and that PAH distribution may not be attributa-
ble to historical site operation.

On February 20, 2000, the Ecological Assessment was submitted to the RWQCB (TtEMI, 2000). The
RWQCB identified several significant concerns regarding the conclusions of the report. The RWQCB
disagreed with the finding that levels of lead and PAHs in sediments were within the range of ambient
concentrations. The RWQCB also expressed concern about the relevance of applying results from the
USACE sediment accretion studies to the Skeet Range. Finally, the RWQCB disagreed with the low
significance of exposure and risks to diving birds from ingestion of shot as stated in the ERA. To address
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these concerns, the Sediment Work Group (i.e., Battelle, ENTRIX, and Neptune & Co.) conducted a field
investigation in November 2001 to further characterize the spatial extent of lead shot distribution, deter-
mine the source of the PAH contamination, and develop sediment depositional rates. Results from this
study are presented in Section 2.0.

1.2 RI Objectives

The primary objectives of this RI report are to evaluate the sediment quality at the Skeet Range, identify
areas of unacceptable risk, and delineate the areas requiring evaluation in a Feasibility Study (FS) of
remedial alternatives using the data collected from the recent field effort implemented in 2001. The
specific objectives are as follows:

Describe the physical site conditions and ecological setting;

Describe the distribution of lead shot and grit measured in the surface and subsurface
sediment;

Present the findings of the PAH fingerprinting analysis and sediment dynamics study;
Present the methods and results of the Ecological Risk Assessment (ERA);
Present the conceptual site model (CSM) to identify potential human health exposures;

Delineate the areas that pose unacceptable risks to human health and the environment and
require evaluation in a FS of remedial alternatives; and,

Propose preliminary acceptable lead shot levels in sediment that are health protective of
human and ecological receptors.

1.3 Document Organization

The Draft RI Report is organized as follows:

Section 1.0: Introduction.

Section 2.0: 2001 Skeet Range Site Evaluation. This section describes the sample design,
collection and analysis, and processing of the grab and cores collected in 2001 field study. This
section also includes a description of the lead shot and grit count processing and how the clay
fragments were composited for chemical analysis.

Section 3.0: Extent of Contamination. This section describes the distribution of lead shot and
clay fragments found at the site and also presents the findings from the PAH fingerprinting
analysis and sediment dynamics study.

Section 4.0: Ecological Risk Assessment. This section presents the results of the ERA for Skeet
Range.

Section 5.0: Human Health Conceptual Site Model. This section presents the conceptual site
model for human health exposures.
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Section 6.0: Uncertainty Analysis. This section discusses the uncertainties associated with the
analytical data, ecological assessment, and human health conceptual site model.

Section 7.0: Summary and Conclusions. This section presents the summary and conclusions of
the draft RI report.

Section 8.0: References.

Summary of the 2001 field investigation and supporting white papers are presented in Appendices A
through D:

Appendix A: Field Data

Appendix B: Draft PAH Fingerprinting Report

Appendix C: Skeet Range Sediment Dynamics Evaluation
Appendix D: Probability Model Issue Paper

Supporting documentation for the ERA data analysis is presented in Appendix E; responses to agency
comments are presented in Appendix F.
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2.0 2001 SKEET RANGE SITE EVALUATION

Data collected from the previous field investigations in 1996 and 1998 were integrated into the Ecological
Assessment (TtEMI, 2000) submitted to the RWQCB. In response to comments received from the
RWQCB, the Sediment Work Group collected additional sediment grabs and cores in 2001 for analysis of
lead shot and clay targets to further characterize the nature and extent of contamination and evaluate
potential risks to upper trophic level species associated with sediment exposures as outlined in the Skeet
Range (IR Site 29) Evaluation Work Plan (Battelle et al., 2001a). Details on the sampling method and
sample processing are presented in the Skeet Range Survey Report (Battelle et al., 2001b). Excerpts from
these reports describing the approach and methods used for conducting the 2001 Skeet Range Evaluation
is presented below.

