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This report summarizes activities conducted between April and June 1999 that we recommended in our -
December 1998 Site Closure Assessment Report, and that were delineated in the SES workplan approved
by your agency and CDFG. The scope of work included one stream bioassessment event (conducted by
CDFG); one groundwater and creek surface water monitoring event; and an exploratory borehole drilling,
sampling and analysis program. If you have any questions regarding this report, please contact Mr. Ken
Burger of the District or contact us directly at (510) 644-3123.

Sincerely,

Bue M- Ludy

Bruce M. Rucker, R.G.,, RE.A
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EXECUTIVE SUMMARY

Stellar Environmental Solutions (SES) was retained by East Bay Regional Park District (District)
to conduct additional residual contamination site investigations at the Redwood Regional Park
Service Yard fuel leak site at 7867 Redwood Road, Oakland, Alameda County. Tasks conducted
gince the previous SES report included: an instream bioassessment event per California Department
of Fish and Game protocols; an exploratory borehole sampling and analysis investigation; and one
groundwater and surface water monitoring event. This scope was designed to fill data gaps about
the extent of residual hydrocarbon contamination downgradient of the former underground fuel

storage tank area, and to evaluate impacts from the groundwater plume on aquatic organisms in
Redwood Creek.

The site has undergone site investigations and remediation since 1993 to address the subsurface
contamination caused by leakage from one or more of the two former underground fuel storage tanks
(UFSTs) that contained gasoline and diesel fuel. The UFSTs and the majority of source area
contaminated soil were removed in 1993, An estimated volume of 850 CY of petroleum-
contaminated soil with concentrations above 1,000 mg/Kg is estimated to be left in place in the area
of the original excavation and downgradient of it along the pathway of the plume;: Most of the
residual contaminated soil exista in the capillary fringe up to 150 feet downgradient of the former
UFSTs, resulting from the sorption of fuel constituents from contaminated groundwater onto
capillary fringe soils during periods of high groundwater elevation. This soil contamination will be
a long-term source of groundwater contamination as it desorbs and contributes to the groundwater
over time.

Groundwater sampling conducted on an approximately quarterly frequency since November 1994
(14 events) has shown an overall decreasing concentration trend in groundwater contaminants, which
include gasoline, diesel and BTEX. MTBE was detected in both the source area and the
downgradient monitoring wells when it was analyzed for the first time in September 1998. Near-
maximum historical groundwater contaminant concentrations were detetted in February 1998,
coinciding with unusually heavy rains and correspondingly high groundwater elevations, which
likely desorbed capillary fringe soil contamination into groundwater.
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The recent (April 1999) groundwater analytical data, which included hydropunch samples as well
as monttoring at the existing monitoring wells, better delineated the plume configuration and area
of maximum concentrations within the plume. Maximum groundwater contaminant concentrations
in site wells have historically been detected in downgradient well MW-4, suggesting that the center
of mass of the contaminant groundwater plume has moved from the UFST source area, beyond well
MW.2. The new hydropunch data collected in April 1999 shows that MW-4 is located off the center
line of the plume, and thus does not represent the highest contamination concentrations within the
plume. ‘The recent data, which included a grab-groundwater sample collected from within the
Redwnod Creek bank area where the plume daylights into the Creek, also dsllicatie a substantial mass
of gmundwater contamination upgradient of the parking lot’s downgradient edge that will continue
to migrate toward Redwood Creek. This suggests that future impacts to Redwood Creek from
contaminated groundwater discharge may be worse than at present.

The limits of the groundwater contaminant plume and area of plume emission to Redwood Creek
have been better defined by the April-May 1999 subsurface investigation. Based on the new daia,
the plume extends from the source area to Redwood Creek, a distance of approximately 150 feet, and
daylights along the creek banks across a width of approximately 30 feet. The area of the plume with
TPH concentrations of > 10,000 pg/L is estimated to be 55 feet wide by 100 feet long and begins
approximately 30 feet downgradient of the source area; this suggests that the plume is becoming
“disconnected” from the former UFST source area. The April 1999 hydropunch groundwater data
indicate that the centerline of the contaminant plume—ithe line of maximum groundwater
contamination—is located coincident with borehole location HP-02, approximately 20 feet south of
well MW-4. Redwood Creek is a hydraulic barrier preventing contaminated groundwater migration
beyond the creek. The flowpath of groundwater in the immediate vicinity of the creek is likely to
follow topography, and would be expected to flow in the downstream direction (south) beneath the
creek.

Natural attenuation—the natural processes by which the hydrocarbon contamination is reduced by
indigenous microorganisms utilizing the contamination as a carbon food source—is undoubtedly
occurring within the area of the plume as evidenced by the dissolved oxygen, nitrogen, and redox
potential measured at the site. However, the distance of 150 feet from the original source to
Redwood Creek is not sufficient to allow full attenuation before it discharges to the creek. The
natural attenuation is more effective in reducing the margins of the plume where there is more
available oxygen than within the center of the plume where the high hydrocarbon concentrations
inhibit oxygen penetration necessary to microbial degradation of the TPH.

Stellar Environmental Solutions vil e Mo 9015 hwoad ok e 1999R o




Discharge of petroleum-contaminated groundwater into Redwood Creek is evidenced by:

®  Historical observation of petroleum-discolored soil particularly pronounced in one area of
the bank of Redwood Creek downgradient of the former UFSTs;

®  Elevated levels of petroleum constituents in a grab groundwater sample collected within

three feet upgradient of Redwood Creek and at an elevation above the surface of Redwood
Creek

B Sporadic detection of fuel constituents in creek surface water samples collected at that
location; and

®  The growth of an algae on the surface water surface at that location (suggesting that the
petroleum is serving as a carbon source; that algae has also been observed in the
downgradient monitoring well MW-4),

A site reconnaissance of the Creek bank was performed on May 22, 1999. By digging into the bank
material above and below the creek surface, an approximately 30-foot wide by approximately 2-foot
thick zone of discharge to Redwood Creek was identiﬁed;:___A grab-groundwater sampling point,
located in the creek bank just above the area of detected historical fuel concentrations in surface
water samples, showed concentrations far higher than the concentrations detected in the surface
water, but also signi'ﬁcantly lower than concentrations detected in upgradient hydropunch samples.

The trace concentrations in the surface water compared to the groundwater plume is attributed to
the dilution effect in the stream. The recent hydropunch data also indicate that the “slug” of high:
groundwater contamination has not yet reached the creek and/or that only the upper portion of the:
approximately 10-foot thick groundwater plume is discharging into the creek.

The CDFG code stipulates a policy of zero discharge of petroleum to surface waters, unless it can
be demonstrated that complete removal of the petroleum is infeasible and that instream biota are not
affected. The results of the initial stream bioassessment event (April 1999) indicate no impacts to
the benthic macroinvertebrate community in Redwood Creek. A minimum of one additional
bioassessment event before this year’s rains is recommended by CDFG to complete the evaluation
of the full life cycle of potentially impacted macroinvertebrates.

There are no established cleanup criteria for residual soil contamination by TPH. The RWQCB has
a to-be-considered ARAR of 1 mg/kg total BTEX in soil. However, the need for remedial action
in the soil media and the remedy selection for corrective action should be based on potential impacts
to groundwater and surface water quality resulting from desorption of soil contamination.
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Site groundwater contaminants that have been historically (and recently) detected in excess of
drinking water standards include benzene, ethylbenzene, total xylenes, and MTBE; there are no
drinking water standards for TPH compounds. While it is unlikely that site groundwater would be

used as a drinking water source, drinking water standards could be applied by regulators as cleanup
standards.

Benzene is the only site-sourced contaminant detected in creek surface water samples in excess of
published water quality objectives (WQOs) for surface waters that are a potential driﬁking water -
source. Ethylbenzene has been detected once in excess of the USEPA water quality guidance
criterion. Based on the absence of detectable contamination immediately downstream of the site,
it is very unlikely that site contamination has the potential to impact the nearest municipal drinking
water source (Upper San Leandro Reservoir).

Based on site access constraints and the current distribution of site contamination, an approximately
30- to 60-foot wide by 10-foot thick zone of soil and groundwater contamination exists immediately
upgradient (east}) of Redwood Creek, which cannot be reasonably mitigated. Contamination
upgradient of that zone, near the location of MW-4 near the boundary of the parking area before the
break in slope to the Creek, could be curtailed to prevent further migration by installing a reactive
wall or oxygen releasing compound curtain as a remedial measure.

PROPOSED ACTIONS

Following the District’s review of the draft of this report, the District has elected to implement the
following actions to address regulatory concerns:

m  Meet with ACDEH and CDFG to discuss the results, conclusions, and recommendations of
this investigation, especially as regards the need to mitigate any unacceptable impacts
associated with residual site contamination.

®  Continue the established program of quarterly groundwater elevation monitoring (all site
wells) and sampling (wells MW-2 and MW-4 only). Based on a previous comparative site
study, we recommend that all groundwater samples collected for laboratory analysis be
collected following well purging.

®  Continue the established program of quarterly surface water sampling, with one revision.
Discontinuing sampling at the upstream location SW-1 is warranted, given that no significant
surface water contamination has historically been detected at that location. The previous
ACDEH-approved recommendation to decrease the frequency of surface water sampling
from quarterly to semi-annually is not technically appropriate at this time, given the
documented impacts to Redwood Creek from discharge of contaminated groundwater.
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® Per the recommendation of CDFG, complete a follow-on instream bioassessment of
macroinvertebrates prior to the onset of winter rains (fall 1999) to assess potential impacts
at the end of the macroinvertebrate life cycle.

B Complete and submit to ACDEH and CDFG a letter-format report following the next
quarterly groundwater and surface water monitoring and sampling event (summer 1999), and
a comprehensive report following the subsequent sampling and bioassessment event (fall
1999), including conclusions regarding the findings and proposed actions to address
remaining regulatory issues.

® Evaluate the cost impacts and technical merits of implementing some active remediation near
the downgradient centerline of theplume to minimize future discharge and associated impacts
to Redwood Creek.

Stellar Environmental Solutions X e Rstwond Fatis




1.0 INTRODUCTION

PROJECT BACKGROUND

The subject property is the East Bay Regional Park District (District) Redwood Regional Park
Service Yard located at 7867 Redwood Road in Oakland, Alameda County, California. The site has
undergone site investigations and remediation since 1993 to address the subsurface contamination
caused by leakage from one or more of two former underground fuel storage tanks (UFSTs)
containing gasoline and diesel fuel. The Alameda County Health Care Services Agency, Department
of Environmental Health, Hazardous Materials Division (ACDEH) has provided regulatory oversight
of the investigation since its inception.

KEY OBJECTIVES AND SCOPE OF WORK

The principal program objectives have been substantively met by the April-May data collection
program. The key objectives of this investigation and remedial action evaluation are to:

B Determine if benthic invertebrates in the creek, as indicators of the creek system ecological
stability, have been impacted by the site contamination;

®  Provide a more refined evaluation of the current magnitude and extent of residual soil and
groundwater contamination as regards the potential for contamination discharge to the creek
to increase over time; and

B Evaluate on a preliminary basis if site conditions are favorable for natural attenuation of fuel
contamination or more aggressive remediation is indicated to be necessary to mitigate
contaminated groundwater discharge to the creek.

The tasks that were conducted to meet these objectives include:
®  Conduct one groundwater and surface monitoring, sampling and analysis event;

B Conduct one instream bioassessment event;

B Drill and geologically log 10 exploratory boreholes, and collect soil and grab-groundwater
samples for laboratory analysis;
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®  Conduct a survey of the Redwood Creek banks to delineate the area of plume discharge and
collect a grab-groundwater sample from within the bank sediments at just above the surface
water sampling point; and

® Evaluate if additional site remediation and/or investigation is necessary in light of ARARs,
potential impacts, and regulator site closure criteria. If remediation is deemed necessary,
evaluate viable remedial strategies, including Monitored Natural Attenuation (MNA) and
active mass removal/reduction techniques.

SITE DESCRIPTION

The project site is located at 7867 Redwood Road in Oakland, Alameda County, California.
Figure 1 shows the location of the project site. The site slopes to the west, from an elevation of
approximately 564 feet above mean sea level (MSL) at the castern edge of the service yard to
approximately 545 feet above MSL at Redwood Creek, which approximately defines the western
edge of the project site as regards this investigation. Figure 2 is a site plan.

The project site is a service yard for Redwood Regional Park, which utilized two UFSTs (one 2,000-
gallon diesel fuel and one 5,000-gallon unleaded gasoline) from the mid-1960s to 1993. Figure 2
shows the location of the former UFSTs. Both UFSTs were reportedly installed between 1965 and
1968 (Parsons, 1993a). The 5,000-gallon stee]l UFST contained unleaded gasoline, and was
reportedly a converted channel buoy purchased from the Navy (Parsons, 1993a). The tanks and
piping underwent integrity testing in 1984, 1986, 1988, and 1989. The unleaded gasoline UFST
system failed the 1988 and 1989 tests (Parsons, 1993a).

SITE INVESTIGATION AND REMEDIATION HISTORY

The following summarizes historical site remediation and characterization activities that have been
conducted since 1993, beginning with removal of the UFSTs. Appendix A contains tabular
summaries of historical soil, groundwater and surface water analytical results, Sampling locations
are shown on figures presented later in this report. A complete listing of previous site investigation
and remediation reports is included in the References section (Section 9.0).

UFST Removals and Soil Remediation Activities

The two project site UFSTs were excavated and transported offsite for disposal in April 1993, at
which time discolored soil was observed in the excavation pit below the gasoline UFST location.
Initial confirmation soil samples collected from beneath each UFST indicated soil impacts by total
petroleum hydrocarbons-gasoline range (TPHg) and aromatic hydrocarbons [benzene, toluene,
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ethylbenzene, and total xylenes (BTEX)] (Parsons, 1993a). No elevated levels of lead were detected
in those soil samples.

Approximately 600 cubic yards of contaminated soil in the vicinity of the UFSTs were excavated
and stockpiled for onsite aeration in June 1993. The excavation covered a surface area of
approximately 5,000 square feet, and had a maximum depth of approximately 25 feet (below grade
relative to the eastern edge of the excavation). Soil excavation activities were halted due to the
potential for slope instability, the presence of significant facility constraints (roads and buildings),

and the infiltration of spring water into the excavation. Figure 2 shows the approximate limits of
the final UFST excavation.

