The estimated boundaries of the areas encompassing soil/bedrock impacted with
explosive compounds greater than 16 mg/kg are depicted on Figure 6-4. The
boundaries were drawn to encompass all sampling locations where explosive
compounds were detected, and includes the area where a possible sixth strip may
exist. As can be seen on Figure 6-4, the boundaries can be drawn with more
certainty in areas where there are control points relatively close to each other. The
boundaries are based mostly on analytical results; however, geologic, transport
mechanism, and topographic considerations were also employed. No explosive
compounds were detected outside the Project Site boundary to the north and east
where access was obtained. The northeastern extent of TNT-affected soil beyond
the Project Site boundary and hetween the area of TNT Strip #4 and sample
location TNT-R6 has not been defined. This area will be addressed after OE point

clearance has occurred (see Table 8-1).

6.2.1.2 Migration Pathways and Transport Mechanisms for Explosive
Compounds.

The mechanisms by which the explosive and related compounds could have been
transported beyond the TNT Strips are believed to be (1) windblown action
particularly near the top of the Ridge, (2) movement of surficial soil downslope,

(3) a combination of precipitation infiltration and subsequent migration into deeper
soil and weathered bedrock, and in the case of the valley floor (4) spillage along
the midway road.

Another transport mechanism considered to be significant within the TNT Strips
area is described as follows. As shown on aerial photographs of the Project Site
taken since May 1990, numerous vehicle trails (most likely from recreational
vehicles such as motorbikes) traverse the TNT Strips area, as well as other
portions of the site. The aerial photographs show that the number of trails
increased from 1990 to the point where the TNT Strips were obscured significantly
in later years. Typically, areas disturbed in this fashion exhibit ruts that are
deepened by surface runoff when it rains. The off-road activities apparently
persisted until the Project Site was fenced off and access was impeded. Another
mechanism to mix and spread explosive-impacted soil in the vicinity of the TNT
Strips is the discing of the soil along a firebreak that follows the Project Site
boundary fence and crosses TNT Strip #1.

The residual soil/colluvium at the Project Site is typically a fat clay that exhibits
dessication cracks during the summer. These cracks may form preferential
migration pathways during the first precipitation of the winter, before the fat clay
expands and decreases the size of the cracks. This preferential pathway likely
resulted in the high concentrations observed within the upper 2 feet bgs along the
strips and the lower concentrations observed at greater depth directly beneath the

adrima
Stiips.

‘Explosive compounds in soil have relatively low solubilities. Estimated low
concentrations of explosive compounds have been detected in a grab groundwater
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sample from an undeveloped well (TW-4: TNT [0.9 ug/L “J”] and amDNTs [4.9 pg/L
“J"]) downgradient of the Howitzer Test Facility and in a grab groundwater sample
(LFP-24: HMX [0.26 pg/L “J”] and 2,4-DNT [0.66 pg/L “J"]) collected from the North
Valley Military Landfill, as discussed in Sections 5.6.2 and 5.4. It s likely that
these low concentrations are a result of the grab groundwater sampling technique
used to collect the samples. In fine-grained soils, simiiar to those found at the
Project Site, this sampling technique can result in collection of samples containing
sediment (turbidity). The laboratory analytical testing method for water samples is
very sensitive and would be affected by sediment even containing very low
concentrations of explosives. This is supported by the fact that no developed
groundwater wells have detected explosives, even those directly downgradient of
the North Valley Military Landfill.

6.2.2 Howitzer Test Facility (including Stockpile #3)

Based on the data collected during the non-OE R, it is concluded that the soil at
the Howitzer Test Facility appears to be impacted with low levels (less than

100 mg/kg) of non-point-source petroleum hydrocarbons. No PCBs were detected
in any of the samples analyzed for these compounds. Isolated detections of TNT
and dioxins/furans reported during the remedial investigation were not confirmed

during the data gaps investigation at locations adjacent to where they were

orlglnally detected. Consequently, these detections are considered to represent
isolated, not extensive occurrences, or to be suspect due to the non-repeatability
of the initial detections. The reported concentrations of 2-butanone are considered
to be a iaboratory contaminant, as discussed in Section 5.1. As shown on Figure
5-4, the only other chemicals detected at the Howitzer Test Facility are (1)

isolated detections of VOCs commonly associated with petroleum hydrocarbons
and lubricants/oils, and (2) inorganic compounds.

The lateral and vertical extent of petroleum hydrocarbons and VOCs are further
discussed in Section 6.2.2.1.

Inspection of the inorganic data does not appear to indicate impact with respect to
metals in the Howitzer Test Facility area. For those metals exceeding the 95th
percentile (Table 6-2), four (copper, iron, nickel, and zinc) showed a statistically

significant difference between the Howitzer Test Facility concentrations and

ambient concentrations, based on the Wilcoxon results (Table 6-3). Further review
of the isoconcentration contour maps and the scatter plots (Appendix E) shows no
systematic pattern for these metals in the Howitzer Test Facility area.

6.2.2.1 Lateral and Vertical Extent of Petroleum Hydrocarbons.

Petroleum Hydrocarbons. The estimated lateral extent of petroleumn

hydrocarbon impact is shown on Figure 6-5. Low levels of petroleum hydrocarbons
in the motor oil range, as well as unknown hydrocarbons (possibly representing
weathered fuels), were detected in the near-surface soil (less than 1 foot bgs) in
the vicinity of the former Test Firing Butts (Building 182) at estimated
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concentrations ranging from 4.7 mg/kg “J” (HF-3R) to 58 mg/kg “J-“ (HF-3).
Unknown hydrocarbons in the motor oil range were also detected in the near-
surface soil from adjacent boreholes in this area. Petroleum hydrocarbons in the
motor oil range were also detected at one location (TW-5) to a depth of 10 feet
(6.9 mg/kg “J"). This location is not in close proximity to any buildings, but is
adjacent to the road connecting Buildings 540 and 542 to the Ammunition
Renovation/Primer Destruction Site.

Low levels of petroleum hydrocarbons in the motor oil range and unknown

hudrnrnrhnne in the motor oil range {legg than 100 mnll{n\ were also detected in

LASA%— 1R 04 I WV o R Tl

the near-surface soil at two locations in close proximity to Midway Road, between
the Test Firing Butts and the northeast Project Site boundary. The unknown
hydrocarbon detections may represent weathered petroleum hydrocarbons.

An isolated area of soil impacted by petroleum hydrocarbons in the motor oil range
has also been identified to a depth of 20 feet (18 mg/kg) at the northeast end of the
North Valley Military Landfill (see Section 6.2.3). The source of this impact of the
fat clay alluvial deposits is currently unknown.

The detections of the petroleum and the unknown hydrocarbons in the near-surface
soils are consistent with a non-point source represented by prior practices of oiling
roads and parking areas for dust suppression, as well as from non-uniform,
intermittent petroleum hydrocarbon leaks (diesel, motor oil) from parked and

moving vehicles. The areas affected by this condition are Midway Road, the
nnrlﬂnn areas in front of the Test Flrlnn Butts IRlllldlnn 1R9\ and the Test Flrlng

Tunnels (Building 181), and the road connecting Bunldmgs 540 and 542 to the
Ammunition Renovation/Primer Destruction Site. Other factors that may
contribute to the distribution of petroleum hydrocarbons in the near-surface soil is
the movement of fiii materiai in the North Vaiiey during grading/ construction of ihe
buildings at this site, as well as more recent surficial disturbance during the 1996
initial site preparation activities. The area in the Howitzer Test Facility and along
Midway Road to the southeast impacted by petroleum hydrocarbons in the motor
oil/diesel range, including the unknown hydrocarbons, is depicted on Figure 6-5.
The boundaries of the non-point-source-impacted area have been defined by
topography and the historical use as roads and parking areas.

VOCs. Estimated low concentrations of benzene (0.0035 mg/kg “J”), toluene
(0.0055 mg/kg “J”) and xylenes (0.0022 mg/kg “J”) were only detected in
subsurface soil at one of the boreholes (HF-7) advanced at the Howitzer Test
Facility in the vicinity of Buildings 540 and 542 at 10 feet bgs. Estimated low
concentrations of 1,2,3-trichiorobenzene (0.0016 mg/kg) and 1,2,4-
trichlorobenzene (0.0012 mg/kg) were also detected in near-surface soil at the
same general location (borehole HF-8). An estimated low concentration of
benzene (0.0018 mg/kg “J") was detected at 20 feet bgs (HF-8), also in the vicinity
of boreholes HF-7 and HF-8. These compounds, commonly associated with
petroleum hydrocarbons and hydraulic oils/lubricants, were not detected elsewhere
at this site and are considered isolated detections. Since the detections are
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circumscribed to the immediate area of the former buildings, it is reasonable to
conclude that they may be associated to leaks from vehicles parked next to the
original buildings during operation of the facility.

The lateral extent of the VOCs is not shown on Figure 6-5 due to the sporadic
nature of the detections.

6.2.2.2 Migration Pathways and Transport Mechanism.

Petroleum Hydrocarbons. The potential migration pathways ideniified for the
non-point-source petroleum hydrocarbons are precipitation infiltration into
subsurface soils and surface runoff. Non-point-source petroleum hydrocarbons
can be expected in areas of former vehicle use where minor leaks from vehicles
could be transported by surface runoff to produce low-level impact to near-surface
soils.

Data from the Howitzer Test Facility are consistent with a non-point-source
release, which can be characterized by: (1) an absence of an area of high
concentrations; (2) disseminated and relatively low concentrations of petroleum
hydrocarbons in the near-surface soil (i.e., less than 100 mg/kg); (3) limited
downward migration in the soil zone; and (4) absence of significant groundwater
impact due to insufficient mass.

“Heavy” petroleum hydrocarbons (e.g., diesel, and motor oil) are, in general,
relatively immobile in the soil-groundwater system, being limited in their potentiai
for migration by relatively high viscosities, high soil- -sorption coefficients, and low
water solubilities. Migration via the atmosphere (air) is not considered a viable
migration pathway as heavy petroleum hydrocarbons are characterized by low

vapor pressures and are, therefore, relatively non-volatile.

In addition to the properties of heavy petroleum hydrocarbons that limit their
mobility in the soil-groundwater system, site-specific conditions can be expected
to further limit the potential for significant petroleum hydrocarbon migration. Once
released to the ground surface or subsurface at the Project Site, petroleum
hydrocarbon migration would be limited by the underlying low-permeability soil and
bedrock. Mass is another limiting factor as the heavy petroleum hydrocarbons

exhibit significant attenuation due to the physicochemical properties described
above.

Given the time frame since most of the potential releases occurred (on the order of
40 to 55 years), extensive weathering and natural attenuation of petroleum
hydrocarbons would also be expected, and likely accounts for the low
concentrations (less than 100 mg/kg) detected and the sporadic nature of some of

Al - .l L-_
e

etections.

The relatively low concentrations, the low-permeability soil/bedrock that underlies
the Project Site, and the general lack of groundwater limits the potential for
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significant petroleum hydrocarbon impact to groundwater. As shown on Figure
4-20, groundwater in the area of the Howitzer Test Facility (which is situated near
the upper reaches of the North Valley) will flow predominantly to the southeast
down the North Valley. Estimated concentrations of petroleum hydrocarbons have
been sporadically detected in the North Valley groundwater downgradient of the
Howitzer Test Facility, as discussed in Section 6.2.5.

VOCs. The potential migration pathways identified for VOCs are precipitation and
subsequent infiltration and surface runoff. In general, VOCs are less likely to
persist in the soil environment than petroleum hydrocarbons due to their higher
volatility and relative solubilities. Isolated estimated low concentrations of VOCs
were detected at three of the locations sampled at the Howitzer Test Facility: at
the near-surface (HF-8), 10 feet bgs (HF-7), and 20 feet bgs (HF-9). The presence
of VOCs in near-surface soil is suspect due to their propensity for volatilization.
The concentrations at depth at the other two locations are also suspect, since
VOCs were not detected in either the shallower or the deeper samples collected at
the same locations or in samples collected from adjacent locations. The lack of
these VOCs in the site groundwater downgradient of the Howitzer Test Facility
also supports that a significant release of VOCs to the soil-groundwater systemn
has not occurred at the Howitzer Test Facility.