2.1 Objectives

The primary objectives of the 2001 evaluation were to define the extent of sediments that pose an
unacceptable risk to ecological receptors as a result of former Skeet Range activities and to address the
data gaps identified by RWQCB’s review of the Ecological Assessment (TtEMI, 2000). Specific tasks to
achieve these objectives were identified as follows:

e Characterize the potential for erosion or burial of lead shot and clay target fragments by
determining the extent and depth of lead shot and clay target fragments present in sediment in
order to identify if any contaminants are biologically available to ecological receptors;

¢ Determine if contaminant of potential ecological concern (COPEC) PAHs are present in the
sediments at the site and if they are associated with clay target fragments or other sources
(e.g., runoff, petroleum releases, fires, car exhaust) resulting from regional impacts; and,

e Obtain measurements of the site-specific, sediment accumulation rate to evaluate the degree
of vertical mixing and the relative sediment dynamics in the area.

To meet each of these objectives, data quality objectives (DQOs; see Table 2-1) were developed in
accordance with the United States Environmental Protection Agency’s seven-step DQO process (U.S.
EPA, 2000) to identify each type of data to be collected.

2.2 Sample Design

The sampling design followed in the Work Plan was developed to augment previous sampling efforts and
address any identified data gaps. Based on the 1996 reconnaissance survey, the fall zone for the Skeet
Range encompasses 19.5 acres offshore of the northwest edge of Alameda Point with a high impact zone
of lead shot confined to a smaller, 3.6-acre area within the fall zone. Using the previous sampling data,
sampling locations were selected following a judgmental sampling design using a fine grid (0.15-acre
squares) on the high impact zone and coarse grid (0.6-acre squares) on the fall zone to ensure spatial
representation of the Skeet Range (see Figure 2-1). An attempt was made to collect a grab sample from
each of the grids. A total of 28 grab samples were collected from within the fall zone and 12 grabs were
centered within the 3.6-acre high impact area. At each sampling location, the top 5 cm of material from
the sediment grab were sieved and lead shot or grit particles found between 0.5 mm and 4 mm were
collected. The presence or absence of prey animals and clay targets in sieve samples were noted on the
sample collection form. Clay target fragments were hand-collected from the top sieve during the sieving
process for fingerprinting analysis. A description of the sieving and counting processes of the lead shot is
provided in Sections 2.3 and 2.4. Section 2.5 presents the compositing scheme for the clay target frag-
ments collected during this field exercise.

Skeet Range 13 June 11, 2004
Draft Final Remedial Investigation Report



In addition to the sediment grabs, two co-located sediment cores were collected at 25 specified locations.

Co-located push cores of 20 cm length were collected at 22 locations for lead shot and PAH analysis \ 4
including 11 from the 3.6-acre high-impact area, and 14 from the larger fall zone area. Five cores from

the 1996 sampling and five cores from the 1998 sampling were re-evaluated during this sampling effort.

Four of the 22 cores were collected from grid locations bordering the shoreline to determine whether PAH
concentrations are a result of land-based activities. Two reference cores were collected, one to the north

and one to the south of the fall zone, in order to provide ambient PAH concentrations. The findings from

the PAH fingerprinting analysis are discussed in Section 3.2.

In addition, 100-cm-long co-located push cores were collected at three locations for lead shot, PAH, and
radioisotope analysis. These cores were collected from the most northern, southern, and western
sampling stations where lead shot is absent to obtain an undisturbed sediment profile. The results from
these samples were used in the sediment dynamics study to determine accretion rates of sediments at the
Skeet Range.

2.3 Sample Preparation

Sample preparation procedures for surface grab samples, sediment short core samples, and sediment long
core samples are described in Sections 2.3.1, 2.3.2, and 2.3.3, respectively. Sample processing for lead
and grit count is discussed in Section 2.4, and clay fragment compositing and analysis are discussed in
Section 2.5.