Five confirmation excavation soil samples were collected by Parsons in June 1993 prior to
excavation backfilling. Discolored soil was noted only in the eastern wall of the excavation.
However, confirmation soil samples from other areas contained up to 1,700 parts per million by
volume (ppmv) total ionizable vapors as measured with a photoionization detector (PID) and a total
hydrocarbon vapor analyzer (THVA). Maximum concentrations detected in excavation confirmation
soil samples include 12,000 milligrams per kilogram (mg/Kg) TPHg, 1,300 total petroleum
hydrocarbons-diesel range (TPHd), 80 mg/Kg benzene, 390 mg/Kg toluene, 230 mg/Kg
ethylbenzene, and 1,100 mg/Kg total xylenes (Parsons, 1993c). The excavation was backfilled
between June and August 1993 with previously excavated clean overburden (estimated 270 cubic
yards) and imported fill (estimated 330 cubic yards), and the surface was repaved with asphalt.

The approximately 600 cubic yards of contaminated soil were stockpiled on plastic sheeting at an
open area behind the Redwood Park Fire Station #2 located on Redwood Road approximately 500
feet east of the project site. Confirmation soil samples were collected from the stockpiled soil in July
1993, and aeration of the stockpiled, contaminated soil began in August 1993 (Parsons, 1993a).
Following ACDEH approval, the soil was relocated to Sibley Regional Preserve in Contra Costa
County, California for further aeration and final disposition at that site.

Initial Site Characterization

At the request of ACDEH, a technical workplan was submitted (Parsons, 1993b), and an initial site
characterization was conducted in September and October 1993 in the vicinity of the former UFST
excavation. The objective of the program was to evaluate the nature, magnitude and extent of soil
and groundwater contamination associated with the residual UFST-sourced soil contamination.

Seventeen exploratory boreholes were drilled, five of which were converted to temporary well
points. A total of 27 soil and 5 grab-groundwater samples were collected for laboratory analysis
(Parsons, 1993¢). No significant soil contamination was detected in soil boreholes immediately
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north, south, or east of the former UFST remedial excavation. Fuels in soil were detected in soil
boreholes up to 90 feet southwest of the former UFST excavation; maximum soil concentrations
detected included 1,900 mg/Kg TPHg, 1,300 mg/Kg total petroleumn hydrocarbons-kerosene range
(TPHk), and 198 mg/Kg BTEX constituents, Maximum fue! concentrations detected in groundwater
collected from temporary well points included 810,000 pg/L. TPHg, 2,300,000 pg/L TPHk, 570 pg/L
TPHd, and 125,000 ug/L BTEX (including 12,000 pg/L benzene) (Parsons, 1993c).

Groundwater Monitoring and Sampling

Prior to the recent (April 1999) sampling event, 13 groundwater monitoring, sampling, and analysis
events have been conducted on an approximately quarterly frequency since November 1994. The
lateral extent of groundwater contamination by TPHg, TPHd, and BTEX constituents is well-defined
by existing site groundwater monitoring wells; currently, the maximum detected concentrations are
in downgradient well MW-4 adjacent to Redwood Creek, approximately 130 feet southwest of the
former UFSTs. Groundwater contaminant concentrations have shown an overall decreasing trend,
with the exception of an unusually wet winter that resulted in a rebound of groundwater
contamination levels to near historical maxima. A detailed analysis of site hydrochemical trends is
presented in Section 5.0.

Creek Soil and Surface Water Sampling

In early 1994, discolored soil was observed in the eastern bed of Redwood Creek immediately
downstream of the fish ladder, approximately 150 feet southwest of the former UFSTs. Soil and
surface water samples were collected for laboratory analysis in February and March 1994 (Parsons,
1994a and 1994b). One soil sample was collected in February 1994 for laboratory analysis from the
discolored soil. That sample contained 3 mg/Kg of TPHd; neither TPHg nor BTEX constituents
were detected. Field observations have indicated the presence of both a petroleum sheen and an
orange algae on the creek water surface in the area of the discolored soil, suggesting that the fuel is
acting as a carbon source for the algae. Surface water samples have been collected from Redwood
Creek at locations upstream, downstream, and in the immediate vicinity of the area of discolored
soil, when surface water is available, since February 1994. Figure 2 shows these sampling locations,
and Section 4 provides a detailed discussion of analytical results.

Historical ACDEH-approved revisions to the groundwater sampling program have included: 1)
discontinuing hydrochemical sampling and analysis in wells MW-1, MW-3, MW-5, and MW-6; and
2) reducing the frequency of creek surface water sampling from quarterly to semi-annually (ACDEH,
1996). The latter recommendation has not vet been implemented due to continued concern over
potential impacts to Redwood Creek.
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Prior to the recent activities summarized in this report, the most recent phase of the investigation was
the September 1998 groundwater and surface water monitoring event, and a critical evaluation of
historical data as regards hydrochemical trends and an assessment of site closure criteria (SES,
1998b).

SITE REGULATORY HISTORY

Alameda County Health Care Services Agency, Department of Environmental Health (ACDEH) has
been the lead regulatory agency for the case since its inception, with regulatory correspondence with
the District going back to the January 1994 review of the December 1993 ES report documenting
the UFST’s removal. The ACDEH is a Local Oversight Program (LOP) to the RWQCB, and
provides its own oversight until some resolution such as site closure is agreed upon, at which time
it sends its recommendation to the RWQCB for approval of the closure. Other interested regulatory
agencies, such as the California Department of Fish and Game (CDFG), communicate their concerns
directly to ACDEH.

While ACDEH is usually in concurrence with the RWQCB’s position on the need to remediate and
on site closure criteria, they can also differ from it based on the case-by-case findings. The ACDEH
has no published guidance regarding TPH or the fuel-related aromatic hydrocarbons BTEX and
MTBE. They generally adhere to the basic non-degradational policy, but recognize that some
degradation is unlikely to be irreversible and will accept case closures where there is the
demonstration that no public health or ecological risks will occur as a result of the residual
contamination.

Mr. Thomas Peacock of ACDEH wrote the District in September 1997 suggesting that
recommendations needed to be formulated to address site contamination. He further suggested that
some form of in-situ remediation, such as an oxygen releasing compound (ORC) might be
considered. In early 1998 the CDFG communicated their concern about the potential ecological
impact to the creek from the release into the creek recorded in two of the dry weather sampling
events. In July 1998 the District met with ACDEH and CDFG, and the parties concluded that the
District should complete an assessment of whether remediation was needed, and if so, what method
would be most appropriate to move the site towards closure resolution. The current investigation
was designed to satisfy those objectives.
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2.0 PHYSICAL SETTING

The following evaluation of the hydrogeologic conditions at the project site is based on geologic
logging and water level measurements collected at the site since September 1993. This section
summarizes site geology and groundwater and surface water hydrology.

GEOLOGY

The site is located approximately 7 miles east of the southeastern shoreline of San Francisco Bay,
within the Coast Ranges physiographic province of California. The San Francisco Bay Area is an
elongated structural depression bounded by the Santa Cruz Mountains on the west and the Diablo
Range on the east. The Oakland-Berkeley Hills, in which the site is located, are encompassed by
the Diablo Range.

The San Francisco Bay Area is a seismically active region. The area’s main geologic structures are
associated with two major faults: the San Andreas Fault in the Santa Cruz Mountains, and the
Hayward Fault which forms the western boundary of the Diablo Range. The Diablo Range has been
uplifted, and the bay has gradually subsided over the last 3 million years. The site is located
approximately 2.5 miles east of the Hayward Fault (Norris and Webb 1990, Nilsen et al., 1979).

The bedrock in these mountain ranges is composed of sedimentary, metamorphic and volcanic rocks
of Jurassic through Tertiary age (Borcherdt et al., 1975). Overlying the bedrock in Redwood Creek
canyon is Quaternary alluvium consisting of silt, sand, and gravel. The lateral and vertical variations
in lithology are pronounced, as is typical in this type of depositional environment. Subsurface
stratigraphy, along with other pertinent information at the site, is illustrated in cross section A-A’
(Figure 3). These data are based on soil borehole data acquired during the 1993 initial site
characterization and the November 1994 well installation program. Shallow soil stratigraphy
consists of a surficial 3- to 10-foot thick clayey silt unit underlain by a 5- to 15-foot thick silty clay
unit. In all monitoring well boreholes, a 5- to 10-foot thick clayey coarse-grained sand and clayey
gravel unit was encountered that laterally grades to a clay or silty clay. This unit ovetlies a
weathered siltstone at the base of the observed soil profile. Soils in the vicinity of MW-1 are
inferred to be landslide debris.

Stellar Environmental Solutions 8 et Rt et o 15550




A ’
APPROX. NE ——— > & APPROX. SW APPROX. N7OE >
MW-2 s -1
i ) B11 B1 Pk
[ ] Paved Service Yard B5 BB 7
Extent Of 2 1/941-
5604 1993 UFST Soil CLAYEY, SiLT |- 1# - 560
Excavation !
b Approximate i SILT{STONE)
ar Location of 1 g
1 DISCOLORED SOl Entrance Former UFSTs i
{Location projected Road }/- ¥
30" south of cross HP-O7 L | | /’
550 section) B13 BY, 2/98 ! F4 = 550
MW-4 HP-02 y——— 3 P /
d — ; / z
o MW-6 B15 / . p / 5]
[= — —— - / =
< . 7 SLTSTONE = <
g B17 L cLAYEY SLT 11 L / w
. CREEK CLAYEY SILT ﬁ' ey T T _// ut
5404 ST BED i 5 ri= Ly —tt - R4 - 540
T - e
CLAYEY, SILTY GRAVEL
| ‘?smvsr.'..risvrgm}fzr HP-11 I a SiLTY CLAY - - R
' 117944 n 7 -
] = = SHTVCLAY Fd - -
HoT Y = u e~ - -
= SLTY CLAY — ¥ ¥ ] P -
5304 n = __gr_____,,.r-— : | = 530
> _é = = =ET 3 I‘?Tf__“‘f__ SILT{STONE) | - SHTSTONE
) = - L= == -
= CLAYEY o — -
] = e COARSE SAND e B
7] _= - - |
| = -—"" "
520 2.~ CLAYEY - 520
GRAVEL -
-
———————— - 10
Scale in feet
Vertical
LEGEND NOTES Exaggelratiun
Is 2.5X%
g1 Exploratary Boring B1 MW-1 Monitoring Well MW-1 Locations and dimensions of roads, 0
£ sol | trails and parking lot are approximate 0 20
Location of soil sample Location of soil sample collected =
collected for laboratary for laboratory analysis UFST = Underground fuel storage tank
analysis Well scraen interval UFSTs not drawn to scale
All slevations surveyed by EBRPD relative
to United States Geological Survey (USGS)
¥ First encountered groundwater 4/9 Range of static water ievels measurad Survey Benchmark No. JHF-49 and are
during drilling I between Novernber 1994 and April 1999 expressed as feet above mean sea level (MSL}
11/9 showing dates of measured maxima " " ’
and minima Well casing and boring widths not to scale
Some borings projected into cross section (see Figure 2)
n n L] , H
s Stellar Environmental Solutions Cross Section A-A Figure 3
o . . .
é Geoscience & Engineering Consulting Redwood Regional Park Service Yard, Oakland, CA by: MJC MAY 1299




GROUNDWATER HYDROLOGY
Lithology and Water Levels >

Groundwater at the site occurs under predominantly unconfined conditions, as evidenced by the
equilibrated static water levels relative to the water level in Redwood Creek and the level of water
seepage out of the north face of the former excavation. Groundwater is first observed at the top of
the clayey, silty sand-gravel zone in all boreholes except upgradient location MW-1, where it was
encountered near the surface. In areas downgradient of the former UFST source area, first
occurrence of groundwater is generally observed between 12.5 and 19 feet bgs. Water levels in open
boreholes and wells equilibrate several feet above first occurrence of groundwater during drilling,
indicating confining conditions. Perched water zones were observed in several boreholes in the 1999
investigation. Because they are well above the top of the capillary fringe (elevation of highest
groundwater), these perched zones are not pathways for contaminant transport in areas downgradient
of the former UFSTs. Figure 3 shows the range of static water levels measured in site wells between
November 1994 and April 1999,

Figure 4 shows a groundwater elevation map constructed from the April 1999 monitoring well static
water levels. The direction of local groundwater flow in the portion of the study area east of
Redwood Creek is from northeast to southwest. This groundwater flow direction is consistent with
previously recorded measurements made in site wells and boreholes since September 1993. 1t is
inferred that local groundwater flow direction west of Redwood Creek is toward the east (toward the
creek). As would be expected, the groundwater flow path near the creek bends southward
(downstream) due to the hydraulic influence of the creek. The groundwater gradient is relatively
steep—approximately 2 feet per foot—between well MW-1 and the former UFST source area. The
increased groundwater gradient in the source area is inferred to result from the topography and the
highly disturbed nature of sediments in the landslide debris. Downgradient from the UFST source
area, well MW-2 and Redwood Creek, the groundwater gradient is approximately 0.1 feet per foot.

Groundwater Velocity Estimate

Estimating groundwater velocity based on both empirical or site-specific field data and theoretical
considerations is important in evaluating the timeline of the plume migration and options for
remediation. The empirical conditions used in the velocity estimation are hydraulic gradient,
hydrochemical data, the distance from the source to the creek, and the age of the original leak.
Theoretical conditions include assumed hydraulic conductivity and effective porosity from literature-
based sources. The estimate is usually good where the empirical and theoretical data corroborate
each other.
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The site specific condition used to estimate groundwater velocity include the estimated date when
leakage from the source UFSTs began, the date when contamination was first observed to be
discharging to the creek, the distance from the source to the creek, and the measured hydraulic
gradient. The theoretical conditions of hydraulic conductivity and effective porosity are based on
the indication of materials encountered at the water table in boreholes in the vicinity of the former
UFSTs as predominantly clayey silt and silty clay.

Using the site lithology (variations of silty clay to the 5- to 10-foot thick clayey coarse-grained
sand/clayey gravel unit) and literature-based data yield a range of hydraulic conductivity values of
approximately 0.003 to 0.05 ft/day and an effective porosity value of 30 to 35 percent based on soil
type (Fetter, 1988). Given a groundwater gradient of 0.1 feet per feet as estimated from static water
level measurements west of the UFST source area, this would yield a groundwater velocity of <1 feet

to about 5 feet per year. This groundwater velocity is lower than that indicated by the site-specific
empirical data. (aay -
The UFSTs were installed by 1968. Masonable assumption that it took at least 5 years for
significant leaks or spills to develop, by 1973. The distance to the Creek from the source is 150 feet.
Mylighting of the plume into the Creek was reported in 1993. These data indicate that the
groundwater velocity, at least along preferential migrational pathways of higher permeability, is
calculated at 1993-1973 = 20 years and 150 feet/20 years = 7.5 feet/year. This velocity estimate may
also be low because the number of years that creek discharge was occurring before the 1993
discovery of it is unknown. A conservative estimate of groundwater velocity within the aquifer
material is between 8 and 10 per year, with the rate of movement within the clay rich zones
being substantially less. The average linear groundwater velocity may also vary-frem-per year
depending on the flow conditions. In the absence of groundwater pumping test data the velocity
range of 7 to 10 feet per year is a reasonable one to use given the site conditions.