6.2.2.3 Stockpile #3.

Estimated low concentrations of PAHs (ranging from 0.033 mg/kg to 0.11 mg/kg)
were detected in the stockpile soil samples (see Figure 5-4). Unknown
hydrocarbons in the motor oil range were detected at concentrations ranging from
79 mg/kg “J” to 200 ma/kg “J-". The hydrocarbon data are consistent with the
findings in the subsurface native soil since the stockpile contains some surficial

PRy VI IPN

soif as a resduit of the 1996 initiai site preparation activities.

The lateral and vertical extent of the stockpile can be represented, at a minimum,
by the topographic expression of the stockpiled materials. The stockpile consists
of soils and construction debris that were excavated from the surrounding area and
pushed to their current location. The stockpiled materials were deposited loosely
over the natural alluvial soils of the North Valley drainageway, with no compaction
effort applied to them, and were covered for winter 2000-2001 to prevent rainfall
infiltration or erosion.

6.2.3 North Valley Military Landfill

Several chemicals were detected at estimated concentrations in the fill and at

2 feet below the underlying alluvial soil, as well as in two grab groundwater
samples collected from the test pits excavated through the landfill materials.
COls included unknown hydrocarbons, VOCs, two dioxins/furans, one pesticide,
and inorganics. Grab groundwater samples from under the landfill materials
detected estimated concentrations of explosives (HMX at 0.26 pg/L. “J” and

2,4-DNT at 0.66 pg/L “J"), unknown hydrocarbons in the diesel and motor oil range
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(81 pg/L “J-" to 200 pg/L “J-"), and dioxins (OCDD at 260 pg/L). It is our opinion
that these low estimated concentrations of explosives are a result of the grab
groundwater sampling technique used to collect the samples. In fine-grained soils,
like those found at the Project Site, this sampling technique can result in

collection of samples containing sediment (turbidity). The laboratory analyticai
testing method for water samples is very sensitive and would be affected by
sediment even containing very low concentrations of explosives and dioxins/furans.
This is supported by the fact that no developed groundwater wells have detected
explosives, even those directly downgradient of the North Valley landfill.

Inspection of the inorganic data does not appear to indicate impact with respect to
metals in the North Valley Military Landfill area. For those metals exceeding the
95th percentile (Table 6-2), seven (aluminum, beryllium, copper, chromium, iron,
nickel, and vanadium) showed a statistically significant difference between the
North Valley Military Landfill concentrations and ambient concentrations, based on
the Wilcoxon results (Table 6-3). Further review of the isoconcentration contour
maps and the scatter plots (Appendix E) shows no systematic contaminant
pattern for these metals in the North Valley Military Landfill area.

The extent of the fill material in the North Valley Military Landfill is considered to
coincide with the outline of the maximum historical extent depicted on Figure 5-9,
the eastern and southwestern limits of which were confirmed during the removal
action investigation. The eastern, northern, and southwestern limits of the landfill
were confirmed to coincide with the maximum historical extent depicted on Figure
5-9. The western limit could not be confirmed because it extends under stockpile
#3. However, the western limit likely coincides with the historical limit, given the
close match of the other three sides. As further discussed in Chapter 8.0, the fill
material will be excavated in lifts as part of the OE clearance activity and will be

HY R P I_\l-l

placed in the North Vailey as engineered fiil.

6.2.4 Ammunition Renovation/Primer Destruction Site (including
Stockpiles #1 and #2)

As shown on Figure 5-6, the chemicals detected at the Ammunition Renovation/
Primer Destruction Site are petroleum hydrocarbons in the diesel and motor oil
ranges, unknown hydrocarbons (likely representing weathered petroleum
hydrocarbons), isolated detections of VOCs commonly associated with petroleumn
hydrocarbons and oils/lubricants, and inorganics. The reported concentrations of
2-butanone are considered a common laboratory contaminant, as discussed in
Section 5.3.1. PCBs were analyzed due to their potential associations with oils,
lubricants, etc. No PCBs were detected at the Ammunition Renovation/Primer
Destruction Site.

Inspection of the incrganic data does not appear to indicate impact with respect to

metals in the Ammunition Renovation/Primer Destruction Site area. For those
metals exceeding the 95th percentile (Table 6-2), four (copper, cobalt, iron and
nickel) showed a statistically significant difference between the Ammunition
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Renovation/Primer Destruction Site concentrations and ambient concentrations,
based on the Wilcoxon results (Table 6-3). Further review of the isoconcentration
contour maps and the scatter plots (Appendix E), shows no systematic
contaminant pattern for these metals in the Ammunition Renovation/Primer
Destruction Site area.

6.2.4.1 Lateral and Vertical Extent of Petroleum Hydrocarbons.

As shown on Figure 6-5, petroleum hydrocarbons were detected in both the diesel
and motor oil range at the Ammunition Renovation/Primer Destruction Site. Low
levels of petroleum hydrocarbons in the diesel and motor oil ranges are pervasive in
the near-surface (0.5 foot bgs) soil across the majority of the site, typically at
concentrations of less than 50 mg/kg (diesel) and 70 mg/kg (motor oil). The near-
surface low concentrations of petroieum hydrocarbons are consistent with simiiar
findings in the Howitzer Test Facility. The source of this impact is attributed to the
historical practice of spraying unpaved roadways, working areas, and parking

areas with petroleum hydrocarbons (diesel, motor oil) as a dust suppressing
measure.

Low concentrations (less than 100 mg/kg) of petroleum hydrocarbons in the diesel
and motor oil ranges were also detected throughout the soil and bedrock ¢column
toward the northwest portion of the site (boreholes AR-1, AR-2, and TW-7) at
depths up to 10 feet bgs, and toward the east boundary of the site (borehole AR-4)
up to 30 feet bgs. No evident source for these detections has been determined,
but it is speculated that leaks from parked vehicles may have contributed to this
impact. The estimated extent of soil impacted with petroleum hydrocarbons in the
motor oil range up to 10 feet bgs in the northwest portion of the site is shown on
Figure 6 5. That figure also depicts the estimated extent of that type of impact

Higher concentrations of petroleum hydrocarbons (including unknown
hydrocarbons) were noted in the area toward the southeast corner of the site, in
the vicinity of a suspected UST (see Figure 6-5), where near-surface
concentrations of unknown hydrocarbons were detected up to 310 mg/kg “J”
(borehole AR-7R). The highest concentrations of petroleum hydrocarbons in the
diesel range were also detected at depth in the vicinity of the suspected UST
(630 mg/kg in borehole AR-3 at 17.5 feet bgs) and south of the wooden building
(220 mg/kg in borehole TW-1 at 22 feet bgs). Figure 6-5 shows the extent of the
suspected point-source impact extending in a southeasterly direction between
boreholes AR-3 and TW-1. Samples collected from borehole AR-10, situated
between these boreholes, did not show petroleum hydrocarbon impact to the depth
explored of 17 feet bgs. This is interpreted herein as an indication that the
borehole may not have been deep enough to reach the deeper petroleum
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hydrocarbon-affécted soil derived from the UST potentially situated in the vicinity of

borehole AR-7.
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6.2.4.2 Migration Pathways and Transport Mechanisms.

The migration pathways for the non-point-source petroleum hydrocarbons are
similar to the migration pathways for the Howitzer Test Facility. Point-source
petroleum hydrocarbons can be expected in the vicinity of an UST and associated
piping where local surface releases, which are subject to infiltration, as well as
direct releases to the subsurface soil and bedrock can occur.

Data from the northwest portion of the site are consistent with a non-point-source
release, as described for the Howitzer Test Facility, while data from the southeast
portion of the site are consistent with a point-source release, which can be
characterized by an area with concentrations between 220 mg/kg and 630 mg/kg
in the vicinity of a source at the surface and at depth.

The west portion of the Ammunition Renovation/Primer Destruction Site is situated
at the groundwater divide. Groundwater under the western portion is likely to flow
to the northwest (at times of higher groundwater levels) while groundwater under
the majority of the Ammunition Renovation/Primer Destruction Site will flow to the
southeast (see Figure 4-20). No petroleum hydrocarbon-impacted groundwater
was encountered norithwest of the divide. '

6.2.4.3 Stockpiles #1 and #2.

Unknown hydrocarbons in the diesel and motor oil range were detected in soil
samples from Stockpile #1 (up to 1,400 mg/kg “J-") and Stockpile #2 (up to

150 mg/kg “J-") (see Figure 5-6). Low levels of petroleurn hydrocarbons in the
motor oil range were detected in Stockpile #1 (6.7 mg/kg “J”) and Stockpile #2
(160 mg/kg). In terms of the petroleumn hydrocarbons, these data are consistent
with the findings in the subsurface soil, since the stockpile contains surficial soil

as a result of the 1996 initial site preparation activities. Low concentrations of

PAHs (ranging from 0.017 mg/kg “J” to 0.054 mg/kg “J”), likely associated with the

asphalt observed in the stockpiles, were detected in both stockpiles. A low

concentration of TNT (0.67 mg/kg) was detected in Stockpile #1.

The extent of stockpiles is estimated to be represented at a minimum by the
topographic expression of the stockpiled materials as depicted on Figure 5-9.

The stockpile consists of soils and asphalt debris that were excavated from the
surrounding area and pushed to their current locations. The stockpiled materials
were deposited in the graded area over fill materials and the underlying alluvial
soils of the North Valley drainageway, with no compaction effort applied to them,
and were covered for winter 2000-2001 to prevent rainfall infiltration or erosion. As
further discussed in Section 8.0, the stockpiles will be removed from the site
during the OE clearance activity.
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6.2.5 North Valley Groundwater

Groundwater quality in the North Valley was assessed through the sampling of
14 groundwater monitoring wells situated throughout the valley. As discussed in
the previous sections, soil/bedrock in the North Valley has been impacted
primarily by heavy-petroleum hydrocarbons, and to a much lesser extent by

petroleum-related VOCs and PAHs associated with the Howitzer Test Facility and
Ammunition Renovation/Primer Destruction Site and metals. Chemicals detected
in the grab groundwater samples collected from seeps and test pits are considered
suspect due to the sampling technique. In fine-grained soils, similar to those
found at the Project Site, this sampling technique can result in collection of
samples containing sediment (turbidity). The laboratory analytical testing method
for water samples is very sensitive and would be affected by sediment even
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As shown on Figure 5-7, no explosive compounds were detected in any of the
groundwater sampies collected from the North Valley during the most recent data
gaps investigation. Estimated low concentrations of TNT (0.17 pg/L “J”) and
4amDNT (0.38 ug/L “J”) were detected in the grab sample from seep NV-S3
situated along the western boundary of the Howitzer Test Facility. The estimated
low concentrations of TNT (0.9 pg/L “J") and amDNTSs (4.9 ug/L “J”) detected in the

grab groundwater sample collected from well MW-4 (TW-4) during the remedial
investigation were not confirmed during the groundwater sampling of the data gaps
investigation, after well development.

Petroleum hydrocarbons in the kerosene range were detected in the
groundwatersample collected from well MW-4A during both data gaps investigation
monltonng events (Apnl 2000 and August 2000) at concentrations ranging from

kerosene range were detected in any of the soil samples collected at either the
Ammunition Renovation/Primer Destruction Site or the Howitzer Test Facility. Low
levels of petroleum hydrocarbons in the diesel range were detected in the grab
groundwater samples collected from wells MW-3 (TW-3) (170 pg/L “J-") and MW-
4(TW-4) (79 pg/L “J-") during the remedial investigation, and low levels of petroleum
hydrocarbons in the motor oil range were detected in the grab groundwater sample
collected from well MW-4(TW-4) (860 ug/L); however, these detections were not
confirmed during the data gaps investigation monitoring events (April 2000 and
August 2000), after well development. Several VOCs were detected at very low
concentrations in the groundwater sample collected during the data gaps
investigation in April 2000 from deep well MW-4A as follows: 2-butanone (6.8 ug/L
“J7), bromodichloromethane (0.15 pg/L. “J"), carbon disulfide (3.7 pg/L), and
chloroform (2.9 pg/L). These chemicals are all common laboratory contaminants.
Only 2-butanone was detected (14 pg/L “J”) in the groundwater sample collected in

August 2000 from this well,

Acenaphthylene, a compound often associated with petroleum hydrocarbons,
was detected at low concentrations in the groundwater sample collected from well
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MW- 13 (0.38 pg/L “J") and in two of the North Valley grab seep samples (NV-S2A
[5.8 pg/L] and NV-83 [0.84 pg/L “J™).