2.3.1 Sediment Grabs

Sediment grab samples were collected at 40 stations using a 0.1-m® Van Veen grab sampler. Duplicate
samples were collected at four stations (i.e., SK-26, SK-42, SK-45, and SK-65) and processed in the same -
manner as the original sample for field quality control. Grab sample collection information is provided in
Table 2-2; sampling stations are shown on Figure 2-1. For each acceptable grab sample, the top 5 cm of
sediment was collected using a stainless steel scoop and processed through three nested sieves: a U.S.
Standard sieve #5, which retains material greater than 4.0 mm; a U.S. Standard sieve #10, which retains
material greater than 2.0 mm; and a U.S. Standard sieve #35, which retains material greater than 0.5 mm.
Sea water pumped from the barge through a hose was gently applied to the sieve to force smaller material
to the lower sieves. Materials retained in each sieve are described the Field Survey Report (Battelle et al.,
2001b). The retained materials (including lead shot and grit particles) then were placed in labeled zip-
lock bags and transported to the Battelle Duxbury Operations laboratory (BDO) for enumeration.

Section 2.4 presents the counting procedures followed by the laboratory.

2.3.2 Sediment Short Cores

Duplicate short cores designated Core A and Core B were collected from 24 stations (Stations SK-4
through SK-25, and reference stations SK-66 and SK-67) using a double 2.5-inch gravity corer. Core
sampling information is provided in Table 2-3. Duplicate samples were collected at Stations SK-7,
SK-19, and SK-25 as field quality controls. The samples were collected using a double gravity corer with
two-core barrel fitted with a 49-cm length of steam-cleaned 2.5-inch inner diameter polycarbonate core
liner attached to a weighted coring head consisting of a check valve for each core barrel. The coring head
with double 2.5-inch core barrels was lowered to the sediment surface and allowed to slowly penetrate the
sediment with its own weight to minimize disturbance or compaction of the sediment. Depth of penetra-
tion was estimated at 45 to 50 cm so that a minimum of 20 cm of sediment was retained in each barrel.
The core liners then were removed from the barrels and capped. Each core was labeled and then
processed depending on the analysis to be performed. L
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Core A was processed and analyzed for clay target fragments, lead shot and grit abundance. Core A
samples were placed upright in the plunger of a 2.5-inch core extruder and gently extruded upward 5 cm
atatime. A spatula was used to cut the core into 5-cm increments to a depth of 20 cm. Each 5-cm incre-
ment of sediment was sieved through 4-mm, 2-mm, and 0.5-mm sieves following the same procedure as
for the grab samples (described in Section 2.3.1). Fresh water supplied on shore was used to wash the
sediment through the nested sieves. Materials retained in each of the sieve are described in the Field
Survey Report (Battelle et al., 2001b). Clay fragments retained in the 4-mm sieve were collected and
placed in labeled, certified-clean glass jars with Teflon™-lined lids, and placed in a cooler with ice (see
Section 2.5 for description of clay fragment compositing). All other materials retained in the 4-mm sieve
were discarded. As with the grab sample procedure, lead shot and any other material retained in the

0.5 and 2-mm screens were placed in labeled zip-lock bags and shipped to the laboratory for placed in a
cooler with ice. These samples later were sent to BDO for enumeration.

Core B was extruded for organic compound analysis. Following the procedures described for Core A, the
samples were cut into 5-cm increments from the surface to a depth of 20 cm using a clean spatula and
placed into a certified clean glass jar with Teflon™-lined lid. Half of the sediment from each 5-cm incre-
ment was sent to BDO for PAH analysis, and the other half was sent to Severn Trent Laboratory (STL) in
Santa Ana, CA for total petroleum hydrocarbons-diesel range organics (TPH-DRO) analysis. Each sam-
ple was homogenized and sample aliquots collected in the laboratory using clean, solvent-rinsed stainless
steel spoons for the chemical analyses. Core B processing data are provided in Table 2-4. Core A
processing data are provided in Table 2-5.

2.3.3 Sediment Long Cores

Duplicate long cores designated as Core A and B were collected from three stations (SK-1, SK-2, and
SK-3) using a single gravity corer lined with a 3.5-inch inner diameter butyrate liner. The longer gravity
cores also were collected by allowing the sampler to penetrate the sediment under its own weight to
approximately 150 cm so that a minimum of 102 cm of sediment was retained in each core. The cores
then were brought to shore for processing. Long core collection information is provided in Tables 2-4
and 2-5.

Each long Core A was processed following the same procedure as the short Core A samples. The top
20 cm were split into 5-cm increments, each of which was sieved through the stack of 4-mm, 2-mm, and
0.5-mm sieves and sampled for clay target fragments, lead shot, and grit particles as described in
Section 2.3.2.