SURFACE WATER HYDROLOGY

Redwood Creek borders the site to the west, and is a seasonal creek known for the occurrence of
rainbow trout. Creek flow in the vicinity of the site shows significant season variation. During the
summer and fall dry season, the creek has no flow, and standing water is limited to discontinuous
pools. During the winter and spring wet season, the creek flows vigorously with water depths over
1 foot in places. Redwood Creek flows from northwest to southeast and discharges into Upper San
Leandro Reservoir, located approximately 1 mile southeast of the site. Redwood Creek is a gaining
stream (i.e., it is recharged by groundwater) in the vicinity of the site, as evidenced by wet creek
banks above the stream surface and by historical observations of fuel-contaminated capillary fringe
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soils in the eastern bank of Redwood Creek. Section 5.0 presents a site-specific conceptual model
of contaminant transport in the context of groundwater discharge to Redwood Creek.
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3.0 APRIL 1999 STREAM BIOASSESSMENT

The CDFG requested in their October 26, 1998 letter that a “seasonal instream bioassessment
program” be implemented to provide evidence of whether impacts to fish and/or aquatic life are
occurring as a result of detected site contamination, and hence if further remediation is warranted
(Rugg, 1998). The CDFG Water Pollution Control Laboratory (WPCL) is the CDFG group that
established the bioassessment protocols; they have recommended that a minimum of two seasonal
events be conducted: the first bioassessment event just after the rainy season (spring), and the
second event prior to onset of heavy rains (winter). These two stages will best represent the
variations in the macroinvertebrate life cycle and community development. Based on preliminary
input from CDFG, we understand that if initial results suggest an impact to the creek, the
bicassessment program could include several years of seasonal bioassessment events in order to
evaluate both current conditions and the potential increase in contaminant concentrations at the
creek/groundwater interface.

The initial bicassessment event was conducted on April 2, 1999 by the CDFG WPCL in accordance
with their March 1996 protbcols, entitled “California Stream Bioassessment Procedure (Habitat
Assessment and Biological Sampling; Macroinvertebrate Laboratory and Data Analyses; and Field
and Laboratory Quality Assurance/Control), and the monitoring strategy followed that recommended
for point source pollution (CDFG, 1996). This method is a regional adaptation of the USEPA Rapid
Bioassessment Protocols, and is recognized by the USEPA as California’s standard bioassessment
procedure. The method utilizes measures of the stream’s benthic macroinvertebrate (BMI)
community and its physical/habitat structure. BMIs can have a diverse community structure with
individual species residing within the stream for a period of months to several years. The biological
and physical assessment integrates the effects of water quality over time and provides a baseline
assessment of a stream’s ecological health. A copy of the assessment protocols is included n
Appendix B.

The event consisted of a 2-person CDFG team conducting an assessment/sampling of four “riffles”
(sampling/assessment locations), including:

B Two upstream riffles (RC-Ul and RC-U2), approximately 300 meters and 200 meters
upstream of the SW-2 location (area of contaminated groundwater discharge);
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® One source area riffle (RC-GZ), approximately 3 meters downstream of the SW-2 location;
and

®  One downstream riffle (RC-D1), approximately 50 meters downstream of SW-2.

The CDFG report indicates that these locations were the best available representations of‘Mgf
habitat to evaluate potential impacts associated with site contamination. Three replicate samples
were collected at each location to ensure statistical precision.

Field tasks completed include:

¥ Biological sampling (including completing a California Stream Bioassessment Procedure
Field Worksheet at each riffle).

® Physical and habitat assessment.

B Taxonomic laboratory analyses and calculation of BMI metrics of five dominant taxa.
8 Data compilation including statistical analysis.

®  Qualitative assessment of impacts to the macroinvertebrate population assessed.

The full CDFG WPCL report summarizing the biostream assessment event is included in
Appendix B. The authors conclude that the benthic macrobiotic invertebrate communities at all
% ois e indicative of nosmal conditions after spring flows, and there is no evidence
of adverse impacts associated with site contamination. They note that taxonomic richness metrics
were approximately half as high in the area of contaminated groundwater discharge (SW-2 and RC-
GZ), but they attribute that to stream physical and habitat structure differences at that location
(steeper gradient and less available habitat). As agreed upon in the technical workplan, the CDFG
WPCL report recommends that a follow-on bioassessment event be conducted just prior to the onset
of winier rains to assess potential impacts at the end of the macroinvertebrate life cycle.
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4.0 APRIL-MAY 1999 FIELD INVESTIGATION

This section presents the field program data collection. Included are the surface and groundwater
sampling, rationale for the borehole locations, sampling depths and analytical methods, and a
summary of the drilling and sampling methods. Subsequent Section 5.0 discusses the analytical
results in the context of contaminant distribution, both current and historical, and presents a
conceptual model of contaminant fate and transport. Appendix E contains the Alameda County
Public Works drilling permit for the investigation. Appendix F contains photodocumentation of the
borehole drilling and sampling program. The recent (April-May1999) field investigation program
included three field components:

1. April 6, 1999 groundwater and creek surface water monitoring event;
2. April 14 and 15, 1999 exploratory bore program; and
3. May 24, 1999 Redwood Creek bank survey and sampling.

The description of each element of the field program is presented below. The analytical data and
findings from the field activities are then presented in the following Section 5.0 of this report.

GROUNDWATER MONITORING WELL AND SURFACE WATER SAMPLING

Monitoring and sampling protocols were in accordance with the October 1998 SES technical
workplan. Activities conducted include:

®  Measuring static water levels and field analyzing groundwater samples for indicators of
natural attenuation in all six site wells;

®  Collecting groundwater analytical samples from the two site wells within the contaminant
plume (MW-2 and MW-4); and

B Collecting creek surface water samples for laboratory analysis and field analyzing surface
water samples for dissolved oxygen.

Groundwater level monitoring and creek sampling were conducted by SES. Groundwater
monitoring well purging, sampling and field analyses were conducted by BlaineTech Services under
direct supervision of SES personnel. The locations of all site monitoring wells and creek water
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sampling locations are shown on Figure 2. Well construction information is summarized in Table 1.
Appendix C contains the groundwater monitoring field record.

Table 1
Groundwater Monitoring Well Construction Data

ST ~ | Screened S Ground Sur:face

“Well | WellDepth' | - Interval. -~ Depthifo 'roc “Elevition - TOC E'*‘-“‘“"!
MW-1 18 7-17 23 563.6 5659
MW-2 36 20-35 24 564.1 566.5
MW-3 42 7-4] 2.8 558.1 560.9
MW-4 26 10-25 2.1 546.0 548.1
MW-5 26 10-25 23 545.2 547.5
MW-6 26 10-25 23 543.3 545.6

Notes:
1) TOC =Top of Casing

2) Al depths are feet below ground surface unless otherwise specified. Negative values for “ Depth to TOC" indicate that the TOC is
above ground surface.

3)  All elevations are feet above USGS mean sea level (MSL). Elevations were surveyed by EBRPD relative to USGS Benchmark No.
JHF-48. All wells are 4-inch inside diameter.

GROUNDWATER LEVEL MONITORING AND SAMPLING

Static water levels were measured (Appendix C) in all six site wells on April 6, 1999. All water
level measurements were made using an electric water level indicator. Pre-purge groundwater
samples from all wells were field analyzed for indicators of natural attenuation including ferrous
iron, dissolved oxygen, and oxygen reduction potential (ORP, or redox potential).

Groundwater sampling of MW-2 and MW-4 was conducted in accordance with state of California
guidelines for sampling dissolved analytes in groundwater associated with leaking UFSTs (State
Water Resources Control Board, 1989). Prior to collecting groundwater samples, a pre-cleaned
submersible pump was used to purge a minimum of three casing volumes from each well. Electrical
conductivity (EC), hydrogen ion index (pH), temperature (T), and turbidity of purge water samples
were measured during well purging, to document the stabilization of formation-water in the wells.
Glass sample containers were filled with sample water from a pre-cleancd Teflon™ bailer. .
sasaple collected from well MWsd aed o gptisceble patroleum-odes.snd shegu;snd the hi
_ﬁbmvedarangealgalbloommalwnbsmd in the MW—4smpAe
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To prevent cross-contamination, groundwater sampling equipment was decontaminated prior to use
and between each monitoring well with an Alconox™ wash followed by three deionized water rinses.
Following sample collection, sample containers were labeled, placed in a cooler packed with “blue
ice,” and transported under chain-of-custody the same day to a laboratory accredited by the
California Environmental Protection Agency (Cal EPA) Department of Health Services (DHS)
Environmental Laboratory Accreditation Program (ELAP). Chain-of-custody records for the
groundwater samples are included in Appendix C.

A total of approximately 60 gallons of purge water and decontamination rinsate from the current
groundwater sampling event was containerized in the onsite plastic tank. The purge water will
continue to be accumulated in the onsite tank until it is full, at which time it will be transported
offsite for proper disposal.

CREEK-GROUNDWATER INTERFACE SURVEY AND SAMPLING

On May 24, 1999 Bruce Rucker of SES completed a survey of the apparent width of the plume
daylighting in the Redwood Creek bank immediately downslope from the groundwater plume
identified in the monitoring wells and hydropunch samples. The “pot-holing” survey method
entailed exploratory probing with a pick and shovel into the creek bank immediately above the Creek
water surface to define the limits of plume-impacted area based on hydrocarbon discolored and
odiferous soil, algal bloom zones, and hydrocarbon sheen on groundwater. No evidence of
contamination could be obtained by pot-holing directly beneath the creek bed due to immediate
inflow of creek water.

- The borehole adjacent to the creek (HP-11) was installed on May 22, 1999. The purpose of this

temporary well point was to collect a grab-groundwater sample immediately upgradient of the point
of discharge to the creek. This temporary well point was installed within a hand-dug hole
approximately 18 inches square and 12 inches deep. Approximately 5 gallons of standing turbid
water was purged from the hole, then the well point was installed and consisted of 2-inch OD PVC
casing installed within a 4-inch OD PVC conductor casing. The bottom of the screened interval was
just above the creek surface water level. Sand was emplaced in the annular space between the two
casings, which were both slotted over a 6-inch interval, then the entire hole was filled with sand.
Another 10 gallons of water was purged from the hole, then a grab groundwater sample was
collected from the well point, Following sampling, the well point was removed and the hole was
covered with nearby clean soil. During purging of the well point, groundwater was observed flowing
out of the upgradient side of the hole at an elevation higher than the creek surface water level,
confirming that the grab-groundwater sample was not influenced by creek flow.
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Petroleum sheen and/or aigal bloom were noted in the majority of the capillary fringe contamination
in the creek bank, on the creek surface in low-flow areas in the immediately vicinity of SW-2 and
HP-11, and at two low-flow areas within 15 feet of SW-2 and HP-11.

CREEK SURFACE WATER SAMPLING

Surface water samples were collected on April 1999 from locations SW-1, SW-2, and SW-3 in
Redwood Creek (see Figure 2 for locations). Surface water samples were collected in a new glass
sampling container by immersing the container just under the water surface, transferring the sample
to the appropriate container, and immediately capping the containers, which were then labeled,
chilled and transported under chain-of-custody the same day to the analytical laboratory. Surface
water samples were also field analyzed for dissolved oxygen. At the time of sampling, the creek was
flowing briskly and depth of water at the sampling locations was approximately 6 to 12 inches. At
the SW-2 location, where contaminated groundwater discharge to the creek has historically been
observed, petroleum odor was noted as was orange algae growing on the saturated portion of the -
creek bank. It is inferred that this algae is utilizing the petroleum as a carbon source, and is therefore
a good indicator of the presence of petroleum contamination.

BOREHOLE LOCATION, SAMPLING AND ANALYTICAL METHOD SELECTION

Eleven exploratory boreholes were drilled in the area between the former UFSTs and the creek. The
boreholes were located generally on two approximately north-south trending transects approximately
50 feet apart. Boreholes were jocated on approximately 20-foot centers along each transect.

- Additional boreholes were installed between the two transects in the area of inferred greatest W

contamination, and one borehole was located immediately adjacent to the creek. Figure 2 shows the
borehole locations. |

One soil sample was collected from ten of the boreholes (not including HP-11 adjacent to the creek)
for laboratory analysis of chemicals of concern (TPHg, TPHd, BTEX, and MTBE). Soil samples
were collected within the capillary fringe in the zone of inferred greatest contamination, based on

'PID readings. One soil sample was also collected from each of two boreholes within the water-

bearing zone for analysis for total organic carbon, One grab-groundwater sample was collected from
each borehole from the upper water-bearing zone. All groundwater samples (except HP-11) were
analyzed for the chemicals of concern as well as for indicators of natural attenuation (dissolved
oxygen, redox potential, nitrate, and sulfate).

DRILLING AND SAMPLING PROCEDURES

Drilling was conducted on April 14 and 15, 1999 by Fisch Environmental Services, under direct
supervision of an SES California Registered Geologist. All boreholes (except HP-11) were drilled
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with the Geoprobe™ system which advances an approximately 2-inch diameter steel rod containing
acetate sleeves for core recovery. Drilling and sampling equipment was decontaminated between
each bore by steam cleaning. Sleeves selected for laboratory analysis were capped with non-reactive
caps, labeled and transported under chain-of-custody to the laboratory. Grab-groundwater samples
were collected with vacuum pump tubing inserted through a temporary PVC well casing installed
in the boreholes, and were transferred to appropriate preserved containers for transport to the

laboratory. Sample handling, preservation, and documentation was in accordance with USEPA
protocols.

All bores were geologically logged by visual inspection of scil cores using the Unified Soils
Classification System (USCS). Copies of the geologic logs are included in Appendix G. Soil
samples were field-screened with a photoionization detector (PID) for evidence of soil contamination
to assist in the selection of samples for laboratory analysis and as a cost-effective technique for
supplementing laboratory-analyzed samples to delineate soil contamination. Following sampling
activities, the boreholes were tremie-grouted to the surface with a cement-bentonite grout slurry.
All investigation-derived waste (unused soil samples and decontamination rinsate) was temporarily
containerized onsite for subsequent offsite disposal.
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5.0 FIELD AND LABORATORY ANALYTICAL RESULTS

This section presents the field and laboratory analytical results of the current (April-May 1999)
subsurface investigation, including surface water, groundwater well, exploratory hydropunch and
creek bank sampling results. Field and laboratory analyses included for the first time the
measurement of natural attenuation parameters of redox potential and dissolved oxygen (in the field)
and ferrous iron and sulfate (in the laboratory),

GROUNDWATER WELL AND SURFACE WATER ANALYTICAL RESULTS

All creek surface water and groundwater samples were analyzed for historical constituents of
concern, including TPHg, TPHd, BTEX, and MTBE. Table 2 and Figure 5 summarize the analytical
results of the September 1998 creek surface water and groundwater samples. Section 5.0 presents
a detailed discussion of the significance of the analytical results.