Other compounds detected in the North Valley grab seep samples include: low
concentrations of one VOC (p-cymene [p-isopropyltoluene] at 0.61 ug/L “J”), and
one pesticide (p'p’-DDD at 0.0077 pg/L “J”) detected in the seep sample NV-S2;

and trace concentrations of explosive compounds (TNT and 4amDNTs) detected in
seep sample NV-583; however, these compounds have not been found in the
developed wells and are considered suspect due to the sampling technique.

Site groundwater monitoring wells (except MW-5) were analyzed for the full suite of
metals (CAM 17 plus aluminum, calcium, iron, manganese, magnesium,
potassium, and sodium) plus total phosphorus and nitrate/nitrite. Comparison of
filtered metals resuits and nitrate resuits to primary Maximum Contaminant Levels
(MCLs) indicates two instances where a North Valley groundwater sample
exceeded an MCL: aluminum at well MW-6 and thallium at well MW-7. The
aluminum result for well MW-6 (9.7 mg/L) suggests a problem with the filtering
procedure and is, therefore, not likely representative of actual dissolved aluminum
in groundwater. This interpretation is based on the observations that a relatively
high iron concentration accompanied the aluminum value (iron and aluminum are

the two metals typically most sensitive to clay mineral content [i.e., turbidity]) and

that other metal species do not exhibit similar increases in concentrations. The
thallium result for MW-7 (0.0058 mg/L “J”) is an estimated result and, therefore,
may not accurately represent dissolved thallium in groundwater.

Organic analytical results were also compared to the MCLs. Only one of the
compounds detected has a listed MCL (bromodichloromethane at 100 pg/L). The
concentration of bromodichloromethane detected at well MW-4A is well below the

rwP_N1

MICL.

It is concluded that the North Valley groundwater has not been significantly
impacted and that there is no significant impact from subsurface groundwater
migration through the soil and underlying bedrock (via precipitation/surface runoff
infiltration) from the TNT Strips, Howitzer Test Facility, North Valley Military
Landfill, and Ammunition Renovation/Primer Destruction Site.

6.2.6 North Valley Soils

Soil samples were collected outside of the areas of interest in the North Valley
during installation of various boreholes. TNT at 17 mg/kg or less has been
detected in soil/bedrock along the floor of the North Valley. Low concentrations of
unknown hydrocarbons (21 mg/kg “J” or less) were detected in near surface soil
samples. Other explosive compounds were detected in one or more samples at
concentrations of 0.83 mg/kg or less. Inspection of the inorganic data does not
appear to indicate impact with respect to metals in these “miscellaneous” North
Valley soil samples. For those metals exceeding the 95th percentile (Table 6-2),

three (beryllium, iron, and nickel) showed a statistically significant difference
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between the miscellaneous North Valley soil concentrations and ambient
concentrations, based on the Wilcoxon results (Table 6-3). Further review of the
isoconcentration contour maps, and the scatter plots (Appendix E) shows no
systematic contaminant pattern for these metals in the North Valley.

6.3 NATURE AND EXTENT, RIDGE

6.3.1 Dynamite Burn Site

The original source of potentially impacted soils was at the ground surface and has
been removed. Soil and bedrock at a significant distance beyond the Dynamite
Burn Site have also been removed. Therefore, no impact would be expected in the
samples collected 20 feet to 40 feet below the original ground surface. Sample
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this theory. Additional downgradient soil sampling is being proposed after OE
point clearance to verify the downgradient soil and bedrock have not been
impacted (see Table 8-1).

6.4 NATURE AND EXTENT, SOUTH VALLEY AREAS OF INTEREST

6.4.1 Flare Site

As shown on Figure 5-9 and isoconcentration contour maps (Appendix E),
inorganics and dioxins/furans were detected in the soil at the Flare Site. No
explosives or PAHs were detected in any of the soil samples collected from the
Flare Site. Of the chemicals detected, metals are considered to be most
characteristic of DOD-related activities at the Flare Site. For those metals
exceeding the 95th percentile (Table 6-2), four (copper, iron, nickel, and zinc)
showed a statistically significant difference between the Flare Site concentrations
and ambient concentrations, based on the Wilcoxon resuits (Table 6-3). Further
review of the isoconcentration contour maps and the scatter plots (Appendix E)
shows a consistent pattern for copper and zinc in the Flare Site area.
Additionally, other sample locations in the Flare site (i.e., FA3 and FA6) indicate
clearly elevated concentrations of antimony, barium, and lead based on review of
the scatter plots and Table 6-2.

In addition to the metals, dioxins/furans were also detected in the two samples
collected from the center of the Flare Site. Since only a limited number of
dioxin/furan samples were collected, the metals concentrations have been used to
conservatively delineate the nature and extent of soil impact at the Flare Site,
based on their mobility relative to the mobility of dioxins (i.e., it is uniikely that the
dioxins/furans extend beyond the area of metals impact).

6.4.1.1 Lateral and Vertical Extent of Metals and Dioxinffurans.

The lateral extent of the metals impact at the Flare Site has been estimated in the
northern and eastern directions. For purposes of the following discussion, the
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evaluation of lateral and vertical extent of metals in the Flare Site is conducted, in
part, within the context of the remedial goals set for the COls at the Flare Site.

The estimated extent of metals impact is shown on Figure 6-6. As presented in
Table 8-1, additional definition of metal concentrations is proposed in the southern
and western directions. The highest concentrations of metals above their remedial
action levels occur in the vicinity of boreholes FA-3 and FA-6. No metals above
their respective remedial goal were detected in the soil samples collected from
boreholes FA-1 and FA-5, situated approximately 20 feet to the east and 30 feet
north of the boreholes FA-3 and FA-6, respectively. Copper and zinc were
detected slightly above their remedial goal in both samples collected from borehole
FA-2, situated approximately 20 feet to the west of boreholes FA-3 and FA-6. The
fact that only two metals were detected at this location above their remedial goal
suggests that borenoie FA-Z is iikeiy ciose to the western iimit of metais impact.
Multiple metals were detected above their remedial goal in borehole FA-4,
approximately 20 feet upslope of boreholes FA-3 and FA-6, but at significantly
lower concentrations relative to FA-3 and FA-6. The limit of metals impact upslope
of borehole FA-4 is estimated to be in the order of approximately 20 feet, based on
the relative immobility of metals in the soil environment.

The vertical extent of the metals above their respective remedial goal is not as well

defined due to the safety hazards involved with advancing boreholes at the center

of this site, which precluded the use of a drill rig, thus limiting the depth of

borehole advancement. Data from the two deepest boreholes (FA-4 and FA-6)

indicate that the number of metals above ambient concentrations is significantly .
lower beyond 1 foot bgs. Given the general lack of mobility of the trace metals

such as antimony, copper, lead, and zinc, it is unlikely that the metals impact will

extend much beyond 3 feet to 5 feet bgs.

Two soil samples from the Flare Site were analyzed for dioxins/furans. A number
of dioxins/furans were detected at low concentrations (up to 490 pg/g) in the near
surface samples collected at boreholes FA-3 and FA-6 (see Figure 6-6); however,
at 1 foot bgs, the number of the dioxins/furans and their respective concentrations
was considerably lower (up to 10 pg/g). Dioxins/furans are even less mobile than
the metals in the soil environment and are unlikely to migrate vertically beyond the
limit of the metals impact. The dioxins/furans will therefore be addressed as part
of any remedial action alternative(s) considered for the metals at the Flare Site.
Additional dioxin/furan sampling will be conducted to define lateral and vertical
extent (See Table 8-1).

6.4.1.2 Migration Pathways.

Based on the data, no extensive surface migration (surface precipitation runoff and
transport of surficiai soii via gravity downsiope) or subsurface migration
(precipitation infiltration into subsurface soil/bedrock and groundwater) has
occurred in relation to the Flare Site. This observation is consistent with the

relative immobility of metals and dioxins/furans in the soil environment.
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6.4.2 Demolition Site #1

As shown on Figure 5-9 and isoconcentration contour maps (Appendix E) with the
exception of inorganics, no chemicals were detected in any of the four soil -
samples collected from Demolition Site #1. No investigation of the upper portion of
Demolition Site #1 was conducted due to a safety concern from the presence of a

significant geophysical anomaly in this area. This area will be further
characterized during the non-OE investigation (See Table 8-1).

Inspection of the inorganic data does not appear to indicate impact with respect to
metals in the Demolition Site #1 area. For those metals exceeding the 95th
percentile (Table 6-2), two (copper and iron) showed a statistically significant
difference between the Demolition Site #1 concentrations and ambient
concentrations, based on the Wilcoxon results (Table 6-3). Further review of the
isoconcentration contour maps and the scatter plots (Appendix E) shows no
systematic contaminant pattern for these metals in the Demolition Site #1 area.

6.4.3 Demolition Site #2

As shown on Figure 5-9 and isoconcentration contour maps (Appendix E) with the

exception of inorganics, no chemicals were detected in either of the two soil

samples collected from Demolition Site #2. Since no physical evidence (i.e.,
scrap ordnance, magnetic anomalies) or ordnance-related activities have been
found at Demolition Site #2, the site was eliminated from further investigation after
the completion of the interim investigation.

Metals results from Demolition Site #2 that are above ambient concentrations are
listed in Table 6-2. For those metals exceeding the 95th percentile, two (iron and

nickel) showed a statistically significant difference between the Demolition Site #2
concentrations and ambient concentrations, based on the Wilcoxon results (Table
6-3). Further review of the contour maps and the scatter plots (Appendix E) shows
no systematic contaminant pattern for these metals in the Demolition Site #2 area.

6.4.4 Demolition Site #3

As shown on Figure 5-9 and isoconcentration contour maps (Appendix E), with the
exception of inorganics, no chemicals were detected in any soil samples collected
from Demolition Site #3. Metals results from Demolition Site #3 that are above
ambient concentrations are listed in Table 6-2. For those metals exceeding the
95™ percentile, two (iron and vanadium) showed a statistical significance between
the Demolition Site #3 area and ambient concentrations based on the Wilcoxon
results (Table 6-3). Further review of the isoconcentration contour maps and the
scatter piots (Appendix E) shows no systematic contaminant pattern for these
metals in the Demolition Site #3 area. However, samples collected at location

"DAS3 show elevated concentrations of mercury (see Table 2 and scatter plot for

mercury [Appendix E]).
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6.4.4.1 Lateral and Vertical Extent of Mercury in Demolition Site # 3.

Based on sample results, Demolition Site #3 appears to have been impacted by
mercury. For purposes of the following discussion, the evaluation of lateral and
vertical extent of metals in Demolition Site # 3 area is conducted, in part, within
the context of the remedial goal set for mercury (see Section 7.3.3). In addition,

mercury results from screening-level samples collected by SECOR ($8-25, $8-27,
and SS-31) were used to help define the lateral and vertical extent of mercury.

It should be noted that the soil samples collected toward the center of the site
were advanced primarily through recent fill material, to a depth of approximately 6

feet bgs. The lateral and vertical extent of the metals impact at Demolition Site #3 -

is relatively well understood such that the lateral and vertical bounds can be drawn
or estimated. Concentrations of mercury above the remediai goai are present near
the upslope periphery of Demolition Site #3 (DA3-1) and extending upslope as far
as §5-31, and beyond the site boundary to the west (SS-25), beyond the site
boundary to the south (WET-4), and to the southeast (WET-7).

Figure 6-7 shows the approximate lateral extent of mercury-impacted
soil/sediment based on the likely radial distribution if the wetland has been
impacted by Demolition Site #3. Several of the sediment samples were also

analyzed for methyl mercury, which is formed in the environment by sulfate-
reducing bacteria under anaerobic conditions. The methyl mercury results are
also shown on Figure 6-7.