Each long Core B was subsampled for organic compounds and radioisotope analysis. The core was
placed on Teflon™.-lined table and cut longitudinally using an electric Kett Power Shear model 442 saw.
One half (Side 1) was used to collect samples for organic compound analysis, and the other half (Side 2)
was used for radioisotope analysis. Side 1 of the long Core B was partitioned into 5-cm increments from
0 to 25 cm. Three additional organics samples were collected from 45-50 cm, 70-75 cm, and 95-100 cm
increments. Half of the sediment from each 5-cm increment of Side 1 was collected for PAH analysis, the
other half was collected for TPH-DRO analysis. Sediment was scooped out of each measured segment
using a clean stainless steel spatula and placed in labeled, certified-clean glass jars with Teflon™-lined
lids. Samples then were sent to BDO and STL for PAH and TPH-DRO analyses, respectively. A detailed
physical description of Side 2 of long Core B, including color, sediment type, structure, odor, and particle
size, was recorded in the core logs (see Appendix A). Side 2 then was partitioned into eleven 2-cm
sections: 0-2, 10-12, 20-22, 30-32, 40-42, 50-52, 60-62, 70-72, 80-82, 90-92, and 100-102 cm. Sediment
from each 2-cm horizon was placed into a labeled, tared polystyrene container using a small wooden
spatula. The samples were shipped to Battelle Marine Sciences Laboratory in Sequim, WA, for radio-
isotope analysis. Core B processing data is provided in Table 2-4.
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2.4 Lead Shot and Grit Count Processing

Grab samples and Core A samples from both the long and short cores were sent to BDO for enumeration
of lead shot and grit particles. Initially, the samples were visually inspected to identify any inconsisten-
cies in particle size. Samples that appeared to contain larger-sized particles were resieved through the
0.5-mm sieve. Following this step, each sample was emptied into a glass bowl, and placed on a light box
so that the contents could be examined under a magnifying lamp.

The lead shot and grit particles then were individually counted for each sample. For this analysis, the
term “grit” was defined as any solid object, other than lead shot, with a diameter greater than 0.5 mm.
This included rock, sand, brick, bone, wood, clay target fragments, and pieces of shell. Organic matter
including worms, worm-tubes, algae, and pellets of mud were not counted.

The lead and grit counts from the cores were processed with minimal of difficulty; however, this was not
the case for the grab samples. Because the grab samples consisted of a larger volume of sediment, the top
few centimeters of the samples contained a thick matte of Ampelisca abdita tubes that could not be
removed in the field. The top 5 cm of sediment at the majority of the Skeet Range sample stations con-
sisted almost entirely of Ampelisca tubes (Figure 2-2). In most cases, the tubes were very densely packed
and extended approximately 2-3 cm into the overlying water. Numerous polychaetes up to 12 cm long
also were observed in many of the grab samples. Consequently, approximately 200 of the samples
arrived in the laboratory with the tubes, lead shot, and grit particles coalesced with the sediment which
made it impossible to separate the lead shot and grit following the procedures used for the core samples.

To resolve this problem, several attempts were made to oven dry the samples. The first attempt was at a
relatively low temperature (approximately 25°C), which required one week for adequate drying. The
temperature therefore was raised to 50°C, but at this higher temperature the samples became quite hard.
Pieces were broken off from the dried sample and resieved through the 0.5 mm screen, but the original
problem resurfaced with much of the organic material remaining intact. The samples then were
rehydrated and oven-dried again with the same results. Other trials included drying the samples to
approximately 90°C, which formed very hard pellets that were not easily broken up by hand.

Through trial and error, the best method to separate the grit from the tubes was through decomposition.
After the samples were allowed to decompose at room temperature for one week, they were placed in 4-L
beakers and slowly flushed with large quantities of tap water while gently agitating the mixture by hand.
As much worm matter as possible was decanted while retaining 100% of the grit. The mixture then was
resieved through both the 2 mm and 0.5 mm sieves. The remaining mixture in the sieves then were
placed on aluminum weighing pans and dried in the oven at 50°C for a minimum of 2 days for final
decomposition of the remaining worm matter.