Natural Attenuation Parameters Measured

All of the groundwater monitoring wells and none of the surface water samples were analyzed for
indicators of natural attenuation. Dissolved oxygen and redox potential were measured in the field
using electronic meters. Nitrogen and sulfate were analyzed in the laboratory. Table 3 shows the
results which indicate a wide range of values. The implications of these natural attenuation
parameters are discussed in the next report section.

Creek Surface Water Samples

No compounds were detected above their respective method reporting limits in either the upstream
(SW-3) or downstream (SW-1) locations. TPHg, MTBE, benzene, ethylbenzene, and total xylenes
were detected at the SW-2 location (area of contaminated groundwater discharge). Neither TPHd
nor toluene were detected at that location. Dissolved oxygen concentrations ranged from 8.0 mg/L
to 10.2 mg/L, indicating that creek surface water is well oxygenated and not anaerobic.

Groundwater Sample Results

As shown in Table 2, TPHg, benzene, ethylbenzene, total xylenes, and MTBE were detected in both
MW-2 and MW-4 samples in the current sampling event. For these constituents, concentrations in
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Table 2
Groundwater and Creck Surface Water
Sample Analytical Results, April 6, 1999
Redwood Regional Park Corporation Yard - Oakland, California

(Compound | TRHg
Groundwater Samples
MW-2 82 <50 4.2 <05 34 4.0 7.5
Mw-4 2,900 710 61 1.2 120 30.4 32
Creek Surface Water Samples
SW-1 <50 <50 <0.5 <0.3 <0.5 <0.5 <2
Sw-2 81 <350 2.0 <0.5 2.5 1.3 23
SW-3 <50 <50 <0.5 <0.5 <0.5 <05 <2
Notes:

MTBE = Methy! tertiary buty) ether
TPHg =Total petroleum hydrocarbons - gasoline range (equivalent to total volatite hydrocarbons - gasoline range)

TPHd = Total petroleum hydrocarbons - diesel ranges (equivalent to total extractable hydrocarbons - diesel range)
pg/L = Micrograms per liter, equivalent to parts per billion {ppb)

Table 3

Groundwater Sample Analytical Results:
Natural Attenuation Indicators, April 1999

Redwood Regional Park Corporation Yard - Oakland, California

: tun Nitrogen . [. .. L
~w . 7 . 4 (asNitrate) |- - Sulfate - .

- Sample LD. " (mg/L) - (mg/Ly

MW-1 <1.0 150

MW-2 <1.0 100

MW-3 <1.0 42 1.7 0.02 53
MW-4 <1.0 19 37 2.0 268
MW-5 < 1.0 24 18 0.02 o4
MW-6 <1.0 86 23 0.04 23
Notes: mg/L = Milligrams per liter, equivalent to parts per million (ppm); NA = Not Analyzed; ND = Not Detected
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the MW-4 samples were approximately one order of magnitude greater than the MW-2
concentrations. Neither TPHd nor toluene were detected above the method reporting limit in the
MW-2 samples. Section 6.0 discusses the groundwater analytical results in the context of regulatory

agency criteria. Section 7.0 discusses the significance of the report findings, including remedial
action considerations.

EXPLORATORY BORE SOIL AND GRAB-GROUNDWATER
ANALYTICAL RESULTS

Tables 4 and 5 present petroleum and aromatic hydrocarbon analytical results for borehole soil
and groundwater samples, respectively. Table 6 presents analytical results of natural attenuation
indicators (nitrogen and sulfate) in borehole groundwater samples,

Natural Attenuation Parameters Measured

Nine of the ten groundwater samples (HP-01 through HP-09) were analyzed for indicators of natural
attenuation, including nitrogen (as nitrate) and sulfate. Dissolved oxygen and redox potential were
not measured in the hydropunch samples because they would not be representative. Nitrogen was
below the detection limit in all but one of the samples (HP-05) that had a nitrate concentration just
above the method detection limit. Sulfate was detected in eight of the nine samples, ranging in
concentration from 7.7 mg/L to 100 mg/L.

Quality Control Sample Analytical Results

One field duplicate sample (MW-0A) was collected from well MW-4 and analyzed for TPHg, BTEX
and MTBE to assess whether field procedures produced reproducible results. For detected
compounds, relative percent differences (RPDs) (aka variance from the mean) in concentration
between the field and duplicate samples included: 11 percent (TPHg); 20 percent (benzene); 82
percent (toluene}; 20 percent (total xylenes); and 10 percent (MTBE). With the exception of the
toluene results, these data suggest very good reproducibility of lab results. Field duplicate samples
will continue to be analyzed and evaluated to determine if the recent MTBE results are an anomaly.

Laboratory QC samples (e.g., method blanks, matrix spikes, surrogate spikes, etc.) were analyzed
by the laboratory in accordance with requirements of each analytical method. All laboratory QC
sample results and sample holding times were within the acceptance limits of the methods
(Appendix D), with one exception. The surrogate recovery for one QC sample was outside the
acceptance limits due to matrix interference (sample turbidity). It is unlikely that this single QC
deviation significantly affects the data quality. The only other QC deficiency in the soil,
groundwater and surface water data set was sample HP-03-GW analyzed for TPHd beyond the
method-specified holding time, and therefore the analytical result may be lower than actual.
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Table 4
Borehole Soil Sample Analytical Results:
Petroleum and Aromatic Hydrocarbons, Aprit 1999
Redwood Regional Park Corporation Yard - Oakland, California

G Sample |- | o :. v o ' L Concentrations mmg/kg e B
iSa_mPle LD.. (fgetpl::ﬂ ' TPHg XN I “TPHd Benzene | Toluene Et'ljyljbe}iz"ehe" 1 Tbtgi Xylenes : MTBE -
HP-01-17.5° 17.5° <10 3.8 < 0.005 < 0.005 <0.005 <0.003 <0.02
HP-02-14° 14 970 640 1.3 1.3 5.5 8.7 1.0
HP-03-13° 13 <1.0 5.8 <0.005 < 0.005 <0.005 < 0.005 <0.02
HP-04-15° 157 <1.0 1.7 <0.005 < 0.005 < 0.005 <0.005 <0.02
HP-05-15" 15° <1.0 4.3 <0.005 < {.005 < 0.005 <0.005 <0.02
HP-06-11" 17 1,700 360 1.4 2.7 21 81 <08
HP-07-12° 12’ 29 340 0.028 < 0.005 0.13 0.247 0.02
HP-08-15.5° 15.5 580 83 <0.1 1.0 4.7 4.7 <04
HP-09-15° 15° 610 630 | ] 1.5 3.8 11.2 <0.5
HP-10-14° 4 500 76 0.19 1.6 2.0 3.21 23
Notes:

MTRBE = Methyl tertiary butyl ether

TPHg = Total petroleum hydrocarbons-gaseline range (equivalent to total volatile hydrocarbons)
TPHd = Total petroleum hydrocarbons-diesel range (equivalent to total extractable hydrocarbons)
mg/kg = Milligrams per kilogram, equivalent to parts per mitlion {(ppm)
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Table 5
Borehole Groundwater Sample Analytical Results:
Petroleum and Aromatic Hydrocarbons, April 1999

Redwood Regional Park Corporation Yard - Oakland, California

SampleLD. | TPHg  TPHA | enzen ITBE
HP-01-GW | 1,300 850 <05 <0.5 <05 0.67 <2
HP-02-GW | 31,000 | 270,000 760 12 1,100 833 260
HP-03-GW | 3,700 | 1,400 (a) 25 0.71 130 40.5 31
HP-04-GW 67 <50 <0.5 <05 <05 <05 15
HP-05-GW | <50 <50 <0.5 <05 <0.5 <05 18
HP-06-GW | 54000 | 16,000 830 <13 2,800 11,000 190
HP-07-GW | 42,000 | 15,000 750 49 2,500 5,290 230
HP-08-GW | 13,000 1,900 150 5.4 570 931 120
HP-09-GW | 40,000 6,700 1,700 110 2,100 6,890 200
HP-10-GW | 23,000 8,400 53 32 600 928 57
HP-11-GW | 2,000 440 30 0.85 92 53.3 31
Notes:

MTBE = Methyl tertiary butyl ether

TPHg = Total petroleum hydrocarbons-gasoline range (equivalent to total voiatiie hydrocarbons)
TPHA = Total petroleum hydrocarbons-diesel range {equivalent to total extractable hydrocarbons)
ug/L = Micrgrams per liter, equivalent to parts per billion (ppb)

(a) Sample analyzed beyond method-specified holding time and result may be lower than actual.
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Table 6
Borehole Drilling Groundwater Sample Analytical Results:
Natural Attenuation Indicators, April 1999
Redwood Regional Park Corporation Yard - Oakland, California

HP-01-GW < (.5

HP-02-GW <(0.5 <5.0
HP-03-GW <0.5 61
HP-04-GW <0.5 70
HP-05-GW 0.9 160
HP-06-GW <0.5 7.7
HP-07-GW <0.5 21
HP-08-GW <0.5 10
HP-09-GW <05 14
HP-10-GW NA NA

Notes: mg/L = Milligrams per liter, equivalent to parts per million (ppm); NA = Not Analyzed

Steﬂar EnVironmental Sofutions 27 FDocs 2-Rodwoos Park Juse- 1999 Reprnt dec




6.0 REGULATORY CONSIDERATIONS

The Applicable Relevant and Appropriate Regulations (ARARs) for this site are presented here to
give a regulatory context to the problem before presenting the interpretation of findings and

consideration of remedial action. The ARARSs generally should be considered in the light of the
following:

® There is a significant volume of residual petroleum and aromatic hydrocarbon contamination
in the former UFST source area and in the capillary fringe extending approximately 150
downgradient to Redweod Crecl

source of groundwater contamination. However, given the site conditions, remediation of

. This contaminated soil will continue to be a long-term

this contaminated soil by excavation and offsite disposal is neither practical nor cost-
effective.

B Groundwater contamination is currently greatest at or near the downgradient edge of the site,
- adjacent to Redwood Creek. Groundwater daylights at the base of the slope within the creek
during the low flow period in summer, and site contaminants have been sporadically detected

in creek surface water at a localized point of groundwater discharge.

®  Site groundwater is not utilized for drinking water. Redwood Creek flows to Upper San
Leandro Reservoir, a municipal water supply; however, downstream creek surface water
samples have never contained concentrations of concern as a result of the dilution effect from
the stream. Human health risk associated with site contamination would be limited to short-
term exposure to contaminated surface water.

® Redwood Creek is a protected trout stream, and discharge of contaminated groundwater
should be evaluated in the context of impacts to benthic invertcbrates as indicator of the
overall riparian environment.

®  The lead regulatory agency for the site investigation is the Alameda County Health Care
Services Agency, Department of Environmental Health (ACDEH). The ACDEH is a Local
Oversight Program (LOP) to the RWQCB, and provides its own oversight until some
resolution such as site closure is agreed upon, at which time it sends its recommendation to
the RWQCB for approval of the closure. The California Department of Fish and Game
(CDFG) has communicated their concerns directly to ACDEH as regards potential impacts
to Redwood Creek.
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The following subsections present potentially applicable criteria for evaluating site contamination
in soil, groundwater and surface water, and compare site contamination to the relevant criteria.

SOIL CONTAMINATION
Cleanup and Further Assessment Criteria

Regulatory agencies can require remediation of petroleum-contaminated soil if they deem its impact
significant. The evaluation of impacts can take numerous forms, from the general adoption of a non-
degradational standpoint to the need to demonstrate definitive human health or ecological impacts
of significance. Generally, the first regulatory assessment evaluates if the contamination is
hazardous, which would be the case for hydrocarbons if it were ignitable or toxic, and/or if residual
soil contamination contributes to groundwater and/or surface water contamination resulting in
unacceptable impacts.

The California Regional Water Quality Control Board (RWQCB) has historically utilized a
Designated Level Methodology (DLM) as a guide in determining if a waste (i.e., contaminated soil)
at a given site should be classified as a designated waste and, if so, what cleanup level is needed.
The DLM calculations are site-specific and consider the depth to groundwater, type of soil, total
pollutant load, amount of rainfall, and attenuation factors. In addition, the feasibility and cost benefit
of soil remediation is a point of consideration.

Historically the RWQCB used 100 mg/Kg in soil as a general criterion for initiating groundwater
characterization (RWQCB, 1989), published in the Leaking Underground Fuel Storage Tank (LUFT)
Manual guidance document. The LUFT guidance has been largely superceded by the findings of
the Lawrence Livermore National Laboratory (LLNL) report in October 1995 (LLNL, 1995). The
LLNL report completed a statistical analysis of hydrocarbon plume characteristics of length and
persistence in hundreds of RWQCB cases throughout the state, concluding that hydrocarbons will
slowly degrade over time and are more significantly limited in size than previously thought. These
findings prompted the RWQCB to adopt an evaluation of residual TPH contamination in the context
of an assessment of risk on a case-by-case basis, encouraging the use of risk-based corrective action
(RBCA) assessments.

Comparison of Site Data to Regulatory Criteria

Sufficient site characterization has been conducted to confirm the extent and magnitude of residual
soil contamination, and that this will be an ongoing source of groundwater contamination. It is
highly unlikely that residual soil contamination would be deemed hazardous based on ignitability
or toxicity. Site analytical data confirm that residual soil contaminant concentrations exceed DLM
guidance criteria, and impacts to groundwater from residual soil contamination are confirmed by site
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groundwater analytical data. Therefore, additional soil characterization is not warranted for these
specific objectives. Additional soil characterization could be utilized in the future to evaluate the
potential effectiveness of remedial strategies.

GROUNDWATER CONTAMINATION
Cleanup and Further Assessment Criteria

There are several potentially applicable standards for groundwater contamination: all are drinking
water standards and include:

®  Federal and California primary and secondary Maximum Contaminant Levels (MCLs) and
MCL goals,

®  C(alifornia Department of Health Services (DHS) action levels (ALs) for toxicity, taste, and
odor; and

® (California Environmental Protection Agency (Cal/EPA) Applied Action Levels (AALSs).