Mercury values were below the remedial goal for six screening-level samples
(SS 26, S8-28, SS-29, §8-30, $5-32, and S$S8-33). Based on the above results,
the extent of mercury-impacted soil was established half-way between samples

above and below the remedial goal. 1tis estimated that: (1) the northern limit of

mercury impact extends as far as approximately 180 feet north of the northern site
boundary, just beyond $5-31; (2) the western limit of mercury impact extends
approximately 90 feet west of the western site boundary; (3) the southern limit of
mercury impact extends approximately 120 feet south of the southern site
boundary in soil including a portion of the South Valley wetland area; and (4) the
eastern limit of impact extends no further than 50 feet to the east but extends
toward the southeast as far as approximately 150 feet in soil and approximately
another 50 feet into the South Valley wetland area (as indicated by the mercury
result from samples WET-7).

Most of the mercury detections above the remedial goal were from samples
collected from depths of 2 feet bgs or less. At the one borehole location (DA3-6)
where mercury was detected in excess of its remedial goal at 5.5 feet bgs, it was
not detected at 10.5 feet bgs. At this location it is probable that mixing of surficial
and deeper soil occurred as a resuit of excavating and backfiiling during DOD-
related activities at the site. Thus, given the relative immobility of mercury in the
soil environment, it is estimated that mercury-impacted soil is limited to the upper

2 feet to 3 feet of native soil.
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6.4.4.2 Migration Pathways.

Based on the data, no extensive surface migration (surface precipitation runoff and
transport of surficial soil via gravity downslope) or subsurface migration
(precipitation infiltration into subsurface soil/bedrock and groundwater) has
occurred in relation to the Demolition Site #3. This observation is consistent with

the relative immobility of metals in the soil environment. The surficial nature and
larger estimated radial extent is based on the airborne distribution associated with
the type of activities conducted at Demolition Site #3; however, surface migration
via surface runoff or transport of surficial soil via gravity downslope may have
contributed to the impact particularly in the wetland.

6.4.5 South Valley Wetland Sediment and Surface Water
6.4.5.1 Sediment.

As noted above, impact with respect to mercury is apparent in sediment
downslope of Demolition Site #3 (Figure 6-7). In upgradient sediment sample
WET-1, no organic COls were detected, however, with respect to metals,
magnesium, sodium, and zinc concentrations were above ambient levels.

An estimated concentration of one explosive compound (TNT at 1.5 mg/kg “J-*)
was detected in the downgradient sediment sample (WET-2) collected during the
remedial investigation; however, the result was not confirmed in the duplicate
sample (WET-2A) taken from the same location during the same sampling event.
Similarly, a low concentration of one PAH (benzo[b]fluoranthene at 0.094 mg/kg)
was detected in WET-2, but was not detected in the duplicate sample (WET-2A).
In addition, it should be noted that these two compounds were not detected in any

of t i : ;
the sediments are not impacted by explosive compounds. Dioxins/furans were not
detected in the sample (WET-2R) collected downgradient of the Flare Site.

It appears that DOD activities at Demolition Site #3 may have impacted a small
portion of the wetland area, immediately downslope and southeast of the site, as a
result of detonation activities and possible surface migration via precipitation runoff
or transport of surficial soil via gravity downslope. Based on the non-repeatability
of the low explosive and PAH concentrations detected in the downgradient
sediment samples, it is concluded that the South Valley wetland sediment has not
been impacted by these compounds.

6.4.5.2 Surface Water.

As shown on Figure 5-10, an estimated concentration of one explosive compound

(TNT at 2.2 mg/kg “J") was detected in the downgradient surface water sample

(SW-2) collected during the remedial investigation; however, the result was not
confirmed in the resample (SW-2R) taken from the same location during the data
gaps investigation. It was detected in the sediment sample collected from the
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same location during the remedial investigation but, the sediment result was not
confirmed in the duplicate sediment sample collected during the same sampling
event. Therefore, it is concluded that no impact from explosive compounds is
evident in the surface water of the South Valley. No other COls, with the
exception of metals, were detected in any of the surface water samples from the

South Valley. Comparison of filtered metals results to primary MCLs indicates

.

that there are no instances where South Valley surface water exceeds an MCL.

Based on the above observations, it is concluded that the South Valley wetland
surface water has not been adversely impacted by site activities.

6.4.6 South Valley Groundwater

Groundwater quality in the South Vailey was assessed through the sampling of
three groundwater monitoring wells. As shown on Figure 5-7, an estimated
concentration of 3-nitrotoluene (0.59 pg/L “J”) was detected in the groundwater
sample collected in April 2000 from well MW-12(TW-12). This compound had not
been detected in the grab groundwater sample collected during the remedial
investigation, but was detected after well development. This compound was not
detected during the August 2000 monitoring event.

The detection of 3-nitrotoluene is questionable since this compound was not
detected in any of the soil/sediment samples collected from the areas of interest in
the South Valley, including those soil samples collected at the toe of the land
bridge (see Section 6.5.2), where it is believed soil from the Dynamite Burn Site
was placed. It is concluded that the South Valley groundwater has not been
significantly impacted by site activities and that there is no significant impact from
subsurface groundwater migration through the soil and underlying bedrock (via

.

precipitation/surface runoff infittration) fromr Demolition Site #3 and the Fiare Site.

The low level sporadic detection of 3-nitrotoluene does not warrant further action.

One PAH, acenaphthylene, was detected at an estimated concentration of
1.1 pg/L “J” in a sample from well MW-10 during the August 2000 monitoring event.

No COls (with the exception of selected metals and nitrate addressed below) were
detected in the one South Valley grab seep sample.

Comparison of filtered metals results and nitrate results to primary MCLs indicates
one instance where a South Valley groundwater sample exceeds an MCL:
aluminum at well MW-11. The aluminum result for well MW-11 (3.9 mg/L)
suggests a problem with the filtering procedure and is, therefore, not considered
representative of actual dissolved aluminum in groundwater. This interpretation is
based on the observations that a relatively high iron concentration accompanied
the aluminum value (iron and aluminum are the two metais typicaliy most sensitive
to clay mineral content [i.e., turbidity]) and that other metal species less sensitive

to turbidity do not exhibit similar increases in concentrations.
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6.5 NATURE AND EXTENT, OTHER AREAS OF INVESTIGATION

6.5.1 Ridge Stockpiles #1-#9

The nine Ridge stockpiles consist of a mixture of concrete rubble, asphalt debris,
soil and other inert construction demolition materials. The stockpiles cover the
areas shown on Figure 5-8. The stockpiles have an average thickness of about 5
feet. These materials were reportedly transported from off-site sources for storage
on the excavated Ridge cut area. The stockpiles were analyzed for the following
COls to determine eventual disposition of the stockpiled material: explosive
compounds, TEPHs, and metals.

No explosives were detected in any of the soil samples collected from the Ridge
stockpiles. Petroleum hydrocarbons in the diesel range (7.7 mg/kg “J-) and in the
motor oil range (7.7 mg/kg “J” to 53 mg/kg “J-“) were detected in soil samples
collected from the stockpiles.

Inspection of the inorganic data does not appear to indicate impact with respect to
metals in the Ridge stockpiles. For those metals exceeding the 95th percentile
(Table 6-2), none showed a statistical significance between the Ridge stockpiles
and ambient concentrations based on the Wilcoxon results (Table 6-3). These
data are not presented on the scatter plots (Appendix E) or the isoconcentration
contour maps, because they are not in situ samples.

The migration pathways for chemicals detected at the Ridge stockpiles include
preferential precipitation infiltration, surface runoff, and wind erosion.

6.5.2 McAllister Drive Land Bridge

The McAllister Drive Land Bridge appears to have been constructed from soil
excavated from a portion of the Ridge area which included the former Dynamite
Burn Site (see Section 6.3.1). This factor was the basis for analysis of the
following COls during the remedial investigation: nitroglycerin and PETN, along
with nitrate due to its potential presence as a degradation product of nitroglycerin.
No explosive compounds were detected in any of the land bridge soil samples.
Nitrate was detected in four of the soil samples collected from the upgradient and
downgradient toe of the land bridge at concentrations ranging from 0.44 mg/kg “J”
to 1.2 mg/kg. As shown in Table 6-2, cobalt and nickel were detected at
concentrations above their respective 95" percentile ambient concentrations. A
Wilcoxon test could not be conducted for this area because there is only one

Qamnln Iﬁf‘ﬂhﬁﬂ fnr Whlt"h mnf:\le ﬂﬁfﬂ were nngl\l'}nrl_ HO\'l'le\'le"’ 're\vqeq'.': Gf scatter

plots (Appendix E) indicates that metals concentrations for the soil sample are not
anomalous and, therefore, do not indicate impact.
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7.0 RISK ASSESSMENT

This chapter presents an assessment of the potential risks to human health and
the environment associated with chemicals at the Project Site based on current

site conditions. The screening-level human health and ecological risk
assessments presented herein are based on the data collected during the RI.

The results of the human health screening assessment are presented in Section
7.1. Section 7.2 summarizes the ecological conditions at the Project Site and
presents the findings of the ecological screening assessment. The results of the
screening assessments are used to help identify the chemicals that will be
remediated. The proposed remediation goals for the Project Site, which are
protective of human health and ecological impacts, are presented in Section 7.3.
During and following remedial efforts at the Site, additional data will be collected to
confirm that the proposed remediation goals were met. A post-remediation human
health and ecological risk assessment will be conducted to evaluate data from
confirmation samples and non-remediated areas. Section 7.4 presents the scope
of the post-remediation human health and ecological risk assessment.

71 HUMAN HEALTH SCREENING ASSESSMENT

Potential human health risks associated with exposure to chemicals detected at
the Project Site were evaluated on a screening-level basis by comparing maximum
detected concentrations to readily available regulatory screening criteria. The
screening risk estimates represent potential health risks to hypothetical residential
populations, assuming current site conditions. This evaluation was conducted for
each area of interest at the Project Site (i.e., TNT Strips, Howitzer Test Facility,

North Valley Military Landfill, Ammunition Renovation/Primer Destruction Site,
McAllister Drive Land Bridge, Miscellaneous North Valley, Flare Site, Demolition
Sites #1 and #3, and Miscellaneous South Valley for soil and North Valley and
South Valley for groundwater and surface water), and entailed calculating
screening-level estimates of potential noncancer hazard indices and theoretical
lifetime excess cancer risks based on maximum detected concentrations,
regardless of depth, within each area. The process used to complete this
assessment consisted of the following steps: data evaluation, exposure
assessment, selection of screening criteria, and health risk estimate calculations.
Each of these steps, and the resuits and the interpretation of the evaluation, are
described in the following sections.

7.1.1 Data Evaluation

Data evaluation is the process of analyzing site characteristics and analytical data
fo identify data of sufficient quality for inclusion in a risk assessment, and based
on these data, to identify chemicals to be evaluated in the risk assessment.
Detailed discussions of site characteristics and available analytical data in each of
the areas of interest at the Project Site are presented in previous chapters of this
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document. As discussed in Section 5.1 and Appendix C, the analytical data were
reviewed and validated as part of the overall quality assurance program for the site .
investigation. The results of this process indicate that, with few exceptions, the

data collected during the non-OE RI met the project objectives. In cases where

data for specific samples were rejected additional samples were collected or the

For the purposes of this screening-level assessment, all chemicals detected in
validated soil, groundwater, and surface water samples collected at the Project
Site are evaluated in the risk assessment, except as noted below.

Several petroleum hydrocarbon mixtures have been detected in soil samples
collected at the Project Site (e.g., TEPH). Such measurements represent
mixtures of chemicals that, because of their highly variable composition, do not
have descriptive health criteria. Therefore, the toxicity of these mixtures is best
described by the aggregate toxicity of key individual chemicals in the mixture,
such as benzene, toluene, ethylbenzene, and xylene (BTEX); and PAHs. For the
purposes of this risk assessment, and as is the practice in California (California
Environmental Protection Agency, Department of Toxic Substances Control,
1994a), a quantitative evaluation of TEPH measurements was not conducted in

this study; rather, individual measured constituents of the TEPH mixtures were

evaluated.