Of the 200 samples impacted, 111 of these samples were discarded due to the absence of lead shot. The
remaining 89 samples were processed to remove the worm tubes as described above. For samples con-
taining less than 200 grit pieces, the counted was conducted by hand. For samples consisting of more
than 200 pieces, the total grit count was estimated as follows:

1. The dried sample after decomposition was spread evenly in a dissection bowl.

2. The sample was subdivided evenly maintaining a representative subsample in each fraction until
a fraction was developed that contained approximately 100 grit pieces.

3. This fraction (the aliquot) was counted exactly by hand.

Skeet Range 16 June 11, 2004
Draft Final Remedial Investigation Report



4. The aliquot was weighed in a labeled and tared weighing pan.

5. The remainder of the sample then was added to the aliquot in the weighing dish to determine total
weight.

6. The total grit count of the sample was estimated using the following equation:

(aliquot count)(total weight) / (aliquot weight) = total count

Deviations encountered during the lead shot and grit count processing are described in detail in Appen-
dix A. Two grit samples (i.e., AAE-527-A and AAE-551-A) from Stations SK-39 and SK-56 were lost
while processing as a result of an accident in which sample SK-39 was spilled during processing and SK-
56 was accidentally discarded before the grit count was performed. Consequently, no grit count was
conducted on samples SK-39 and SK-56, although lead shot was found in these samples.

2.5 Clay Fragment Composite

During the sampling effort, clay target fragments retained in the 4-mm sieve were collected and placed in
labeled, certified-clean glass jars with Teflon™.-lined lids, and all other materials were discarded. Solid
materials believed to be clay targets were observed in 30 of the 131 sediment samples processed, and
majority of these samples were too small to confidently process alone for chemical analysis. Upon arrival
in the BDO laboratory, visual inspection suggested that all but five of these fragment samples were too
small to process individually for chemical fingerprinting. As a result, the remaining 25 fragment samples
were composited into six samples as indicated in Table 2-6 (see Figure 2-3). The strategy for composit-
ing small fragment samples was primarily driven by the locations (i.e., an effort was made to group
samples from the same vicinity until enough masses of fragments were available to confidently analyze).
This resulted in 11 samples (six composites and five individual samples) that were considered representa-
tive of the clay fragment population contained in the sediments collected.
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Figure 2-1. Sediment Grab and Core Sampling Locations from 2001 Investigation
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Figure 2-2. Photos of Ampelisca (Amphipod) Mats from Skeet Range Sampling Event
(November 2001)
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Table 2-1. Data Quality Objectives for Skeet Range Sampling Plan

STEP 1: State the Problem

Existing data indicate that lead shot and fragments of clay pigeons are present in sediments offshore of Alameda Point in the vicinity of the
former Skeet Range. There is concern about the potential ecological risk associated with the lead shot, and PAHs released from clay pigeons.
In particular, the potential exposure of lead shot to diving birds is of concern. The question being posed is whether natural sediment dynamics
are burying the shot to the extent that they are no longer available for ingestion, or whether these dynamics are acting in such a way as to
maintain or enhance availability of the shot. Data are needed to fill gaps in the historical evaluations to assess lead shot abundance and
location (including depth), to assess sediment dynamics, and to support the assessment of ecological risk associated with the shot and PAHs
that are related to the clay pigeons.

STEP 2: Identify the Decision

1. Is lead shot available to diving birds in the surface sediment at the Alameda Point Skeet Range, and if so, does it pose an unacceptable
risk to diving birds?

2. Are PAHs detected in the sediment associated with the clay pigeon fragments or other sources and whether the PAH concentrations pose
an unacceptable risk?

STEP 3: Identify Inputs to the Decision

1. Number of lead shot per unit volume of sediment in 0-5 cm (grab samples) to characterize the potential exposure to most diving birds.

2. Number of lead shot per unit volume of sediment and PAH concentrations in 0-5 cm, 5-10 ¢cm, 10-15 cm, and 15-20 cm depths (push
cores) to characterize the worst-case scenario for diving birds, and also to determine the fate of lead shot and clay targets in the
environment.

3. Abundance of lead shot and other grit size particles per unit volume of sediment between 0.5 mm and 4.0 mm (#5 and #35 sieve sizes).