The standard that can be applied by the lead regulatory is the strictest of any applicable state or
federal standards, and these can be used as cleanup goals. Table 7 summarizes the groundwater
quality criteria, and recent maximum site concentrations, and includes only the California and federal
MCLs which are generally the most stringent of the drinking water standards. The majority of the
groundwater quality standards are human health risk-based, and apply to groundwater that is a
drinking water source; however, drinking water standards can be applied to sites where groundwater
is not a drinking water source. Cleanup action level criteria can be determined by natural
geochemical conditions at a site. For example, where an existing aquifer has a sustained yield of less
than 200 gallons per day or the electrical conductivity is greater than 5,000 umhos/cm, the California
State Water Resources Control Board (SWRCB) considers the aquifer not usable as a potential
public water supply. Historical groundwater monitoring data indicate that the site groundwater
conditions meet the criteria for a potential public water supply, and therefore drinking water
standards could be applied as cleanup standards.

There are no published numerical groundwater quality standards for TPH. This is because TPH is
a complex mixture of dozens of individual compounds that varies by commercial grade; therefore,
each mixture behaves differently as regards toxicity, transport, and fate. TPH is specifically
regulated under the RWQCB general “nondegradation of beneficial use” policy (RWQCB, 1992),
which essentially is a zero-discharge policy.
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Table 7
Surface and Ground Water Quality Criteria for Detected Contaminants
Maximum  Maximum Historical -
_ ; ‘Detected “Detected Surface Water -
_ 3 - Groundwater .. " | - Groundwater:. | Concentration (b) (ig/L) .
R " Regulatory .. | Concentration & | .. ¥ ¢t - Nomberof Samples/: - -
CAnalyte . Limit (ug/L)- - . Date (a) (ug/L) - R /L . .:_;Nm'nbemfzﬁxmaam;es s
TPH-gasoline No limit established 54,000 — 2/99 No limit established 350
TPH-diesel No limit established 270,000 - 2/99 No limit established 130
Benzenc 1 (Ca MCL-Prim) 1,760 - 2/99 13
71 (IR1S-H20) 0.34 (WQO-DW) 4/12
21 {WQO-Other) 0/12
21 (IRIS-H20+0rg) 0712
71 (IRIS-H20) 0712
130 (EPA Tier II) 0/12
Toluene 40 (fed MCL-Sec-Prop) 110 - 2/99 0.89
1,000 (fed MCL-Prim-Prop) 9.8 (EPA Tier IT) 0/12
200,000 (TRIS-H20) 6.800 (IR1S-H20+Org) 0/12
200,000 (IRIS-H20) 0/12
Ethylbenzene 30 (fed MCL-Sec-Prop) 2,800 - 2/99 19
680 (Ca MCL-Prim) 7.3 (EPA Tier I) 1/12
29,000 (IRIS-H20) 3,100 (IRIS-H20+Org) 0712
29,000 (IRIS-H20) 0712
Total Xylenes 20 (fed MCL-Sec-Prop) 11,000 - 2/99 10.7
1,750 (Ca MCL-Prim) 13 (EPA TierII) 0/12
MTBE 5 (Ca MCL-Sec-Pro} 260 - 2/99 No limit established 2.3
14 (Ca MCL-Prim-Pro)
Notes:

(a} Concentrations detected since February 1998 in site monitoring wells or temporary welt points
(k) Concentrations detected since 1993 in Redwood Creek
Ca MCL.-Prim = State of California Primary Maximum Contaminant Leve} for drinking water

Ca MCL-Sec-Prop = State of Califonia Secondary Maximum Contaminant Level {proposed) for drinking water
EPA Tier Il = USEPA Tier Il values from Proposed Water Quality Guidance for the Great Lakes System, 1993

Fed MCL-Prim-Prop = Federal Primary MCL (proposed); Fed MCL-Sec-Prop = Federal Secondary MCL (proposed)
WQO - DW= California State Water Resources Control Board (SWRCB) Water Quality Objective for inland surface waters that are potential

drinking water sources

WQO - Other = SWRCB Water Quality Objective for inland surface waters that are not potential drinking water sources

IRIS-H20 = Environmental Protection Agency Integrated Risk Information Systerm - concentration at which there is a human carcinogenicity
risk of 10E-6 or less for consumption of water only.

IRIS-H20+0Org = Environmental Protection Agency Integrated Risk Information System - concentration at which there is a human
carcinogenicity risk of 10E-6 or less for consumption of water only.
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Site-specific groundwater cleanup standards (especially for TPH) can be calculated using the now
common risk-based corrective action (RBCA) modeling approach that determines acceptable levels
of residual soil and groundwater contamination that are protective of specified downgradient health
risk or ecological receptors. Because of the documented discharge of contaminated groundwater into
Redwood Creek, the immediate concern of ACDEH and CDFG is potential impacts to Redwood
Creek resulting from groundwater discharge. It is likely that these agencies will require, at a
minimum, that groundwater contamination concentrations not exceed those that pose unacceptable
impacts to Redwood Creek, as discussed in the following paragraphs.

Comparison of Site Data to Regulatory Criteria

Maximum fuel concentrations detected in site groundwater samples during the previous year of
groundwater monitoring and temporary well point sampling that are in excess of published
regulatory agency ARARs for groundwater include:

B Benzene (1,700 pg/L; exceeds the California Primary MCL and IRIS human health criteria).
®m  Toluene (110 pg/L, exceeds the proposed Federal Secondary MCL).

B Ethylbenzene (2,800 ng/L; exceeds the California and Federal MCLs).

® Total xylenes (11,000 pg/L; exceeds the California and Federal MCLs).

N MTBE (260 pg/L; exceeds the proposed MCLs).

As noted previously, greater groundwater contaminant concentrations are inferred to exist in the
central portion of the groundwater plume between historical sampling locations.

SURFACE WATER CONTAMINATION
Regulatory Criteria

As shown in Table 7, there are numerous numerical “action levels™ and guidance criteria for surface
water quality, including:

m USEPA Integrated Risk Information System (IRIS) values for consumption of aquatic
organisms and/or water (human health risk-based). :

® SWRCB Water Quality Objectives (WQOs) for inland surface waters (SWRCB, 1991)
(aquatic toxicity-based and calculated base on a 30-day average of sample concentrations).

®  Oak Ridge National Laboratory (ORNL) Toxicological Benchmarks for Screening Potential
Contaminants of Concern for Effects on Aquatic Biota (ORNL, 1996) (aquatic toxicity-
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based); Table 7 presents the most stringent of the “benchmark™ screening values, which are
the USEPA Tier II water quality guidance criteria.

As for groundwater, there are no numerical criteria published for TPH in fresh (non-saline) surface
water. There is inherent technical difficulty in determining point-of-discharge concentrations in
surface water due to immediate dilution effects, and due to the uncertainty of the geometry and
dynamics of the creek-groundwater interface. Therefore, it is possible that regulatory agencies could
utilize immediately upgradient groundwater concentrations as representative of worst-case surface
water concentrations. A more technically defensible and rigorous approach is to calculate site-
specific target levels by conducting aquatic toxicity bioassay testing, the next more intensive step
beyond the CDFG bioassessment procedure which approximates the minimum threshold conditions
at which the benthic macroinvertebrate community shows impacts.

In addition to numerical criteria, the RWQCB publishes beneficial uses for various surface water
bodies, which are used to establish water quality criteria and discharge prohibitions (RWQCB,
1992). There are no listed direct beneficial uses for Redwood Creek, but the existing fish ladder
within 30 feet of the area where the plume intermittently daylights indicates the creek to be a
sensitive receptor. There are listed beneficial uses for Upper San Leandro Reservoir [located
approximately 4,000 feet south (downstream) of the project site], into which Redwood Creek flows.
Existing beneficial uses for Upper San Leandro Reservoir include: water contact recreation;
municipal and domestic supply; warm and cold fresh water habitats; wildlife habitat; and fish
spawning. Potential beneficial uses include non-contact water recreation.

The CDFG has a “zero discharge” policy that prohibits petroleumn discharge into waters of the state
[Fish and Game Code Section 5650 (a) (1)]. The code allows a discharge if the following two
criteria are met: 1) it is infeasible to completely remove the petroleum; and 2) release is not
adversely affecting the instream biota. Adverse effects include acute and chronic toxicity, as well
as reproductive effects on fish and invertebrates. A copy of the CDFG code is included in
Appendix B. As discussed in Section 3.0, SES retained the CDFG Water Pollution Control
Laboratory (WPCL) to implement its protocol for conducting instream bioassessments to evaluate
impacts to aquatic life. The results of the bioassessment can be used directly by CDFG to determine
if unacceptable impacts to the creek are occurring.

Comparison of Site Data to Criteria

No site-sourced contaminants have been detected in excess of regulatory numerical criteria in site
creek water samples during the previous year of creek water monitoring. The only contaminants that
have been historically detected in creek water samples in excess of published regulatory agency
ARARs for surface water are:
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® Benzene — Detected in 4 out of the 12 surface watering monitoring events since February
1995 (all at location SW-2 near the contaminated groundwater discharge, at concentrations
ranging from 1.9 to 13 pg/L, which exceed the 0.34 pg/L. WQO for inland surface waters
that are potential drinking water sources (note the samples analyzed do not represent an
average concentration over a 30-day period, upon which the WQO is based, and therefore
are not directly comparable to the WQO).

8 Ethylbenzene — Detected in 1 event (19 pg/L, August 1997) at location SW-2, in excess of
the EPA Tier I value for aquatic toxicity.

As discussed previously, the results of the CDFG WPCL instream bioassessment indicated no
adverse impacts to benthic macroinvertebrate communities at the site.
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7.0 DISTRIBUTION AND TRANSPORT OF CONTAMINATION
AND DISCUSSION OF FINDINGS

This section discusses the current distribution of soil and groundwater contamination (and natural
attenuation indicators) based on the current (April-May 1999) subsurface investigation. Appendix
A contains historical soil and groundwater analytical data that were used to supplement the April
1999 borehole analytical data for evaluating the distribution of residual contamination. A
subsequent subsection compares the current contaminant distribution to historical conditions.
Appendix H contains the certified analytical laboratory report and chain-of-custody record for the
borehole soil and groundwater samples.

SUBSURFACE INVESTIGATION
April 1999 Soil Samples
Petroleum and Aromatic Hydrocarbons

TPHg was detected in six of the ten capillary fringe soil samples collected in April 1999. Detected
concentrations ranged from 2.9 mg/kg to 1,700 mg/kg. TPHd was detected in all ten boreholes,
ranging in concentration from 1.7 mg/kg to 640 mg/kg. Only four of the boreholes had TPHd
concentrations above 100 mg/kg. BTEX constituent concentrations generally show the same
distribution as for TPHg. In general, volatile analyte concentrations (TPHg, BTEX and MTBE) are
lower relative to TPHd in borehole samples on the fringe of the contaminant plume, as would be
expected due to natural attenuation and/or volatilization.

The lateral extent of residual fuel contamination in capillary fringe soil is well defined by historical
and current borehole analytical results:
B To the east (upgradient) in the former UFST source area,
& To the north (cross-gradient) by borehole HP-01 (and previous boreholes B1, B10 and B12).
B To the south (cross-gradient) by boreholes HP-03, HP-04 and HP-05 (and previous borehole

MW-5).
® To the west (downgradient) at Redwood Creek where the capillary fringe is exposed in the
upgradient creek bank.
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Data from previous boreholes (MW-6 and B17) documented that soil contamination does not extend
downgradient beyond Redwood Creek. A detailed survey of the creek bank was conducted on May
21, 1999 by SES to estimate the distribution of residual soil contamination adjacent to the creek.
The capillary fringe (and associated contaminsted soil) was observed between several feet upstream
of HP-11 and extended approximately 15 feet downstream: Both the HP-11 grab groundwater
sample and the soil within the above described zone showed evidence of significant contamination
during sampling and the survey. The zone of comamination was thickest (approximately 2 feet)
between HP-11 and a point approximately 10 feet downstream. Contamination in the saturated zone
{(below the creek water level) was evident by pot-holing an additional 15 feet downstream. Therefore
the combined width of the discharge area is estimated to be approximately 30 feet, including the
upstream capillary fringe zone and the downstream area where only below-creek surface
contamination was evident. Neither residual soil contamination nor groundwater discharging above
the creek surface water level was evident anywhere else along the creek.

As shown on Figure 6, the zone of capillary fringe contaminated soil above 1,000 mg/kg TPH
(TPHg + TPHJ) is lenticular shaped, extends approximately 150 feet from the center of the former
UFST source area to Redwood Creek, varies in width between approximately 20 and 40 feet
(approximate average of 30 feet), and is widest approximately halfway between the source area and
the creek. As shown on Figure 7, the thickness of this zone varies between 3 and 8 feet and averages
approximately 4.5 feet over the length of the zone. This corresponds to an approximate volume of
850 cubic yards. A subsequent subsection (“Conceptual Model”) discusses in detail a site-specific
conceptual model of contaminant fate, transport and distribution, which forms the basis for the
estimated extent of residual soil contamination.

Total Organic Carbon

Two soil samples (HP-02-17.5° and HP-06-11.5") were analyzed for total organic carbon (TOC),
which is an indicator of the potential for natural attenuation. The samples had 0.12 percent and 0.19
percent TOC, respectively.

April 1999 Groundwater Contamination Distribution

Fuel contaminants in groundwater were detected at concentrations of concern in eight of the ten
boreholes. In general, TPHg concentrations are significantly greater than TPHd concentrations, as
has been the case historically. The only exception is the sample from borehole HP-02 which showed
TPHA concentration one order of magnitude greater than the TPHg concentration. There is no
apparent explanation for this anomalous result. As would be expected, BTEX and MTBE
constituents generally show the same distribution as for TPHg. The cwrent investigation data
suggest that the greatest total TPH (TPHg + TPHd) contamination in groundwater is located at the
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downgradient edge of the plume in the vicinity of borehole HP-02 (approximately 300,000 pg/L).
Total TPH concentrations decrease along the plume axis closer to the source area. However,
significant total TPH concentrations (approximately 47,000 pg/L to 70,000 pg/L) were detected at
the most upgradient 1999 boreholes (HP-06, HP-07, and HP-09) up to 60 feet upgradient of HP-02,
suggesting a substantial mass of groundwater contamination that will continue to migrate
downgradient toward the creek.

The lateral extent of fuel contamination at concentrations of concern in groundwater is well defined
to the north by borehole HP-01 (and previous borehole B10), and to the south by boreholes HP-04
and HP-05 (and monitoring well MW-5). Data from previous monitoring of well MW-6
documented that groundwater contamination does not extend downgradient beyond Redwood
Creek. While soil and groundwater contaminant concentrations are not directly comparable, the
lateral extent of the groundwater plume generally coincides with the lateral extent of soil
contamination, as would be expected.