With regard to inorganic chemicals, site-specific ambient samples were collected
at the Project Site and analyzed for several naturally occurring metals (see
Section 5.2). As shown in Tables 7-1 through 7-10, the maximum-detected
inorganic concentration was compared to the 95th percentile of the site-specific
ambient samples for each area of interest. If the maximum detected concentration

was below the ambient value, the chemical was not evaluated further in the
screening assessment for that area. This practice is consistent with DTSC
guidance (California Environmental Protection Agency, Department of Toxic
Substances Control, 1997). Four other inorganic ¢chemicals (calcium, magnesium,
potassium, and sodium) also were not further evaluated in any of the areas of
interest, because these chemicals are not considered to be of human health
concern at environmental concentrations.

7.1.2 Exposure Assessment

Exposure assessment is the process of measuring or estimating the intensity,
frequency, and duration of human exposure to the COls. Exposure assessment is
conducted within the context of a Conceptual Site Model, which describes what is
known about chemical sources, likely migration pathways, exposure routes, and
possible exposure scenarios, under current and future conditions. The
Conceptual Site Model developed for this site is presented on Figure 7-1.

Potential for exposure to site chemicals depends on current and future uses of the
site. The Project Site is currently undeveloped. Future development plans call for
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the Ridge and North Valley areas of the site to be used for residential purposes;
the remainder of the site will be maintained as open space. In addition, after OE
and non-OE remediation of site soil, clean fill will be placed in the residential areas
(14 feet in most areas, 4 feet minimum), which will substantially limit, if not
prevent, future exposure to any residual levels of chemicals in site soil.

that future residents would have frequent, long-term exposure to soil based on
current conditions.

Under this assumption, future on-site residents could be exposed to chemicals
detected in soil via incidental ingestion, dermal contact, and inhalation of vapors or
resuspended particulates (i.e., dust). All of these pathways were considered in
the screening assessment. Another possible exposure pathway for non-volatile
compounds is ingestion of homegrown produce. There is considerable uncertainty
associated with evaluating potential health risks from this exposure pathway,
primarily due to the scientific community’s limited understanding of the transport of
chemicals in soil into plants. Given this considerable uncertainty, and the fact that
a minimum of 4 feet of clean fill will be placed in the residential areas prior to
redevelopment, ingestion of homegrown produce was not evaluated in this
screening assessment. The exclusion of this pathway may underestimate the

estimated potential noncancer hazard indices or excess cancer risks for some
chemicals.

Shallow groundwater at the Project Site is not currently used for any purpose, and
is not expected to be used in the foreseeable future due to limited groundwater
occurrence and low formation permeability that does not yield sufficient quantities
of water for drinking or irrigation purposes (see Section 4.4). Domestic water will
be supplied to the future residential development from other sources. Surface

water at the site is limited to the wetland in the South Valiey, which is outside of
the area to be developed for residential use. (Intermittent seeps are discussed
within the context of groundwater samples.) Nevertheless, for purposes of this
screening-level assessment, it was assumed that future residents would use either
groundwater or surface water for domestic purposes at some time in the future.
Under this assumption, future on-site residents could be exposed to chemicals
detected in groundwater or surface water via ingestion, dermal contact, and
inhalation of vapors (see Figure 7-1).

In addition to the future on-site residents described above, recreational users of the
portions of the Project Site that will remain as open space may also be exposed to
residual chemicals in soil via incidental ingestion, dermal contact, and inhalation of
vapors or particulates, and residual chemicals in surface water via dermal contact
and inhalation of vapors (see Figure 7-1). However, the extent of exposure to
recreational users would be significantly less than that assumed for future on-site
residents. Therefore, recreational users are not included in the guantitative portion
of this screening assessment.
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7.1.3  Selection of Screening Criteria .
EPA Region IX PRGs for residential soil or tap water (U.S. Environmental
Protection Agency, 2000a) were used to screen chemicals detected in soil or

groundwater and surface water, respectively. PRGS combine current EPA
toxicity va A ands RO SRR .

environmental medla (e.g., soil) that are protective of human health over a lifetime.
The specific exposure factors used to calculate the PRGs for this evaluation are
provided in Exhibit 4-1 of the PRG documentation issued by EPA Region X in
1999 (U.S. Environmental Protection Agency, 1999a). Examples of these factors
include a child soil ingestion rate of 200 mg per day, adult drinking water ingestion
rate of 2 liters per day, exposure frequency of 50 days per year, and exposure
duration of 30 years (6 years as a child, 24 years as an adult). PRGs are based
on either noncancer or cancer effects; the lowest value is chosen as the final PRG
for chemicals that may cause both types of effects.

The residential soil PRGs are appropriate for evaluating chemicals detected in soil
in this assessment, because they assume continuous and long-term exposure to
chemicals in soil via the same exposure pathways as identified in the Conceptual
Site Model (i.e., mgestlon dermal contacf and inhalation of vapors or

groundwater and surface water tap water PRGs assume long-term exposure to
chemicals in water via ingestion of drinking water at a rate of 2 liters per day and
inhalation of vapors for volatile chemicals. The tap-water PRGs do not include
potential exposure via dermal contact. Nevertheless, the tap-water PRGs are
considered sufficiently conservative for purposes of this screening-level
assessment. Using tap-water PRGs to evaluate surface water is very
conservative, in that it assumes a person drinks 2 liters per day of surface water.

This is an unrealistic assumption because surface water is limited to the wetland
in the South Valley.

It should be noted that PRGs have not been developed for a number of chemicals
detected in one or more areas of interest at the Project Site. For two chemicals
(2,6-DNT and tetryl), PRGs were calculated according to EPA Region 1X

methodology using toxicity criteria from Cal/EPA (1994b). For the maijority of the
remaining chemicals, sufficient information was available to identify a surrogate
PRG based on similarities in chemical, physical, and toxicological characteristics.
Those chemicals for which insufficient information was available to identify a
surrogate PRG were evaluated qualitatively in conjunction with the quantitative

analysis for the other chemicals.

Finally, the PRGs for some of the inorganic chemicals lie near or below the
estimated ambient concentrations for the Project Site. For example, the arsenic
residential PRG of 0.39 mg/kg is significantly below the 95th percentile of the site
ambient data of 18.2 mg/kg (see Section 6.1). Similarly, the 95th percentile of the
site ambient data for iron in soil is 43,805 mg/kg, while the residential PRG is
23,000 mg/kg. Finally, the residential PRG for manganese of 1,800 mg/kg is only
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slightly greater than the 95th percentile of the site ambient data of 1,645 mg/kg. In
these instances, it is often appropriate to modify the PRG to consider the ambient
concentrations (Environmental Protection Agency, 2000a). However, for this
assessment, the screening risk calculations were based on the residential PRG
values without consideration of the ambient concentrations. When appropriate,

calculations are presented both with and without the arsenic, iron, and/or

manganese results. A more detailed evaluation of arsenic, iron, and manganese
concentrations detected at the Project Site is provided in Appendix E and is
discussed further in Section 7.1.4.11.

7.1.4 Screening-Level Health Risk Estimates for Soil

Screening-level estimates of potential human health risks associated with
exposure to the chemicals detected in soil were calculated using the maximum
detected concentration, regardless of depth, in each area of interest at the Project
Site, along with residential PRGs.

Human health risk estimates were calculated in terms of noncancer hazard indices
(His) for chemicals with PRGs based on noncancer effects, and in terms of
theoretical lifetime excess cancer risks for chemicals with PRGs based on cancer

effects. As described by EPA Region 1X, these estimates were calculated

according to the following equations:

Noncancer Hazard Index

max conc, + maxconc, o+ maxconc,
PRG PRG, @~ PRG

a

HIl =

n

Excess Cancer Risk (ECR)

ECR = [(max conc, )+ (max conc, Yoot (max conc, J1x10~¢
PRG, PRG PRG

b c

The results of this assessment for each area are summarized in Tables 7-1
through 7-10; the major findings for each area of interest are summarized below.

7.1.4.1 TNT Strips.

The estimated screening-level total excess cancer risk for the TNT Strips is 2x10-
2, primarily due to TNT and 2,4-DNT (see Table 7-1). Other chemicals that
contribute to the total excess cancer risk include arsenic, 2,6-DNT, TNT
breakdown products (2-amino-4,6-dinitrotoluene, 2-amino-2,6-dinitrotoluene, or a
combination of the two [reported as amDNTs)), and RDX. The estimated total
excess cancer risk, excluding arsenic, is 2x10-2.

The estimated screening-level total noncancer HI for the TNT Strips is 7, primarily
due to iron and manganese and, to a lesser extent, 2,3-dinitrobenzene. The
estimated total noncancer Hl, excluding iron and manganese, is 2.

7/28/01/2:40 PM/173-01/sec-7
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Total phosphorus was detected at the TNT Strips at a maximum concentration
of 485 mg/kg. A PRG has not been developed for this chemical; however, this
value is only slightly greater than the 95™ percentile of the site ambient data of
458 mg/kg. A more detailed evaluation of the distribution of total phosphorus in
soil at the TNT Strips indicates that site soils have not been impacted by total

phosphorus (see Section 6.2.1).

7.1.4.2 Howitzer Test Facility.

The estimated screening-level total excess cancer risk for the Howitzer Test
Facility is 7x10-5, primarily due to arsenic and, to a lesser extent,
dibenz(a,h)anthracene (see Table 7-2). The estimated total excess cancer risk,
excluding arsenic, is 3x10-6.

The estimated screening-level total noncancer HI for the Howitzer Test Facility is
3, primarily due to iron and manganese. The estimated total noncancer HI,
excluding iron and manganese, is 1.

Total phosphorus was detected at the Howitzer Test Facility at a maximum
concentratlon of 1,470 mg/kg. A PRG has not been developed for this chemical,

458 mg/kg However as discussed in Section 6.2.2, a more detailed evaluation of
the distribution of total phosphorus in soil at the Howitzer Test Facility indicates
that site soils have not been impacted by total phosphorus.

7.1.4.3 North Valley Military Landfill.

The estimated screening-level total excess cancer risk for the North Valley Military

Landfill is 6x10-5, primarily due to arsenic (see Table 7-3). The estimated total
excess cancer risk, excluding arsenic, is 2x10-6.

The estimated screening-level total noncancer HI for the North Valley Military
Landfill is 4, primarily due to iron and manganese. The estimated total noncancer
HI, excluding iron and manganese, is 0.9.

he North Valley Military Landfili at a
concentration of 0.018 mg/kg. A PRG has not been developed for this chemical;
however, given that it was detected in only one sample at such a low
concentration, 2-hexanone is not expected to contribute significantly to the overall
heath risk estimated for this area.

2-hexanone was detectad in one

L=

7.1.4.4 Ammunition Renovation/Primer Destruction Site.

The estimated screening-level total excess cancer risk for the Ammunition
Renovation/Primer Destruction Site is 7x10-5, primarily due to arsenic and, to a
lesser extent, benzo(a)pyrene (see Table 7-4). The estimated total excess cancer
risk, excluding arsenic, is 4x10-6.

Final Remedial Investigation/Feasibility Study 7/28/01/2:40 PM/173-0V/sec-7
Tourtelot Cleanup Project, Benicia, California




The estimated screening-level total noncancer Hi for the Ammunition
Renovation/Primer Destruction Site is 6, primarily due to iron and manganese.
The estimated total noncancer HI, excluding iron and manganese, is 1.

P-cymene (p-isopropyltoluene) was detected in one sample from the Ammunition
Renovation/Primer Destruction Site at a concentration of 0.0037 ma/kg. A PRG
has not been developed for p-cymene; however, given that it was detected in only
one sample at such a low concentration, p-cymene is not expected to contribute
significantly to the overall health risk estimated for this area.

7.1.4.5 Miscellaneous North Valley.

The estimated screening-level total excess cancer risk for the North Valley outside
of the previously identified areas of interest is 1x10-4, primarily due to arsenic (see
Table 7-5). The estimated total excess cancer risk, excluding arsenic, is 2x10-6.

The estimated screening-level total noncancer Hl for the North Valley outside of the
previously identified areas of interest is 2, primarily due to iron. The estimated
total noncancer Hl, excluding iron, is 0.04.

7.1.4.6 Flare Site.

The estimated screening-level total excess cancer risk for the Flare Site is 1x10-4,
primarily due to arsenic and, to a lesser extent, dioxins (including dioxin and furan
congeners) (see Table 7-6). The estimated total excess cancer risk, excluding
arsenic, is 9x10-6.