4.  Total volume of sediment in each grab and core sample (upper 5 cm and upper 10 cm) in the area where historically elevated lead was
observed.

5. Feld observations of the type and general abundance of benthic organisms and pieces of clay target taken in shot samples (qualitative
field notes to determine if this area is a potential feeding area, and if clay target material is present).

6. Modeled predictions of the probability of lead shot ingestion and associated risk to diving birds to establish a biologically relevant risk-
based criterion for lead shot.

7. PAH concentrations in Skeet Range sediments (0-5, 5-10, 10-15, 15-20, 20-25, 45-50, 70-75, and 95-100 cm depth intervals) with
resolution sufficient to fingerprint PAHs associated with clay pigeon versus other potential PAH sources at Alameda Point.

8.  Radioisotope analyses at 10 depth intervals in three core samples (assuming 1 c/yr accretion and desire to represent 100 years) to
determine long-term sedimentation rates.

. Results of existing hydrodynamic data analysis to predict erosion and burial of lead shot.
10. Bathymetric survey of the Skeet Range area to assist in sampling design and determination of potential scouring areas.

STEP 4: Define the Study Boundaries

The area potentially affected by the former Skeet Range encompasses sediments to the west/northwest of the Alameda Point Skeet Range.
The 5 cm depth represents the extent of potential exposure to most diving birds with 10 cm representing a worst case. Lead shot buried below
10 cm are not considered biologically available for the avian species being evaluated.

No specific temporal boundaries are of concemn for the surficial sediment studies. To assist in understanding sediment accumulation rates,
radioisotope analysis will be conducted on sediments representing the past 100 years of accumulation. Based on area-wide accretion studies,
the top 100 cm of sediment is assumed to represent this time frame.

STEP 5: Develop a Decision Rule

If data indicate that natural sediment processes are acting to prevent unacceptable exposure to lead shot, and are not expected to result in
scouring or otherwise re-expose the shot, no action will be required to protect birds from the shot. If data indicate that shot continue to be
available, and the risk is considered unacceptable, consider potential remedial actions to protect the ecosystem.

If PAHs in Skeet Range sediments are fingerprinted as being associated with clay pigeons, ecological risks associated with exposure from
these compounds will be evaluated based on exposure and toxicity information from the literature. If unacceptable risks to ecological
receptors are determined for PAHs correlated to the clay pigeons, the potential leachability of PAHs from clay targets will be determined
based on studies performed at similar shooting ranges.

STEP 6: Evaluate Decision Errors

Data from the lead shot and PAH investigations could over- or underestimate toxicity and potential risks to ecological receptors. In general, if
ecological risk is overestimated (false positive) based on a higher density or depth of lead shot, a possible consequence is unnecessary
remedial work that may itself have detrimental impacts to the existing environment. If ecological risk is underestimated, a possible
consequence is to fail to conclude that remedial action is required and biological systems may continue to be detrimentally impacted.

STEP 7: Optimize the Design for Obtaining Data

Sampling locations were devised using a gridded sampling design based on historic information and best professional judgment to ensure
spatial representation of the Skeet Range. In order to optimize the sampling design, a course and fine grid patterns were overlayed on the
20-acre outfall area. The fine sampling grid consisted of 0.15-acre grid squares over a target area of 3.6 acres where the highest lead shot
concentrations were previously detected. Target grab sample locations were assigned based on the delineated surface shot distribution from
the 1996 data and are co-located with several previously sampled stations. A larger course grid pattern (0.6 acre grid size) over the entire area
spans the original outfall area. Approximately, one sample was selected in each of the gridded areas in order to ensure that the entire outfall
area was represented. Cores for PAH analysis were located further inshore as the potential dispersion distance of the clay targets is shorter
than that of the shot.
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Table 2-2. Grab Sample Coordinates