As shown on Figure 8, the current data suggest that groundwater contamination above 10,000 pg/L
TPH (TPHg + TPHd) comprises an elliptical plume that extends approximately 100 feet from the
downgradient edge of the former UFST source area to Redwood Creek, and is approximately 60 feet
wide (total of 6,000 square feet). The leading edge of the plume at the Redwood Creek interface
appears to be about 30 feet wide. A smaller zone (approximately 200 square feet) with TPH
contamination above 100,000 pg/L is located in the immediate vicinity of borehole HP-02 at the
leading edge of the plume.

The width of saturated-zone contamination immediately upgradient of the creek bank is estimated
to be approximately 30 feet, based on the May 24, 1999 “pot-holing” survey. As discussed in more
detail in the following subsection (Conceptual Model), the thickness of the groundwater plume
varies seasonally. When the water table is highest, the saturated zone corresponds to the top of the
capillary fringe. In the summer the water table drops several feet creating the unsaturated capillary
fringe of residual contaminated soil. The base of the saturated zone is the top of the weathered
siltstone bedrock unit, encountered at depths between 25 and 35 feet. As shown on Figure 9, the
maximum thickness of the plume is approximately 10 feet.

The maximum groundwater contamination detected in 1993 boreholes was at the B-13, near the 1999
borehole HP-07, which is approximately 60 feet upgradient of 1999 borehole HP-02 where the
maximum groundwater concentrations were detected in 1999. The 1993 groundwater maxima at
B-13 in 1993 was approximately one order of magnitude greater than at HP-07 in 1999, but the
location was not exactly reproduced, being up to 10 feet apart. Based on the range of estimated
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groundwater velocities (8 to 10 feet per year, Section 3.0), we infer that the 1993 “slug™ detected in
1993 near HP-07 would have migrated about 48 to 60 feet downgradient, which would place it at
or close to the HP-02 location where the recent data showed the highest contamination

concentrations. The comparison of the historical and current results is discussed in more detail later
in this section.

While it is likely that contaminant concentrations in that “slug” would have reduced somewhat due
to natural attenuation and volatilization, reduction by an order of magnitude is not viable over the
limited distance of 60 feet. Therefore, we infer that groundwater contaminant concentrations could
currently be greater in the zone just upgradient of HP-02. Fuel concentrations in groundwater at HP-
11, immediately upgradient of the groundwater-creek discharge zone, are two orders of magnitude
less than at HP-02, approximately 20 feet upgradient. Limited contaminant reduction between HP-2
and HP-11 would be expected due to degradation. It is also likely that differences in temporary well
point construction and sampling could have resulted in lower concentrations at HP-11 (i.e, HP-11
was constructed in an excavated hole screened over several inches, while HP-02 was in a deep
borehole and screened over several feet). However, the large difference in concentrations suggests
that groundwater-creek discharge concentrations are likely to increase in the near future.

Borehole grab-groundwater sample concentrations can be significantly greater than those of
comparably located groundwater monitoring well samples, due both to sampling methods and
lithologic influence. The bore HP-10, located further from the inferred centerline of the groundwater
plume than is MW-4, would be expected to show lower concentrations, but in fact showed higher
concentrations. We infer that local variations in site lithology have created finger-like zones of
greater permeability that result in higher groundwater concentrations along preferential pathways.
In addition, the 15-foot long screened interval of well MW-4 allows entry of groundwater from a
much thicker interval than the 5- to 10-foot screens of the temporary well points. Petroleum
constituents at high concentrations tend to act as light non-aqueous phase liquids (LNAPLSs), and
would concentrate in the upper portion of the water-bearing zone. Therefore, the longer screened
interval coupled with well purging prior to sampling likely draws in groundwater that varies in
contaminant concentration, while the temporary well points are selectively sampling the upper, more
contaminated groundwater.

Creek Surface Water Contamination

As discussed previously, TPH and aromatic hydrocarbons have been historicaily detected at the
SW-2 location where contaminated groundwater discharges to Redwood Creek. Contamination is
generally detected only during periods of low creek flow when the contamination is not immediately
swept away and diluted. It is also during periods of low creek flow when contaminated (discolored)




soil is evident in the creek bank, providing empirical evidence of the capillary fringe zone of residual
contaminated soil. Historical contaminant concentrations in creek surface water samples are several
orders of magnitude below immediately upgradient groundwater samples.

Source Area Contaminant Distribution

While no soil or groundwater samples were collected in the current investigation in the area of the
former UFST source area, previous investigation data documented the extent and magnitude of
contamination in that area at that time (1993 and 1994). The 1993 remedial action resulted in the
removal of approximately 600 cubic yards (CY) of TPH-contaminated soil. The extent of the
residual contaminated soil left in the area of the excavation was primarily a function of the concern
over unstable ground immediately upslope (east) of the excavation. An estimated 20 to 100 CY of
TPH-contaminated soil remains at the source arca. The maximum concentrations of residual soil
contamination detected in excavation base and sidewall samples included 12,000 milligrams per
hlogram (mg/Kg) TPHg, 1,300 TPHd, 80 mg/Kg benzene, 390 mg/Kg toluene, 230 mg/Kg
ethylbenzene, and 1,100 mg/Kg total xylenes. This area is now completely paved and would be
expected to act as a continued source to groundwater contamination only during seasonal periods
of high groundwater elevations.

CONTAMINANT TRANSPORT CONCEPTUAL MODEL

Site contamination was initiated at an indeterminate time following installation of the UFSTs by
1968, and resulted from UFST and/or piping leaks and/or overfilling, which are conservatively
estimated to have started in 1973 (5 years after the installation). The hydrocarbon-centamination—
fuel contamination migrated downward, likely in an inverted cone geometry following available
preferential pathways. Downward contaminant migration may have been aided by surface
infiltration and/or return flow in the landslide debris materials in the source area.

Part of the contamination sorbed onto the soil, and part mixed with water to move into the aqueous-
phase. The migration of the hydrocarbons into aqueous-phase resulted in the predominant
mechanism of advective flow for the lateral migration of the groundwater as it moves downgradient.
As contaminated groundwater flows downgradient and the water column fluctuates in elevation
seasonally, a “smear” zone of contamination is created between the highest and lowest elevations
of groundwater at a particular location. During the winter season when water levels are at their
highest, contamination is sorbed from the aqueous phase onto soil solids. When the water table
drops in the summer months, the “smear” zone is exposed as the unsaturated capillary fringe.

Subsequent seasonal increases in water table elevations allow contaminant desorption from the soil
solids into the aqueous phase, providing a continued source of groundwater contamination at
locations downgradient of the UFST source area. Contaminant sorption and desorption can also
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occur within the saturated zone, and can result in fluctuations in groundwater contaminant levels
depending on sorption kinetics and contaminant concentrations.

The top of the “smear” zone is defined by the highest groundwater elevation encountered during
drilling (not equilibrated water levels in an open borehole or well). Because site groundwater occurs
under confining conditions, as evidenced by equilibrated water levels several feet above first
occurrence of groundwater during drilling, the upper level of the “smear” zone can be higher at
locations where the soil is more permeable. This was observed during the 1999 drilling program at
HP-03 where groundwater was encountered 1 to 3 feet higher than the adjacent cross-gradient
boreholes (see borehole geologic logs). An empirical demonstration of the top of the smear zone
is the depth at which soil contamination is first encountered, by lab analysis and/or PID readings in
soil samples. By definition, the base of the “smear” zone is the top of the water-bearing zone at its
lowest elevation (summer and fall).

As discussed in a previous section, site groundwater discharges to Redwood Creek. As confirmed
in the May 1999 installation of temporary well point HP-11 adjacent to the creek, during the winter
and spring seasons the water table elevation is above the base of the creek and the creck is “gaining™
by groundwater input. During the dry summer season, the water table elevation drops and exposes
the capillary fringe in the creek bank, and discolored soil can be observed in the creek bank nearest
to the site. That area of discolored soil is approximately 2 feet thick (above the base of the creek)
and approximately 15 feet wide. During low flow water conditions, there is an accumulation of a
petroleum sheen on the creek surface, and an associated algal bloom that appears to be utilizing the
petroleum as a carbon (food) source. It is at these low flow conditions that petroleum contamination
has been sporadically detected in creek surface water samples. As expected, contaminant
concentrations in surface water samples, when detectable, are orders of magnitude below
immediately upgradient groundwater concentrations, due to the immediate dilution by creek flow.

Historical soil and groundwater sampling and groundwater elevation monitoring in MW-6 across
Redwood Creek from the site indicate that the creek acts as a hydrologic barrier to groundwater. In
other words, the creek is the local hydraulic low point, and site groundwater does not migrate
beneath the creek and to the other side. The width of the groundwater plume at the most
downgradient borehole locations (approximately 20 feet east of the creek) is estimated to be 60 feet
wide, and is likely up to 10 feet thick, the base of the aquifer being the top of the siltstone bedrock.
The width of the groundwater plume immediately upgradient of the creek is not known, but is
expected to approximate the width of the observed smear zone, which is approximately 30 feet wide.
Because creck water depth is seldom more than 1 foot and the zone of discolored soil is only 2 feet
above the creek base, it appears that only the upper portion of the aquifer is discharging into the
creek.
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As shown in the geologic logs (Appendix F), groundwater was first encountered during drilling at
its highest level in boreholes HP-02 and HP-03, which are directly upgradient of the discolored soil
location. Groundwater elevations at adjacent downgradient boreholes (HP-1 and HP-04) were 1 to
2 feet deeper. The flowpath of site-sourced groundwater that is present beneath the elevation of the
creek base very likely curves downstream as it reaches the creek, and flows in the downstream
direction. A detailed visual survey of the creek banks was conducted by SES in May 1999. The area
of discolored soil was observed in the condition noted above. No other areas of discolored soil or
evidence of contaminated groundwater discharge were noted upstream or downstream of that area,

NATURAL ATTENUATION INDICATORS

Numerous field and laboratory studies have concluded that the subsurface behavior of petroleum
hydrocarbons is significantly impacted by their high capacity to undergo biodegradation (Bouwer
and McCarth, 1984; Vogel et. al., 1987, Pitter and Chudoba, 1990; Calabrese and Kostecki, 1992;
Nyer, 1993; McDonald and Kavanaugh, 1994; McAllister and Chiang, 1994; Wilson et. al., 1994;
Lawrence Livermore National Laboratory, 1995). Petroleum hydrocarbons require molecular
oxygen for breakdown of the ring structure of specific constituents. Accordingly, although
biodegradation of hydrocarbons can occur under anaerobic conditions, hydrocarbon biodegradation
1s greatest under aerobic conditions. As a result of the demonstrated degradability of petroleum
hydrocarbons, monitored natural attenuation (MNA) has been found to be a viable option for
addressing many hydrocarbon plumes, replacing the need for active remediation, when there are no
sensitive receptors that could be impacted before the MNA reduced the concentrations to acceptable
levels. Specifically, biodegradation of petroleum hydrocarbons in groundwater has a significant role
in creating a stable plume, minimizing groundwater plume configuration and concentrations over
time (Lawrence Livermore National Laboratory, 1995). Hydrocarbon biodegradation and presence

of a stable plume are the basis for application of risk-based methodologies in support of site closure
(RWQCB, 1996).

Site Evidence of Natural Attenuation

The site data show some natural attenuation is occurring, but that the 150 feet distance between the
source and the Creek was insufficient to biodegrade the contaminants before they discharged to
Redwood Creek. In the absence of a continuing source, the primary evidence of biodegradation is
a declining trend in hydrocarbon concentrations. Historical groundwater quality data at the site
reflect a declining trend in concentrations and occurrence of biodegradation at the lateral margins
of the plume and the portion of the plume decapitated by the 1993 remediation. An exception to this
trend is the centerline of the plume still indicated to have relatively elevated concentrations that is
located between HP-09 and HP-02. Additional evidence of the historical occurrence and potential
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for future occurrence of biodegradation can be obtained from analysis of groundwater for specific
biodegradation-indicator parameters including:

Dissolved Oxygen

Dissolved oxygen (DO) is the most thermodynamically-favored electron acceptor used in aerobic
biodegradation of hydrocarbons. Active aerobic biodegradation of petroleum hydrocarbon
compounds requires at least 1 mg/L to 2 mg/L. of DO in groundwater. During aerobic
biodegradation, DO levels are reduced in the hydrocarbon plume as respiration occurs. Therefore,

DO levels that vary inversely to hydrocarbon concentrations are consistent with the occurrence of
aerobic biodegradation.

Oxidation-Reduction Potential

The oxidation-reduction potential (ORP), or redox potential of groundwater is a measure of electron
activity and is an indicator of the relative tendency of a solute species to gain or lose electrons. The
ORP of groundwater generally ranges from -400 millivolts (mV) to +800 mV; under oxidizing
conditions the ORP of groundwater is positive, while under reducing conditions the ORP is typically
negative or less positive. Reducing conditions (less positive ORP) are consistent with occurrence
of anaerobic biodegradation. Therefore, ORP values of groundwater inside a hydrocarbon plume
are typically less than those measured outside of the plume.

Sulfate Analyses

Lower concentrations within the plume relative to outside the plume are generally indicative of the
occurrence of biodegradation.

General Mineral Analyses

An inverse relationship between general minerals, including Fe2+, Mn2+, NO3- and SO42-, and
hydrocarbon concentrations, is also indicative of the occurrence of biodegradation. Specifically,

anaerobic degradation and oxidation of compounds is implied where general mineral concentrations
are low and TPH concentrations are high.

Supporting Biodegradation Data From April 1999 Analyses

A single round of biodegradation-indicator (bio-indicator) parameters was collected at the site in
April 1999 in site wells and temporary well points. All of the six monitoring wells were analyzed
for DO, ORP, ferrous iron (Fe2+), and sulfate, while the hydropunch samples were analyzed for
Fe2+ and sulfate only. The data indicate DO levels in groundwater wells ranged from 1.7 to 6.8
mg/L, sufficient for the occurrence of biodegradation. The range of DO indicate that variable levels

Stellar Environmental Solutions 46 F1o 1fbvred P




S

of natural attenuation is occurring. Furthermore, the ORP levels ranged from -155 millivolts to 268
millivolts, consistent with the presence of both reducing conditions and oxidizing conditions. Only
one well MW-2, located at the ori gmal source, showed reducmg conditions. The wel(MW—éthh

from non-detectable levels to 0.04 mg/L. Sulfate ranged from 19 to 150 mg/L, with the 100 mg/L.
occurring in well MW-2 outside of main plume and the 19 mg/L occurring at well MW-4 in the
centerline of the plume. Although bio-indicator data at the site are limited, the following site data
relationships suggest higher attenuation rates in less impacted well MW-2 compared to the more

impacted well MW-4; Hoeye. dota. da ot appese b slao Gumsy Tresd s /
® DO levels in impacted well MW-4 ( 3.7 mg/l) compared to less impacted well MW-2 (6.8
mg/l);

B ORP levels in impacted well MW-4 (268 milllivolts) compared to less impacted well MW-2
(-155 mullivolts):

m Fe2+ levels in impacted well MW-4 (2.0 mg/l) compared to less unpacted well MW-2 (none
detected); and

B Sulfate levels in impacted well MW-4 (19 mg/L ) compared to less impacted well MW-2

(100 mg/L ). The sulfate data is the most supportive of some indication of biodegradation
occoring at MW-4.