The estimated screening-level total noncancer HI for the Flare Site is 40, primarily
due to antimony, barium, copper, iron, lead, and manganese. The estimated total
noncancer Hl, excluding iron and manganese, is 30.

Total phosphorus was detected at the Flare Site at a maximum concentration
of 614 mg/kg. A PRG has not been developed for this chemical; however, this
value is only slightly greater than the 95th percentile of the site ambient data of

458 mg/kg, and a more detailed evaluation of the distribution of total phosphorus in
soil at the Flare Site indicates that site soils have not been impacted by total

QT W =LalTe U = e [ SL=i=1 0 LS VY

phosphorus (see Section 6.4.1).
7.1.4.7 Demolition Site #1.

None of the PRGs for chemicals evaluated in the Demolition Site #1 are based on
a cancer endpoint; therefore, no estimated screening-level excess cancer risk was
calculated for this area. The estimated screening-level total noncancer HI for
Demolition Site #1 is 2, primarily due to iron (see Table 7-7). The estimated total

noncancer Hl, excluding iron, is 0.05.
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7.1.4.8 Demolition Site #3.

The estimated screening-level total excess cancer risk for Demolition Site #3 is
6x10-5, which is due entirely to arsenic (Table 7-8). Because arsenic is the only

chemical evaluated in Demolition Site #3 with a PRG based on a cancer endpoint,

an estimated total excess cancer rlel{ nvt\lnrhnn arsenicy cannot be calculated § for
this area.

The estimated screening-level total noncancer Hi for Demolition Site #3 is 4,
primarily due to iron and manganese. The estimated total noncancer HI, excluding
iron and manganese, is 0.5.

7.1.4.9 Miscellaneous South Valley.

None of the PRGs for chemicals evaluated in the South Valley outside of the
previously identified areas of interest are based on a cancer endpoint; therefore, no
estimated screening-level excess cancer risk was calculated for this area. The
estimated screening-level total noncancer Hi for the South Valley outside of the
previously identified areas of interest is 0.5 (see Table 7-9).

7.1.4.10 MceAllictor

vawdura v v i

The estimated screening-level total excess cancer risk for the McAllister Drive
Land Bridge is 5x10-7 (see Table 7-10). The estimated screening-level total
noncancer Hl for the McAllister Drive Land Bridge is 0.009.

7.1.4.11 Interpretation of Risk Estimates for Solil,

The significance of the screening risk estimates presented above must be
evaluated within the context of the screening-level nature of this assessment. For
example, the screening risk estimates are based on a hypothetical resident under
current site conditions, and do not take into account that several areas of interest
will never be used for residential purposes, and that much of the future residential
area will be constructed on top of clean, imported fill material. Additionally, the
screening risk estimates are based on the maximum detected concentrations
within each area, regardless of depth. The format of this assessment is different
than a typical baseline risk assessment because the purpose was to rapidly
screen detected chemicals against risk-based criteria to identify chemicals for
which remediation goals will be developed.

Within this context, several explosive compounds in the TNT Strips area;
benzo(a)pyrene and dibenz(a,h)anthracene) in stockpiles in the Ammunition
Renovation/Primer Destruction site or Howitzer Test Facility; and dioxins and
furans, antimony, barium, copper, lead, and zinc in the Flare Site contributed most
significantly to the screening risk estimates. Remediation goals are proposed for
these chemicals in Section 7.3.
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Cagbalt ma/kg

@

Capper ma/kg - - - - - - - -
Lead mg/kg - - - - - - B} B}
Molybdenum mg/kg - - - - - - - .
Nickel mg/kg - - - - - - - -
Seglenium my/kg - - - - - - . .
Silver mg/kg - - - - - - - -
Thallium ma/kg - - - - - - - -
Vanadium mag/kg - - - - - - . -
Zinc mg/kg - - - - . - - -
Nitrate as Nitrogen mg/kg - - - - - - - .
itrate/Nitrite as Nitrogen mg/kg - - - - - - - -
mg/kg - - - - - - - -

losive Compounds
ma/kg - - - - - - - -
mg/kg - - - - - - - -
lonite (RDX) ma/kg - - - - ND 1.0 - -
,5-Trinitrobenzene ma/kg - - - - - - - -
-Dinitrobenzene ma/kg - - - - - - - -
mg/kg - - - - . - - .
Nitrobenzene mg/kg - - - - - - . -
2,4;6-Trinitrotoluene(TNT) mgrkg D 1.0 ND 10 ND 1.0 ND 1.0
4-Amino-2,6-Dinitrotoluene ma/kg - - - - - - - -
2-Amino-4,6-Dinitrotoluene mg/kg - - - - - - - -
2,4-Dinitrotoluene mg/kg - - - - - - - -
2,6-Dinitrotoluene ma/kg - - - - - - . -
4-Nitrotoluene ma/kg - - - - - R . R
3-Nitrotoluene mg/kg - - - - - - - .
2-Nitrotoluene mg/kg - - - - - - - -
Phosphate mg/kg - - - - - - . .

Notde:

- Comm e

by SECOR i ationai, inG, A icai daia on this iabie
was wmdsd lo Earth Tech by SECOR, as shown, with no modification.
Analy data have not baen veritied or validated by Eanh Tech.

- = bt analyzed

mg/kp = milligrams per kiogram

MDL )= Method Detaction Limit

ND = not detected above the Method Detaction Lim

Notes regarding SS mamples:

§5 =|eoll sample

Samples collected from depths randging from 2 1o 5 inches balow the ground
wr!aFa.

Melals were analyzed for using EPA Method SWS000 sarkag,

Pl were lor using EPA Method SWB330.

s.:trna analysis of Sampies 55-30 and 88-33, .
"SarLgia analyzad using EnSys Soll Tast Systam, Rapid Flekd Screan tor TNT
and RDX.

Notes regarding FSS samplea:

FBS 3 fiokd scresning soll sample

Soll shmples not ait dried

F8s -Mzaﬂ using EnSys Sol Test System, Rapid Fleld Screan for TNT and

Sourcg: SECOR Intemational, Inc.




‘ Table 3-8. SECOR Analytical Results for Soil
Outside Areas of Interest
(Unvalidated Screening-Level Data)

(10 of 12)

Outside Areas of Interest _ Field Sample 1D FSS-13 FSS-14 F5S-15 F55-16

Sampie Date 12/02/98 12/02/98 12/02/08 12/02/08
Parameter } Units Result MDL Result MDL Result MDL Result MDL
Metals
Antimony ma/kg - - - - . - - -
Manganese mg/kg - - - - - - - -
Potassium mg/kg - - - - - - - -
Arsenic mg/kg - - - - - - - -
Barium ma/kg - - - - - - - -
Beryllium i mag/kg - - - - - - - .
Cadmium ; mg/kg - - - - - - . -
Chromium i mg/kg - - - - - - - .
Cobalt mg/kg - - - - - - - .
Copper ma/kg - - - - - - . .
Lead ma/kg - - - - - . - -
Molybdenum | mg/kg - - - - - - - -
Nickel 1 mg/kg - - - - - - - -
Selenium i mg/kg - - - - - - B -
Silver ! mg/kg - - - - - - . .
Thallium \ mg/kg - - - - - R . .
Vanadium ! mg/kg - - - - - . - .
Zinc ma/kg - - - - - . - .
Nitrate as Nitrogen ma/kg - - - - - - - -
Nitrate/Nitrite as Nitrogen } mg/kg B - - - - - . .
Mercury i mg/kg - - - - - - - .
Explosive Compounds
PETN mg/kg - - - - - - - R
HMX mg/Kg - - - - - - - -
Cyclonite (RDX) i ma/kg - - - - - - - -
1,3,5-Trinitrobenzene ' mg/kg - - - - - - - -
1,3-Dinitrobenzene mg/kg - - - - - - - -
Tetryl mg/kg - - - N - . . .
Nitrobenzene ‘ mg/kg - - - - - - - .
2,4, 6-Trinitrotoluene (TNT) mg/kg ND 1.0 ND 1.0 ND 10 ND .0
4-Amino-2,6-Dinitrotoluene ma/kg - - - - - - . -
2-Amino-4,6-Dinitrotoluene I ma/kg - - - - - - - -
2,4-Dinitrotoluene mg/kg - - - - - - - .
2,6-Dinitrotoluene mg/kg - - - - - - - -
4-Nitrotoluene mg/kg - - - - - - - -
3-Nitrotoluene ! markg - - - - - - - R
2-Nitrotoluene ; ma’kg - - - - - = - R
Phosphate ma/kg - - - - - N _ -
Notea: !
Data by SECOR Inc. A ytical data on this tabie

was provided to Earth Tech by SECOR, as srbwn, with no moditication.
Analytical data have nol been verified or validated by Earth Tech.

- = not analyzed

mg/kg = milligrams per kilogram

MDL = Method Detection Limit

NO = not detected above the Mathod Dataction Limit

Notes regarding S5 samplec: 1

88 = goil sample !

Samplas collected trom depths ranging from 2 1o 5 Inches below the ground
surfaca. .

Metals were analyzed for using EPA Method SWE000 saries.

P wers for using EPA Method SW8330.

*Sacond analysis of Samples $8-30 and 55-33.

“Sampis analyzed using EnSys Soli Tast System. Rapid Field Scraen tor TNT
and RDX. i

Notes regarding FSS samples:
FSS = lield screening soil sample
Soll samplas nol air dried

FSS analyzed using EnSys Soil Test System. Rapid Fietd Screen for TNT and
RDX,

Source: SECOR International, Inc.




R R EEE———————

_—
v

Table 3-8. SECOR Analytical Results for Soll
Outside Areas of Interest
(Unvalidated Screening-Level Data)

(11 0f12)
Oftside Areas of Interest  Field Sample 1D FS5-17 FSS-18 FSS-19 F§5-20
Sample Date 12/02/98 12/02/58 12/02/98 12/02/98

Parameter Units Result MDL Result MDL Resuit MDL Result MDL
Metals
Antimony ma/kg - - - - - - - -
Manganese ma/kg - - - - - - R _
Patassium ma/kg - - - - - - - -
Arsenic mg/kg - - - - - - - .
Bajrium ma/Kg - - - - . - - -
Berryllium ma/kg - - - - - - - -
Cadmium mg/kg - - - - R . . .
Chromium ma/ka - - - - - - - -
Cabalt ma/kg - - - - - - - -
Copper ma/kg - - - - - - - -
Lead mg/kg - - - - - - - -
Malybdenum ma/kg - - - - - - . N
Nigke! markg - - - - - . B .
Selenium ma/kg - - - - - - R R
Silyer mg/kg - - - - - - - -
Thallium ma/kg - . - - . R . _
Vapadium mg/kg - - - - - . . .
Zi mg/kg - - - - - - - -
Nitfate as Nitrogen mg/kg - - - - - - - .
Nittate/Nitrite as Nitrogen mg/kg - - - B - . - -

mg/kg - - - - - - N -
Explosive Compounds

mg/kg - - - - - - - -

mg/kg - - - - - - . -
Cyg¢lonite (RDX) mg/kg - - - - - - . -
1,3)5-Trinitrobenzene ma/kg - . - - - - - -
1,3tDinitrobenzene ma/kg - - - - - - - -

mg/kg - - - - - - - -
Nitfobenzene mg/kg - - - - - . . .

toiusne (TNT) ma/kg ND 1.0 ND 1.0 ND 1.0 ND 1.0

4-Amino-2,6-Dinitrotoluene ma/kg - - - - - - . R
2-Amino-4,6-Dinitrotoluens ma/kg - - - - - - - -
2,4¢Dinitrotoluene ma/kg - - - - - - - .
2,61Dinitrotoluene ma/kg - - - - - - - -
4-Nitrotoluene mg/kg - - - - - - - R
a-aitrotoluene mg/kg - - - - - - - .
2-Njtrotoluene ma/kg - - - - - - - -
Phgsphate mg/kg - - - - - - _ .
Notep:

Data potisciad by SECOR inwmationai, inc. Analybcal daia on ihis table
wag frovided to Earth Tech by SECOR, as shown. with no modificaton,
Analyfical data have not bean ventied or vabdated by Earth Tech.