Corrected
Date Time Location (Lat Long, NAD83) Uncorrected | Water Depth
Station Collected | Collected Latitude (N) Longitude (W) Water Depth (ft) | (-ft MLLW)©®
SK-26 11/10/01 1027 372 47.7428' 122° 19.9650' 15.2 10.6
SK-26 DUP 11/10/01 1050 372 47.7428' 1222 19.9650" 15.2 10.9
SK-27 11/10/01 0901 372 47.7399' 1222 19.9319' 11.0 4.9
SK-28 11/10/01 1107 372 47.7326' 1222 20.0028' 16.2 12.2
SK-29 11/10/01 1137 372 47.7145' 1222 19.9674' 13.7 10.3
SK-30 11/10/01 1004 37247.7113' 1222 19.9168' 6.9 1.7
SK-31 11/10/01 1229 372 47.6985' 122° 19.9316' 11.4 8.9
SK-32 11/10/01 1244 372 47.6974' 122° 19.9916' 14.8 12.4
SK-33 11/10/01 1255 372 47.6852' 122° 19.9781' 14.2 11.9
SK-34 11/10/01 1335 372 47.6850' 1222 19.9596' 12.0 10.0
SK-35 11/11/01 0902 372 47.6731' 1222 19.8950' 10.1 3.5
SK-36 11/10/01 1349 372 47.6694' 1222 19.9440' 111 9.2
SK-37 11/10/01 1310 372 47.6711 1222 20.0045' 14.7 12.6
SK-38 11/10/01 1321 372 47.6674' 1222 19.9735' 13.3 11.3
SK-39 11/11/01 0936 372 47.6641' 1222 19.9647' 17.8 11.4
SK-40 11/11/01 0951 372 47.6530' 122° 19.9743' 18.8 12.5
SK-41 11/11/01 0916 372 47.6462' 1222 19.9111' 15.5 8.9
SK-42 11/11/01 1019 372 47.6460" 1222 19.9618' 17.1 11.2
SK-42 DUP 11/11/01 1029 372 47.6462' 1222 19.9629' 17.1 11.4
SK-43 11/11/01 1006 372 47.6413' 122° 19.9914' 19.3 13.2
SK-44 11/11/01 1058 372 47.6270' 1222 19.0352' 13.8 8.7
SK-45 11/11/01 0834 372 47.6260' 1222 19.9020' 15.6 9.1
SK-45 DUP 11/11/01 0843 372 47.6252' 1222 19.9006' 15.6 9.0
SK-46 11/11/01 1041 372 47.6252' 1222 19.9247' 14.4 9.0
SK-47 11/13/01 0851 372 47.621' 122° 19.951' 15.1 8.8
SK-48 11/13/01 1132 372 47.621' 1222 20.003' 19.4 13.0
SK-49 11/13/01 1117 37° 47.616' 122° 19.942' 16.0 9.3
SK-50 11/11/01 0853 372 47.6133' 1222 19.8766' 9.1 2.5
SK-51 11/13/01 1208 372 47.611' 1222 19.925' 14.6 9.1
SK-52 11/13/01 1146 37° 47.598' 1222 19.988' 19.5 13.5
SK-53 11/13/01 1157 372 47.597" 1222 19,955 16.6 10.8
SK-54 11/13/01 1222 372 47.591' 1222 19.909' 13.5 8.3
SK-55 11/13/01 0914 372 47.585' 122° 19.880' 9.2 2.4
SK-56 11/13/01 1236 372 47.582' 122¢ 19.924' 13.7 9.0
SK-57 11/13/01 1254 37° 47.571' 1222 19.911' 12.8 8.4
SK-58 11/14/01 0822 372 47.5688' 122° 19.9892' 19.7 14.4
SK-59 11/14/01 0837 372 47.5643' 1222 19.9687 18.8 13.4
SK-60 11/14/01 0847 372 47.5664' 1222 19.9291' 15.2 9.5
SK-61 11/13/01 0936 372 47.555' 1222 19.874' 6.8 -0.2
SK-62 11/14/01 0858 372 47.5435' 122° 19.9621' 20.1 14.2
SK-63 11/14/01 0906 372 47.5412' 1222 19.9340' 16.0 9.8
SK-64 11/13/01 0957 372 47.538' 1222 19.886' 11.9 4.8
SK-65 11/13/01 1049 372 47.517' 1222 19.906' 14.3 7.2
SK-65 DUP 11/13/01 1056 372 47.517' 1222 19.904' 14.3 7.4

(a) Water depth correction to mean lower low water (MLLW) calculated using the predicted tidal height 