Future monitoring for bio-indicator analyses may allow for a more complete evaluation of the
occurrence of biodegradation at the site.

TREND ANALYSIS AND PLUME STABILITY

There have been 14 groundwater monitoring events completed in site wells since November 1994.
Data from these events form the basis of the hydrochemical trend analyses completed in this report.
Hydrochemical trend analyses were performed for the analytes TPHg, TPHd and BTEX. A tabular
summary of historical hydrochemical analyses is provided in Table A.2 (Appendix A) and
hydrochemical trend plots for individual constituents are also included in Appendix A.

Figure 10 illustrates the hydrochemical trends for all of the hydrocarbon compounds analyzed for
in the downgradient well MW-4. This well has historically shown the highest and most persistent
concentrations. The figure presents these data as a four quarter moving average on a logarithmic
scale to enhance trend lines and allow for the comparison of all the chemicals of concem on one plot.
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Historical Ground Water Analytical Results: Well MW-4
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All constituents have shown a general decrease since groundwater monitoring began in 1994. Four-
quarter moving average concentrations showed a general decrease through early 1998, when average
concentrations began to increase, likely due to increasing groundwater elevations during the
anomalously wet winters of 1998 and 1999, and subsequent desorption of contamination from the
capillary fringe. Ethylbenzene, toluene, and total xylenes in well MW-4 have shown a stabilized or
reducing trend line since early 1998. The TPHg concentrations have shown a slightly increasing
trend since early 1998, and the TPHd and benzene concentrations have shown a somewhat steeper
increase in that time period. These data reflect the continuing downgradient migration of petroleum
contamination from upgradient locations.

Appendix A contains the full set of hydrochemical plots for each of the constituents and without the
smoothing effect inherent in the four-quarter moving average. The concentrations show a wide
range of fluctuations within the general trends, reflecting the seasonal groundwater elevation effects
on the residual contaminated soil acting as continuing input source.

The stability of the plume and the general effects of natural attenuation, coupled with volatilization,
can be evaluated by comparing site groundwater contamination concentration reductions from
historical maxima to current conditions. Because of the significant seasonal variations in
groundwater contaminant concentrations, contaminant reduction calculations in Table 8§ are based
on November 1994 and September 1998 analytical results, as these events are representative of the
same seasonal conditions.

An additional data set that can be used to qualitatively assess plume stability and changes in
contaminant distribution over time is to compare borehole sample analytical data between historical
and the current investigations. Two locations within the plume boundaries have closely spaced
boreholes that were sampled in 1993 and again in 1999, including the location represented by B13
(1993) and HP-07 (1999) and the location represented by B15 (1993) and HP-02 (1999). Table 8
compares the soil and groundwater analytical data from these boreholes.

In 1993, groundwater contaminant concentrations were approximately two orders of magnitude
greater in the upgradient borehole B13 vs. the downgradient borehole B15 (distance of approx-
imately 60 feet). In 1999 the groundwater concentrations are generally comparable or higher at
downgradient borehole HP-02 vs. upgradient borehole HP-07 (with the exception of toluene). The
1999 groundwater concentrations have increased significantly at the downgradient location HP-02
relative to 1993 concentrations and have decreased at the upgradient location HP-07 relative to
1993. Total 1999 TPH groundwater concentrations at the downgradient location (and intermediate
borehole HP-09) are significantly lower than the maximum concentrations detected in the 1993
upgradient location. These data indicate that, between 1993 and 1999, the center of contaminant
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Table 8
Comparison of Historical and Current Investigation Results
Redwood Regional Park Corporation Yard - Qakland, California

ampleI.D TPI-Ig ; TPHd Benzene Tnluen nget:ls 3
Groundwater Samples (ug/L)
B13 (1993) 810,000 2,300,000 12,000 18,000 22,000 73,000
HP-07 (1999) 42,000 15,000 750 49 2,500 5,290
B15 (1993) 16,000 99.000 20 <100 330 810
HP-02 (1999) 31,000 270,000 760 12 1,100 833
Soil Samples (mg/kg) -

B13(1993) 1,500 420 <04 <04 13 78
HP-07 (1999) 29 340 0.028 < 0.005 0.13 0.347
B15(1993) 1,900 1,300 1.1 0.8 9.1 14
HP-02 (1999) 970 640 1.3 1.3 5.5 87

Notes:

TPHg = Total petroleum hydrocarbons-gasoline range (equivalent to total volatile hydrocarbons)
TPHd = Total petroleum hydrocarbons-diesel range (equivalent to total extractable hydrocarbons)
ng/L= Micrgrams per liter, equivalent to parts per billion (ppt)

mg/kg = Milligrams per kitogram, equivalent o parts per million (ppm)

mass moved downgradient from the source area and is currently at the near the downgradient edge
of the site, near Redwood Creek. It is unlikely that contaminant degradation of one order of
magnitude would occur over the short flow path between 1993 borehole B13 and 1999 borehole
HP-02, suggesting that maximum site groundwater concentrations are likely upgradient of the HP-02
location. This is supported by the estimated groundwater velocity that predicts an advective
transport distance of 48 to 60 feet since 1993, as discussed previously.

In 1999 soil contaminant concentrations are greater at the downgradient location HP-02 and HP-08
compared to the upgradient points HP-07 and HP-09, corroborating that the center of mass of
contamination has moved from the source area downgradient towards the edge of the site. In
addition, soil concentrations in 1999 have decreased at both locations relative to the 1993 samples.
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This suggests that natural attenuation and/or volatilization have been active in reducing capillary
fringe soil concentrations over time.

While not as closely spaced as the above “coupled” boreholes, a comparison of the 1993 data at
borehole B14 and the nearby 1999 borehole HP-04 is also useful. These boreholes are both located
on the southern edge of the contaminated zone near its downgradient limit, approximately 130 feet
from the source area. Elevated concentrations of all fuel constituents (except toluene) were detected
in B14 in 1993 in soil and groundwater. In 1999 only TPHg (in groundwater) and TPHd (in soil)
were detected in nearby borehole HP-04, and at a concentrations three orders of magnitude below
the 1999 concentrations. These dat@ﬁﬁn;_ﬁiat natural attenuation and/or volatilization have been
effective in reducing contaminant concentrations at the fringe of the plume, in effect shrinking the

plume width. é’f{ﬁe’{ 2

PROJECTED FUTURE TRENDS AND REMEDIAL OPTIONS
-
S sl
As discussed previously, the majority of contaminated soil in the UFST source area was removed

in 1993. Due to the location of the excavation being near the top of a landslide area, the excavation
could not remove small pockets of relatively high concentration TPH-contaminated soil.
Remediation by excavation at the site provided the residual TPH in the soil with more available
oxygen through the layer of permeable backfill material overlying the original excavation. This
should provide more oxygen transfer critical to aerobic egradtion.s;';le.gontinued decrease in
groundwater concentrations at source area well MW- e contaminant plume is in the
process of “disconnecting” from the source area; however, long-term source area contributions will
continue to some degree as long as groundwater is in contact with contaminated soil and is allowed
to migrate downgradient.

The distribution of the residual TPH soil at depth along the length of the 150-foot long plume makes
it practically and economically burdensome to remove. It is well documented in the literature that
petroleum hydrocarbons in soil and groundwater will diffuse and slowly degrade by microbial
utilization of the hydrocarbons as a carbon food source to break it down into benign byproducts of
carbon dioxide, water and biomass. This process of natural attenuation is favored by optimal
conditions of soil moisture, nutrients, the presence of TPH-degrading microbes, and sufficient
distance between the source area and any identified downgradient receptor to allow the plume to
stabilize. Typical literature-cited in-situ biodegradation rates calculated from respiration tests at
bioventing pilot tests are between 500 and 1,000 mg/kg TPHd per year (Makdisi and others, 1992;
Miller and others, 1993). In this environment, where there is no supplied oxygen as there is in the
case of a bioventing system, the degradation rates will be slower.
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As discussed in the previous section, attenuation at the site is demonstrated on the fringes of the
plume, but is muted in the centerline of the plume. A maximum microbial respiration rate and
subsequent hydrocarbon attenuation is achieved when TPH concentrations exceed an “optimum”
concentration relative to the microbial population. Resultant decreases in dissolved oxygen inhibit
further attenuation, which typically occurs along plume centerlines and in source areas. Attenuation
in these conditions can be improved with supplemental oxygen, delivered via either venting,
injection or introduction of oxygen-releasing compounds.

The range of groundwater velocities in the plume area is estimated to be 8 to 10 feet per year.
Current conditions include a 30- to 60-foot wide groundwater fuel plume in the approximately 20-
foot long area between the downgradient edge of the parking area and Redwood Creek, a steep
vegetated hillside slope with no vehicle access. There is no reasonably cost-effective method for
remediating contamination within this zone. A substantial mass of groundwater and capillary fringe
soil contamination is located upgradient of that zone, primarily under the parking lot. Based on the
current plume configuration and hydraulic regime, we infer that groundwater contamination equaling
or exceeding current site maxima could persist at the downgradient plume limits (adjacent to
Redwood Creek) for at least several years.

Implementing a remedial action should be considered if current or future conditions result in

 unacceptable impacts to Redwood Creek. Current conditions, evidenced by the CDFG WPCL

bioassessment findings and historical surface water sampling results, do not suggest current
umacceptable impacts. Despite the elevated groundwater concentrations at immediately upgradient
locations, the groundwater discharge-creek interface system suggests that only the vertically upper
portion of the plume is contacting the creek, and the remaining contaminant mass is below the creek
base. However, conditions could worsen as higher groundwater concentrations migrate
downgradient and reach the creek. A significant site constraint is the relatively short distance
between the current inferred center of contaminant mass and Redwood Creek, which precludes
installation of an effective “trigger” monitoring well system between the plume and the creek.

Significant reduction of contaminant concentrations and duration of discharge could be achieved by
a number of methods. The most effective to inhibit impact to Redwood Creek would be a passive
or relative hydraulic barrier, such as a cutoff wall, funnel-and-gate configuration, reactive wall or
groundwater extraction trench across the plume’s longitudinal axis at the most downgradient
accessible location. However, this remedial strategy may not be viable based on high cost and
disruption to the park operation.

Another potentially effective technique would be installation of an array of closely-spaced boreholes
across the longitudinal axis of the plume that are screened over the saturated interval and contain an
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oxygen-releasing compound (ORC). This passive remedial technique creates a highly oxygenated
zone in the areas where natural attenuation is limited by oxygen availability. The density of spacing
is configured such that an “oxygen barrier” is created, effectively preventing significant plume
migration beyond the array. The primary advantages of this technique are that it requires only a one-
time program of borehole installation, minimizing impacts to park operations, and the relatively
lower cost compared to other remedial strategies. The potential disadvantage of remediation by
ORC are the site-specific constraints, especially as regards limited space. Ideal conditions for this
technique include a downgradient monitoring point(s) that can be used to evaluate the effectiveness
of the technology. In this case, treatment boreholes would necessarily be installed at the most
downgradient locations possible in order to achieve maximum control on the plume. If two or more
longitudinal arrays were installed, a monitoring point could be placed between the arrays to provide
an evaluation of at least the upgradient portion of the treatment area.
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8.0 SUMMARY, CONCLUSIONS AND PROPOSED ACTIONS

SUMMARY AND CONCLUSIONS

The conclusions presented in this section are based on previous investigation and remediation
reports, field investigation descriptions, analytical results, and interpretations delineated and
developed in the body of this report. Interpretations are based on data collected by previous
investigators between 1993 and February 1998, and on the results of the SES field investigations
conducted between September 1998 and April 1999.

m  The site utilized two UFSTs (diesel and gasoline) that were excavated and removed from the
- site in 1993, along with 600 CYof contaminated soil. An estimated volume of 850 CY of
petroleum-contaminated soil with concentrations above 1,000 mg/Kg is estimated to be left

in place in the area of the original excavation and downgradient of it along the pathway of
the plume. Most of the residual contaminated soil exists in the capillary fringe up to 150 feet
downgradient of the former UFSTs, resulting from the sorption of fuel constituents from
contaminated groundwater onto capillary fringe soils during periods of high groundwater
elevation. This soil contamination will be a long-term source of groundwater contamination.

®  Groundwater sampling conducted on an approximately quarterly frequency since November
1994 (14 events) has shown an overall decreasing concentration trend in groundwater
contaminants, which include gasoline, diesel and BTEX. MTBE was detected in both the
source area and the downgradient monitoring wells when it was analyzed for the first time
in September 1998.

® Near-maximum historical groundwater contaminant concentrations were detected in
February 1998, coinciding with unusually heavy rains and correspondingly high groundwater
elevations, which likely desorbed capillary fringe soil contamination into groundwater. The
recent (April 1999) groundwater analytical data showed results consistent with previous
analyses, with maximum concentrations detected in well MW-4.

® Maximum groundwater contaminant concentrations in site wells have historically been
detected in downgradient well MW-4, suggesting that the center of mass of the contaminant
groundwater plume has moved from the UFST source area, beyond well MW-2.
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@ Significantly greater groundwater contamination detected in the April 1999 subsurface
investigation suggest that MW-4 is not located directly along the plume’s longitudinal axis.
The recent data also suggest that there is a substantial mass of groundwater contamination
upgradient of the parking lot’s downgradient edge, which will continue to migrate toward
Redwood Creek, and that future impacts to Redwood Creek from contaminated groundwater
discharge may be worse than at present.

B The April 1999 hydropunch groundwater data indicate that the centerline of the contaminant
plume—the line of maximum groundwater contamination—is located coincident with
borehole location HP-02, approximately 20 feet south of well MW-4. Redwood Creek is a
hydraulic barrier preventing contaminated groundwater migration beyond the creek. RBR
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¥ Discharge of petroleum-contaminated groundwater intc Redwood Creek is evidenced by:
historical observation of petroleum-discolored soil in the bank of Redwood Creek
downgradient of the former UFSTs; sporadic detection of fuel constituents in creek surface
water samples collected at that location; and the growth of an algae on the surface water
surface at that location suggesting that the petroleum is serving as a carbon source.