- = it analyzed

mg/AKQ = miligrams per Kiogram

MDL = Method Detection Limit

ND = ot detected above the Method Detaction Limit

Notes regarding S5 ammples:

S8 = Boil sample
Sa;npummmrmmwmmzwsmmmgm
surfage.

Mstals wers analyzed for using EPA Method SWE000 sartes,

E wom for using EPA Mathod SWB230.

*Sacond analysis of Samples $5-30 amd 55-33,

“Surga analyzed using EnSys Soil Test Sysiem, Rapkd Field Scraan tor TNT
and APX.

Notes| regarding FSS sampies:
F&8 5 fiald screening sobl sample
Soll sgmplas not air dred

FSS analyzed using EnSys Soll Test Systam, Rapid Field Scroen for TNT and
RDX.

Source; SECOR Intemational, Iinc.




Table 3-8. SECOR Analytical Results for Soil
Outside Areas of Interest
(Unvalidated Screening-Level Data)

(12 of 12)
Outside Areas of Interest  Field Sample 1D FSS5-30
Sample Date 12/02/98

| Parameter Units Result MDL

| Metals

} Antimony mag/kg - -

| Manganese mag/kg - -
Potassium mg/kg - -
Arsenic mg/kg - -
Barium ma/kg - -
Beryllium mg/kg - -

| Cadmium mg/kg - -

| Chromium ma/kg - -
Cobalt mg/kg - -
Copper mg/kg - -
Lead mg/kg - -
Molybdenum mg/kg - -
Nickel ma/kg - -
Selenium ma/kg - -
Silver mg/kg - -
Thallium ma/kg - -
Vanadium mg/kg - -
Zinc myg/kg - -
Nitrate as Nitrogen mg/kg - -
Nitrate/Nitrite as Nitrogen mg/kg - -
Mercury mg/kg - -
Explosive Compounds
PETN mg/kg - -
HMX mag/kg - -
Cyclonite (RDX) mg/kg - -
1,3,5-Trinitrobenzene ma/kg - -
1,3-Dinitrobenzene ma/kg - -
Tetryl mg/kg - -
Nitrobenzene mg/kg - -
2,4,6-Trinitrotoiuene (TNT) mg/kg ND i.0
4-Amino-2,6-Dinitrotoluene ma/kg - -
2-Amino-4,8-Dinitrotoluene mg/kg - -
2,4-Dinitrotoluene ma/kg - -
2,6-Dinitrotoluene mg/kg - -
4-Nitrotoluene mag/kg - -
3-Nitrotoluene mg/kg - -
2-Nitrotoluene mg/kg - -
Phosphate mg/kg - -

Notes:

Data coliected by SECOR Intemational, Inc. Anatytical data on this table
was provided to Earth Tech by SECOR, as shown, with no modification.
Anatytical data have not been verliled or validated by Earth Tech.

- = not analyzed

mg/kg = milligrams per kilogram

MDL = Method Detection Limit

ND = not detected above the Method Detection Limit

Notes regarding SS samples:

S5 = soil sample

Samples collected from dapths ranging from 2 to 5 inches below the ground
surface.

Metals ware analyzad for using EPA Method SW6E000 sarles.

Xpi o werm for using EPA Mathod SWB330.

*Sacond analysis of Sampies S55-30 and $5-33.

~Sample analyzed using EnSys Soll Tast System, Rapid Fiekd Scraen tor TNT
and RDX

|

; Notes regarding FSS samples:
‘ FSS = field screening soil sample
I Soll sampies not air dried

FS8 analy2ed using EnSys Soil Test Systam, Rapid Fleld Screon for TNT and
RDX.

Source: SECOR International, Inc.




Table 3-9. SECOR Analytical Results for Surface Water
South Valley Wetlands
(Unvalidated Screening-Level Data)

. South Valley Wetlands Field Sample ID WS-1 Ws-1 WS-2 WS-2
(Water Sampies lample Date /98 /10/98 04/98 <!
Parameter Units MDL
Metals
Antimony mg/L 60.0 ND ND ND ND
Manganese mg/L 5.00 377 25.9 22.6 ND
Potassium mg/l 5000 ND ND ND ND
Arsenic mg/L 100 ND ND ND ND
Barium mg/L 400 82.3 56.1 123 9.24
Beryllium mg/L 1.00 ND ND ND ND
! Cadmium mg/L 10.0 ND ND ND ND
| Chromium mg/L 10.0 ND ND ND ND
Cobalt mg/L 7.00 ND ND ND ND
Copper mg/L 10.0 178 ND 1.8 ND
Lead mo/L 75.0 ND ND ND ND
Molybdenum mg/L 20.0 ND ND ND ND
Nickel mg/L 30.0 ND ND ND ND
Selenium ma/L 100 ND ND ND ND
| Silver mg/L 7.00 ND ND ND ND
Thallium mg/L 100 ND ND ND ND
Vanadium mg/L 10.0 1.1 ND ND ND
i Zinc mg/L 200 33.6 28.9 61.5 26.0
| Nitrate as Nitrogen ma/L 100 ND . 338 -
| Nitrate/Nitrite as Nitrogen mg/i. 100 ND - 338 -
I Mercury mg/L 0.20 ND ND ND ND
Explosive Compounds
PETN mg/L. 1.50 ND - ND -
HMX mg/L 1.50 ND - ND -
Cycionite (RDX) mg/L 1.50 ND - ND -
1,3,5-Trinitrobenzene mg/L 1.50 ND - ND -
1,3-Dinitrobenzene mg/L 1.50 ND - ND -
Tetryl ma/L 1.50 ND - ND -
Nitrobenzene mg/L 1.50 ND - ND -
. 2,4,6-Trinitrotoluene (TNT) ma/L 1.50 ND - ND -
wr 4-Amino-2,6-Dinitrotoluene mg/L 1.50 ND - ND .
i 2-Amino-4,6-Dinitrotoluene mg/L 1.50 ND - ND -
! 2,4-Dinitrotoluene mg/L. 1.50 ND - ND -
! 2,6-Dinitrotolugne ma/L 1.50 ND . ND .
i 4-Nitrotoluene my/L 1.50 ND - ND -
3-Nitrotoiuens mg/L 1.50 ND - ND -
2-Nitrotoluene mg/L 1.50 ND - ND -
Phosphate mg/L 50.0 85.3 - 95.4 -
Notas:
Oata by SECOR L . Inc. yticzal data on this table
was proviced 10 Earth Tech by SECOR. as shown, with no moditication,
Anaiytical data have hot been verttied or vakdatad by Earth Tech.
- ® ot analyzed
E MO = micrograms por Mer
| ML = Method Detecton Limit
ND = not detacied above the Method Detection Limit
Metals ware analyzad fof using EPA Method SWE000/7000 Series,
Nitrate/Nitrtie were analyzed for using EPA Method 353.2,
Tolal Phosphate was analyzad lor using EPA Method 365.2.

e N o
wars for uming EPA Maincd SWS330.

4

Sourge: SECOR Intemnational, Inc.




Table 4-1. Compounds of Interest and Association to Project Site

Page 1 of 2

Compounds of Interest

Association to Project Site Activities

Applicable Area of Interest

Explosives (incl. nitroaromatics and

nitroamines, RDX, HMX, nitroglycerin,

and PETN); specific compounds
analyzed by EPA Method SW8330
and listed in Tables 5-1 through 5-23

Known: burning of TNT; burning of
dynamite; burning of primers;

burning of flares; use of propellants;

demolition activities.

TNT Strips

Howitzer Test Facility

North Valley Military Landfili

Ammunition Renovation/Primer Destruction Site
Dynamite Burn Site

Flare Site

Metals from the CAM list plus major
metals (24 total): Al, Sb, As, Ba, Be,

A Ca Dr (dmtall MNa

Ny Ea
wud, wa, wi (\iaij, v, v, re, l'. I'Uy

Mg, Mn, Hg, Mo, Ni, K, Se, Sr, Ag,
Na, Tl V, Zn

PAHs; specific compounds analyzed
by EPA Method SW8310 or
SW8270C and listed in Tables 5-1

throw nnh 522

et}

Dioxins and Furans; specific
compounds analyzed by EPA
Method SW8290 and listed in Tables
5-1 through 5-23

Known: residue from flares and
explosives; scrap from casings.

Suspected: residue from
detonators; machine shop and
various industrial/manufacturing-
type activities.

Possible: see Table 4-2.

NOTE: metals are naturally
occeurring in the environment,

Suspected: by-product of
incomplete combustion of organic
chemical or organic matter;
component of heavy fue!

hydrocarbons and asphait.

Possible: by-product of incineration,

particularly wood products
permeated with preservative
pentachlorophenol.

NOTE: dioxins are ubiquitous in the
environment due to airborne
deposition from industrial activities.

Stockpile #1
Stockpile #2
Stockpile #3
Demolition Site #1
Demolition Site #2
Demolition Site #3

TNT Strips

Howitzer Test Facility

North Valley Military Landfill
Ammunition Renovation/Primer Destruction Site
Flare Site

Stockpile #1

Stockpile #2

Stockpile #3

Demolition Site #1
Demolition Site #2
Demolition Site #3

TNT Strips

Howitzer Test Facility

North Valley Military Landfill
Ammunition Renovation/Prim
Dynamite Burn Site

Flare Site

Stockpile #1

Stockpile #2

Stockpile #3

Demolition Site #1
Demolition Site #2
Demolition Site #3

TNT Strips

Howitzer Test Facility

North Valley Military Landfil

Ammunition Renovation/Primer Destruction Site

Dynamite Bum Site
Flare Site
Stockpile #1
Stockpile #2
Stockpile #3

8/8/01/1:34 PM/173-01/Tbl4-1
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Table 4-1. Compounds of Interest and Association to Project Site

Page 2 of 2

Compounds of Interest

Association to Project Site Activities

Applicable Area of Interest

Petroleum Hydrocarbons; measured
against diesel, motor oil, and
kerosene standards

Known: use of kerosene as a fuel
for burning of OE.

Suspected: underground diesel or
heating oil storage tanks; motor oil
from vehicles.

TNT Strips

Howitzer Test Facility

Ammunition Renovation/Primer Destruction Site
Stockpile #1

Stockpile #2

Stockpile #3

VOCs; specific compounds
analyzed by EPA Method SW8260B
and listed in Tables 5-1 through 5-23

Nitrate/Nitrite

Pentachlorophenol

Perchlorates

ydrazine

Chloropicrin

PCBs; specific compounds analyzed

AA_aL ) AVAIRADA ol ki

Dy :I'A NVIEINOA SVVoUsL ana ilblEU in

Tables 5-1 through 5- 23

Organochlorine Pesticides; specific
compounds analyzed by EPA
Method SW8081 and listed in Tables
5-1 through 5-23

Phosphorus

Possible: dust control

Suspected: cleaning and general
maintenance activity.

Known: gunpowder/propellant use.

Suspected: residue of explosives
breakdown; septic tank.

Possible: fertilizers.

Possible: Wood preservatives
associated with wood wastes.

Possible: rocket/missile fuel.

Fossibie: rocket/missile fuel;
breakdown of certain explosives
(e.g., RDX).

Possible: powerful chemical irritant
used with some WWil-era weapons;
indicator of chemical warfare

agents.

Possible: m

xture with petroleum
nyuwbafuuns for dust ¢

Ry
st conirol.

Possible: soils testing.

Suspected: residue from flares.

Destruction Site

Howitzer Test Facility

North Valley Military Landfill

Ammunition Renovation/Primer Destruction Site

Howitzer Test Facility
Ammunition Renovation/Primer Destruction Site
Dynamite Burn Site

North Valley Military Landfill

Howitzer Test Facility

Howitzer Test Facility

I\lUllll VdIIEy lVIlllldIy' Ldllullll
Ammunition Renovation/Primer Destruction Site

Soil Test Laboratory (Building 540) in Howitzer
Test Facility
North Valley Military Landfill

Flare Site

RDX hexahydro-1,3,5-trinitro-1,3,5-triazine

HMX =  octahydro-1,3,5,7-tetranitro-1,3,5,7-tetrazocine
PETN = pentaerythritol tetranitrate

CAM = California Assessment Manual

PAH = polynuciear aromatic hydrocarbon

PCB = polychlorlnated biphenyl

OE = ordnance and explosives

VOCs = volatile or]ganic compound

Final Remedial Investigation/Feasibility Study
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Table 4-2. Potential Association of Metals to Ordnance and Explosives

®

Metal

Page 1 of 2

Potential Association to OE

Aluminum (Al)

Antimony (Sb)

Arsenic (As)

Berylliium (Be)

Cadmium (Cd)

Calciurn (Ca)

Cobalt (Co)

Chromium (Cr)

Copper (Cu)

[ J— ~_n
iron (Fe)

Lead (Pb)

Magnesium (Mg)

Mercury (Hg)

Molybdenum (Mo)
Nickel (Ni)

B/8/01/1:36 PM/173-01/Tbl4-2

Metal (powder): mixed with TNT to form high explosives

Metal: small arms and tracer bullets; alloy for hardening of
lead bullets; machine tools
Sulfide: pyrotechnics and fire-proofing agent

Pyrotechnics, and improving the sphericity of shot

Nitrate: pyrotechnics and signal flares
Chromate: pyrotechnics

Oxalate: pyrotechnics

Peroxide: pyrotechnics

Perchlorate: explosives and rocket propeliant
Tartrate: pyrotechnics

Stearate: ammunition binder
Sulfide: fireproofing agent
Thiosulfate: explosives manufacturin

Compounds of nitrate and ¢chlorate u

o m
Lunls O PRI QI WU Als Woe

for pyrotechnics

o

No identified specific association; can be alloyed with
copper or other metals; machine parts

No identified specific association; bearings and batteries

Nitrate: explosives

Oxalate: pyrotechnics
Resinate: ammunition binder
Stearate: ammunition binder

No identified specific association; machine tools , magnets,
and alloyed with other metals

Chromate: pyrotechnics
Associated with steel and used to make armor plate

Metal: component of brass shell casings; jacket for bullets
Metal: component of steel shell casings; bullets

Metal: ammunition

Nitrate: pyrotechnics

Azide: detonator of various types of detonating fuses
Styphnate: primer and detonator mixtures
Thiocyanite: ammunition manufacturing

Metal (powder): pyrotechnics, flares, and incendiary bombs
Carbonate: ammunition

Fulminate: detonator widely used in explosives

No identified specific association; common lubricant

Metal (powder): chemical catalyst
Metal: component of stainless steel; used to make armor
plate; magnets and batteries

Final Remedial Investigation/Feasibility Study
Tourtelot Cleanup Project, Benicia, California




Table 4-2. Potential Association of Metals to Ordnance and Explosives
Page 2 of 2

Metal Potential Association to OE

Phosphorus (P) Elemental: pyrotechnics, incendiary shells, smoke bombs,
tracer bullets

Potassium (K) ; Nitrate: gunpowder
‘ Chlorate: pyrotechnics
Perchlorate: pyrotechnics, rocket fuel

Selenium (Se) 3 Blasting caps; chemical catalyst

Silver (Ag) Fulminate: powerful explosive

Sodium (Na) Nitrate: pyrotechnics, component of dynamite
Oxalate: pyrotechnics

Thallium (T1) No identified specific association

Vanadium (V) No identified specific association

Zinc (Zn) : Metal: component of brass

Chloride: fireproofing agent for wood

OE = ordnance and explosives
TNT =  2,46-trinitrotoluene

Final Remedial Investigation/Feasibility Study
8/8/01/1:36 PM/173-01/Tbid-2 Tourtelot Cleanup Project, Benicia, California
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Table 4-7. Summary of Removal Action Investigation - May/June 2000

North Valley Military Landfill

Scope of Investigation Thirty pits excavated thoughout the landfill (LFP-1 through LFP-30)

Soil samples collected from 15 pits plus four additional soil samples
collected from landfill soil stockpiles (LFM-1 through LFM-4)

Grab water samples collected from two pits (LFP-9 and LFP-24)

Media Sampled & All soit samples™ were analyzed for the following:

Analyses Performed - Explosives, including nitroglycerin and PETN
- PAUe

- 8VOCs (chloropicrin and pentachlorophenol)
- Metals (soil)/Dissolved Metals (water)

- Organochlorine pesticides

- PCBs

- Nitrate/Nitrite

- Perchlorate

*Because of iimited sample volume, LFM-1 was not analyzed for nitrate/nitrite
or SVOCs (chloropicrin and pentachlorophenol).

Soil samples from LFM-1, LFM-2, LFM-3, LFM-4, LFP-1, LFP-7, LFP-10, LFP-
12, LFP-22, LFP-24 were also analyzed for dioxins/furans.

Both grab water samples were analyzed for the following:
- Explosives, including nitroglycerin and PETN

- PAHs

- TEPHs

-VOCs

- 8VOCs (chloropicrin and pentachlorophenol)
- Metals (soil)/Dissolved Metals (water)

- Organochlorine pesticides

- PCBs

- Nitrate/Nitrite

- Dioxins/Furans

Comments Shallow groundwater was encountered at 4 feet bgs in test pit LFP-9 and
4 feet bgs in test pit LFP-24.

Maximum depth of test pits ranged from 2 feet (LFP-2) to 10 feet (LFP-24)

Samples analyzed by the following EPA Test Methods:

- Explosives, including nitroglycerin and pentaerythritol tetranitrate (PETN), by EPA Method SW8330

- Polynuclear aromatic hydrocarbons (PAHs) by EPA Method SW8310

Total extractable petroleum hydrocarbons quantified against a diesel, motor oil, and kerosene standard (TEPH-D/MO/K),
respectively, by California LUFT Modified EPA Method SW8015B88

Volatile organic compounds (VOCs) by EPA Method SW82608

Semi-volatile organioc compounds (SVOCs) by EPA Method SW8270C

Caiifornia Assessment Manual (CAM) 17 metals, plus aluminum, calcium, iron, manganese, potassium, phosphorus (total),
and sodium by EPA Methods SW6010B, SW7470A, and SW7471A

Organochlorine pesticides by EPA Method SW8081A

Polychlorinated biphenyls (PCBs) by EPA Method SW8082

Dioxins/furans by EPA Method SW8290

- Perchlorate by California Department of Health Services (CADOHS) 300.0 Modified

- Nitrate/nitrite as nitrogen by EPA Method 300.0

bgs = below ground surface

Final Remedial Investigation/Feasibility Study
§/8/01/1:45 PM/173-01/Thid-7 Tourtelot Cleanup Project, Benicia, California
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Table 4-8. Log K, and Vapor Pressure for Selected Compounds of Interest

b
d
x
qcelone
1
[»
2
2,

Compounds of Interest log Ko Source* Vapor Pressure** Source*
xplosives
.4,6-Trinitrotoluene (TNT) 27 EPA, 2000 2.00E-04 Montgomety, 1996
,4-Dinitrotoluene 1.8 Montgomery, 1996 1.10E-04 Montgomery, 1996
,6-Dinitrotoluene 1.8 Montgomery, 1996 3.50E-04 Montgomery, 1996
itrobenzene 1.49-2.36 Montgomery, 1996 0.15 Montgomery, 1996
etryl 237 Montgomery, 1996 <1.0 Montgomery, 1996
olycyclic Aromatics
enzo(g,h,i)perylene 6.20 ASTM, 1995 1.00E-10 Montgomery, 1996
enzo(a)antnracene 6.14 ASTM, 1995 5.00E-09 Montgomery, 1996
enzo(a)pyrene 5.59 ASTM, 1995 5.25E-09 Mackay et al., 1992b
yrene 458 ASTM, 1995 4.50E-06 Mackay et al., 1992b
enzo(k)fluoranthrena 5.74 ASTM, 1995 3.90E-10 Mackay et al., 1992b
hrysene 5.30 ASTM, 1995 4.28E-09 Mackay et al., 1992b
Indeno(1,2,3-c,d)pyrene 7.49 Montgomery, 1996 1.01E-10 Montgomery, 1996
luoranthene 4.58 ASTM, 1995 9.23E-06 Mackay et al., 1992b
aphthalene an ASTM, 1995 7.80E-02 Mackay et al., 1992b
henanthrene 4.15 ASTM, 1995 1.50E-04 Mackay et al., 1992b
cenapthylene 3.68 Montgomery, 1996 6.68E-03 Montgomery, 1996
Volatile Organics
lec-butylbenzene 2.95 Montgomery, 1996 18 Montgomery, 1996
-butanone 1.47 Montgomery, 1996 N Montgomery, 1996
ibromochioromethane 1.92 Montgomery, 1996 76 Montgomery, 1996
enzene 1.58 ASTM, 1995 95 Mackay et al., 1992a
ethylene chloride 0.94 Montgomery, 1996 362 - 455 Montgomery 1996
jt'hylbenzene 1.98 ASTM, 1995 9.5 Mackay et al., 1992a
romodichloromethane 1.79 Montgomery, 1996 50 Mackay et al., 1993¢c
hloroform 1.46 - 1.94 Montgomery, 1996 197 Mackay et al., 1993¢
ylene (all isomers) 1.92-3.2 Montgomery, 1996 66-88 Montgomery, 1996
nominal Montgomery, 1996 180 - 235 Montgomery, 1996
324-397 Montgomery, 1996 2.1 Montgomery, 1996
\2,4-trichlorobenzene 294-51 Montgomery, 1996 0.29-04 Montgomery, 1996
ioxins/Furans
3,7,8-TCDD 6.6 Montgomery, 1996 1.50E-09 Mackay et al., 1992b
3,7.8-TCDF 52-75 Mackay et al_, 1992b 1.40E-08 Mackay et al., 1992b
Pesticides
p,p’-DDD 538 -6.60 Montgomery, 1996 4.68E-06 10 1.22E-05 Montgomery, 1996
pip-DDT 5.14-6.70 Montgomery, 1996 1.00E-07 to 6.23E-06 Montgomery, 1996
Lindane 238-3.52 Montgomery, 1996 1.43E-05 to 8.03E-04 Montgomery, 1996
Bs
B-1018 441 -5.51 Montgomery, 1996 9.0E-04 Montgomery, 1996
iFBJZGO 6.42 Montgomery, 1996 1.50E-06 to 9.00E-05 - Mackay et al., 1992a
her Compoounds
Pentachlorophenol 248-4.16 Montgomery, 1996 1.7E-05 to 1.7E-04 Montgomery, 1996
Chloropicrin 0.82 Montgomery, 1996 23.80 Montgomery, 1996
Hydrazine unknown wa 14.40 NAS, 1993
Nptes:
*|see References saction of this document for full citation
“/mm Hg @ 20 or 25 degrees Celsius ( °C)

NAS = National Academy of Sciences
PLBs = Polychlorinated Biphenyls

= Not Applicabie

TEDD = Tetrachlorodibenzo-p-dioxin
TCDF = Tetrachlorodibenzo furan

DDPD = 4,4'-dichiorodiphenyidi-chloroethane
DDT = 4-4'-dichiorodiphenyltrichioro-ethane

8/9/01/4;28 PW173-01/Tbla-3
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Table 4-10. Depth to Groundwater in Soil Boreholes

Approximate Ground Approximate Water
Depth to Water Elevation Elevation

Borehole # (ft. bgs) (ft. msl) (ft. msl)

! North Valley
TW-1 10 153 143
MW-3 (TW-3) 22 126 104
MW-3A 15 127 112

| Mw-3B 15 127 112
MW-4 (TW-4) 22 138 116
MW-4A 12 138 126
MW-6 14 154 140
Mw-8 14 160 146
MW-14 10 107 97
B-18 21 167 146
HF-5 18 151 133
HF-8 13 153 140
LB-2 17 85 , 68
South Valley
MW-10 3 113 110
MW-11 14 79 65
MW-12 (TW-12) 23 65 42
B-9 8 160 152
GB-14 7 171 164

GB-17 11 92 81
ft

.bgs = feet below ground surface
ft. msl = feet above mean sea level
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Table 4-12. Hydraulic Conductivities Determined by Slug Testing - August 2000

rMydrauiic Conductivity (feet/day)

Well ID Hvorslev Method Bouwer and Rice Method
Alluvial/Interface Wells MW-2 0.47 0.45

MW-10 0.18 0.16

MW-11 2.0 1.6
Bedrock Welis MW-3B8 0.60 0.59

MW-4A 0.040 0.036

' MW-6 1.00 0.82
%
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