A site reconnisance of the Creek bank was performed on May 22, 1999; by digging into the
bank material above the Creek, a 30-feet wide by approximately 2-feet thick zone of
discharge to Redwood Creek was identified. Groundwater contamination below the base of
Redwood Creek is likely to also be present, but is not expected to impact the aquatic

~ environment. A grab-groundwater sampling point, located in the creek bank just above the
area where historical fuel concentrations were detected in surface water samples, showed
concentrations far higher than the concentrations detected in the surface water, but also
significantly lower than concentrations detected in upgradient hydropunch samples. The
trace concentrations in the surface water compared to the groundwater plume is attributed
to the dilution effect in the stream.

®  The limits of the groundwater contaminant plume are well-defined by site groundwater
monitoring wells and the April-May 1999 subsurface investigation, and extend from the
source area to Redwood Creek, a distance of approximately 150 feet. The area of the plume
with TPH concentrations > 10,000 pg/L is up to 60 feet wide by 100 feet long, and begins
approximately 30 feet downgradient of the source area, suggesting that the plume is
becoming “disconnected” from the former UFST source area. The leading edge of the plume
daylighting in the creek banks is approximatley 30 feet wide.
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B Natural attenuation is indicated to be occuring at the site, mainly at the plume margins and
former source area versus the higher contamintion centerline of the plume. The higher
concentration in the center line of the plume is likely to limit oxygen required for microbial
biodegradation.

W The CDFG code stipulates a policy of zero discharge of petroleum to surface waters, unless
it can be demonstrated that complete removal of the petroleum is infeasible and that instream
biota are not affected. The results of the initial stream bioassessment event (April 1999)
indicate no impacts to the benthic macroinvertebrate community in Redwood Creek, A
minimum of one additional bioassessment event before this year’s rains is recommended by
CDFG to complete the evaluation of the full life cycle of potentially impacted
macroinvertebrates.

8 There are no established cleanup criteria for residual soil contamination by TPH. The
RWQCB has a to-be-considered ARAR of 1 mg/kg total BTEX in soil. However, the need
for remedial action in the soil media and the remedy selection for corrective action should
be based on potential impacts to groundwater and surface water quality resulting from
desorption of soil contamination.

B Site groundwater contaminants that have been historically (and recently) detected in excess
of drinking water standards include benzene, ethylbenzene, total xylenes, and MTBE; there
are no drinking water standards for TPH compounds. While it is unlikely that site
groundwater would be used as a drinking water source, drinking water standards could be
applied by regulators as cleanup standards.

¥ Benzene is the only site-sourced contaminant that has been detected in creek surface water
samples in excess of published water quality objectives (WQOs) for surface waters that are
a potential drinking water source. Ethylbenzene has been detected once in excess of the
USEPA water quality guidance criterion. Based on the absence of detectable contamination
immediately downstream of the site, it is very unlikely that site contamination has the
potential to impact the nearest municipal drinking water source (Upper San Leandro
Reservoir).

PROPOSED ACTIONS

Following the District’s review of the draft of this report, the District has elected to implement the
following actions to address regulatory concerns:

assoclated w1th reszdual site contammatmn
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® Ifregulatory agencies deem mitigation is necessary, conduct a limited feas:blhty study to
determine the most appropriate and cost-effective remedial strategy.

®  Continue the established program of quarterly groundwater elevation monitoring (all site
wells) and sampling (wells MW-2 and MW-4 only). Based on a previous comparative site
study, we recommend that all groundwater samples collected for laboratory analysis be
collected following well purging.

®  Continue the established program of quarterly surface water sampling, with one revision.
Aigcontinuing sampling at the upstream location SW-1 is warranted, given that no significant
surface water contamination has historically been detected at that location. The previous
ACDEH-approved recommendation to decrease the frequency of surface water sampling
from quarterly to semi-annually is not technically appropriate at this time, given the
documented impacts to Redwood Creek from discharge of contaminated groundwater and
the need to monitor the discharge closely.

® Per the recommendation of CDFG, complete a follow-on instream bioassessment of
macroinvertebrates prior to the onset of winter rains (fall 1999) to assess potential impacts
at the end of the macroinvertebrate life cycle.

099, dniiuditg sions regarding the findings and proposed actions o addeess
remaining regulatory issues.
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10.0 LIMITATIONS

This report has been prepared for the exclusive use of East Bay Regional Park District and their
authorized representatives or the Regulators, No reliance on this report shall be made by anyone
other than the client and regulators for whom it was prepared.

The findings and conclusions presented in this report are based on the review of previous
investigators’ findings at the site as well as site activities conducted by SES since September 1998.
This report provides neither a certification nor guarantee that the property is free of hazardous
substance contamination. This report has been prepared in accordance with generally accepted
methodologies and standards of practice of the area. The SES personnel who performed this limited
remedial investigation are gualified to perform such investigations and have accurately reported the
information available but cannot attest to the validity of that information. No warranty, expressed
or implied, is made as to the findings, conclusions and recommendations included in the report.

The findings of this report are valid as of the present. Site conditions may change with the passage
of time, natural processes or human intervention, which can invalidate the findings and conclusions
presented in this report. As such, this report should be considered a reflection of the current site
conditions as based on the investigation and remediation completed.
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Historical Soil Analytical Results




Table A.1

Summary of Historical Soil Sample Analytical Results
Redwood Regional Park Service Yard

Oakland, California

UFST Excavation Confirmation Samples — May & June 1993 (*in

dicates soil at that location was removet)

DT-1*

10 NA 4 <0.005 <0.005 <0.005 < 0.005

DT-2% 10 NA 3 <0.005 < 0.005 <{(.003 < (_).005
GT-1* 12 800 NA 6.3 43 18 94

GT-2 12 2,200 NA 19 120 45 250
El-17 17 <1 NA <0.005 <0.005 < 0.005 < 0.005
E2-16 16 <1 NA <0.003 <0.005 < 0.005 < 0.005
E3-16 16 12,000 NA 80 390 230 1,100
E4-13 13 6 NA 0.37 0.006 0.1 0.1
ES-7.5 7.5 <1 NA <0.005 <0.005 <0.005 <0.003

Exploratory Borehole Samples — September and October 1994
Bi-11 Iy <1 NA <0.005 < 0.005 < 0.005 <0.003
B1-27 27 <] NA <0.005 <0.005 <0.005 <0.003
B2-11 11 <1 NA <0.005 < 0.005 <0.005 <0.0035
B2-15 15 <1 NA <0.005 <0.005 <0.005 <0.005
B3-12 12 <1 NA <{.005 <0.005 <0.005 <0.005
B3-18 18 <1 NA < 0.005 < 0.005 <0.0035 < 0,005
B4-18 18 <1 NA <0.005 <0.005 < 0.005 <0.005
B4-23 23 <1 NA < 0.005 <0.005 <0.005 <0.005
B5-11 11 <1 NA <0.005 < {.005 < (.005 < 0.005
B7-12 12 <1 NA <0.005 <0.005 <0.005 < 0.005
B8-4 4 <1 NA <0.005 <0.005 < 0.005 <0.005
BE-10 10 <1 NA < 0.005 <0.005 <0.005 < 0.005
B9-11 11 370 NA 1.7 7.9 6.9 34
B9-21 21 <1 NA 0.1 0.011 0.017 0.069
B9-28 28 <1 NA <0.005 0.033 0.635 0.14
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=rB 10-6
B10-21 21 <1 7 < 0.005 <0.005 < 0.005 <0.005
B11-11.5 11.5 <1 <2 0.021 <0.005 <0.005 <0.005
B12-14.5 14.5 150 NA 0.24 0.44 1.7 4.6
B12-15 £S5 77 NA 0.15 0.24 0.9 2.7
B12-21 21 97 NA 0.46 1.2 2 5.4
BI3-12 12 1,500 NA <04 <04 13 78
B13-15 15 1,800 420 8.8 39 30 120
B14-18 18 210 50 0.017 0.1 0.34 0.63
B15-17 17 1,900 1,300 1.1 0.8 9.1 14
B16-17.5 17.5 50 NA <0.1 <0.1 0.2 0.2 '
B17-12.5 12.5 <1 NA < 0,005 < 0.005 <0.005 < 0.005
Menitoring Well Installation Borehole Samples — October 1994
MW1-5 3 <t 3 <0.005 <0.005 <0.005 <0.005
MW-21 21 130 48 0.31 0.18 1.3 4.4
MW3-10 10 <1 3 < (.005 < 0.005 <0.005 < 0.005
MW3-25 25 <1 5 <0.005 <0.005 <0.005 <0.005
MW4-15.5 15.5 22 4 <0.005 0.038 < 0.005 0.49
MW4-16.5 16.5 10 43 < 0.005 6.009 0.11 0.21
MW5A-15 15 570 200 < 0.005 1.1 L9 29
MW35-15 13 <1 2 < 0.005 < 0.005 < 0.005 < 0.005
MW6-19 19 <1 2 <0.005 < 0.005 < 0.005 <0.005
Exploratory Borehole Samples - April 1999
HP-01- 17.5° <1.0 3.8 <0.005 <0.005 <0.005 <0.005
17.5°
HP-02-14° 4 970 640 1.3 L3 5.5 8.7
HP-03-13" 13 <1.0 5.8 < 0.005 < 0.005 <0.003 <0.005
HP-04-15° 15 <1.0 1.7 < 0.005 < 0.005 <0.005 <0.005
HP-05-15 157 <1.0 4.3 <0.005 < 0.005 < 0.005 <0.005
HP-06-11" v 1,700 360 1.4 2.7 21 81
HP-07-12° 12’ 2.9 340 0.028 <0.005 0.13 0.347
HP-08- 15.5° 580 83 <0.1 1.0 4.7 4.7
Stellar Environmental Solutions A-2 it

Pkl




l 15.5°
HP-09-15° 15° 610 630 1.5 1.5 3.8 11.2
l HP-10-14’ 14 500 76 0.19 1.6 2.0 3.21
Notes:
TPHg - Total petraleum hydrocarbons — gasoling range {equivalent to total volatile hydrocarbons)
l TPHd/k — Total petroleum hydrocarbons — diesclkerosene ranges (equivalent to total extractable hydrocarbong)
NA =Not Analyzed
l mg/kg = milligrams per kilogram {equivalent to parts per million — ppm}
I Stellar Environmental Solutions A-3 ¥ Rk a9t f
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TABLE A.2

HISTORICAL GROUNDWATER MONITORING WELL ANALYTICAL RESULTS
REDWOOD REGIONAL PARK SERVICE YARD, OAKLAND, CALIFORNIA

(all concentrations in pug/L, equivalent to parts per billion [ppb])

Well MW-2
Event | Date TPH-G | TPH-D | Benzene | Toluene | Ethylbenzene | Total Xylenes | Total BTEX MTBE

1 Nov-94{ 66 <50 3.4 <0.5 <05 0.9 43 NA
2 Feb-95| 89 <50 18 24 1.7 7.5 29.6 NA
3 May-95 < 50 <50| 3.9 <05 1.6 25 8 NA
4 Aug-95 < 50 <50| 6.7 <0.5 <05 <05 5.7 NA
5 May-96 < 50 < 50 <05 <0.5 <0.5 <0.5 — NA
8 Aug-96 < 50 < 50 <0.5 <0.5 <05 <05 — NA
7 Dec-96 < 50 <50| 6.3 <0.5 1.6 <0.5 7.9 NA
8 Feb-97 < 50 <50| 0.69 <0.5 0.55 <0.5 1,24 NA
9 May-97| 67 <50| 8.9 <05 5.1 <1.0 14 NA
10 | Aug-97 < 50 <50 45 <05 1.1 <0.5 5.6 NA
11 Dec-97| 61 <50 21 <05 6.5 3.9 31.4 NA
12 Feb-98| 2,000 200 270 92 150 600 1,112 NA
13 Sep-98 < 50 <50 <0.5 <0.5 <0.5 <0.5 — 7
14 Apr-98| 82 710 4.2 <05 3.4 4 11.6 7.5

NA = Not Analyzed for this constituent

Lab-sum

STELLAR ENVIRONMENTAL SOLUTIONS




TABLE A.2 (continued)

Well MW-4
Event { Date TPH-G | TPH-D | Benzene | Toluene | Ethylbenzene | Total Xylenes | Total BTEX MTBE
1 Nov-94| 2,600 230 120 4.3 150 88 : 363 NA
2 Feb-95| 11,000 330 420 17 440 460 1,337 NA
3 May-95| 7,200 440 300 13 390 330 1,033 NA
4 Aug-95 1,800 240 65 6.8 89 66.5 227 NA
5 May-96| 1,100 140 51 <05 <0.5 47 98 NA
6 Aug-96| 3,700 120 63 2 200 144 409 NA
7 Dec-96| 2,700 240 19 <05 130 92.9 242 NA
8 Feb-97} 3,300 < 50 120 1.0 150 102.5 374 NA
9 May-97| 490 < 50 2.6 6.7 6.4 6.7 22 NA
10 Aug-97| 1,900 150 8.6 3.5 78 52.6 143 NA
11 Dec-97( 1,000 84 4.6 2.7 61 54.2 123 NA
12 Feb-98| 5,300 340 110 24 320 402 856 NA
13 Sep-98] 1,800 <50 8.9 <0.5 68 26.9 104 23
14 Apr-99| 2,900 710 61 1.2 120 80.4 263 32
NA = Not Analyzed for this constituent
Lab-sum STELLAR ENVIRONMENTAL SOLUTIONS




TABLE A.2 (continued)
Well MW-5
Event | Date TPH-G | TPH-D | Benzene | Toluene | Ethylbenzene | Total Xylenes | Total BTEX MTBE
1 Nov-94 50 < 50 <05 <05 <0.5 <05 — NA
2 Feb-95 70 < 50 0.6 <05 <05 <05 0.6 NA
3 May-95 < 50 < 50 <05 <0.5 <0.5 <05 _ NA
4 Aug-95 < 50 < 50 <05 <05 <0.5 <0.5 — NA
5 May-96 < 50 < 50 <0.5 <05 <0.5 <0.5 — NA
6 Aug-96 80 < 50 <0.5 <05 <05 <0.5 — NA
7 Dec-96 < 50 < 50 <05 <05 <0.5 <0.5 — NA
8 Feb-97 < 50 < 50 <05 <05 <05 <05 — NA
9 May-97 < 50 < 50 <0.5 <05 <0.5 <05 — NA
10 Aug-97 < 50 < 50 <0.5 <0.5 <05 <05 — NA
11 Dec-97 < 50 < 50 <05 <05 <05 <05 — NA
12 Feb-98 < 50 < 50 <0.5 <0.5 <05 <0.5 -— NA
13 Sep-98 < 50 <50 <05 <0.5 <05 <05 — <2
Groundwater monitoring in this well discontinued with ACDEH approval

NA = Not Analyzed for this constituent

Lab-sum

STELLAR ENVIRONMENTAL SOLUTIONS




TABLE A.3
HISTORICAL SURFACE WATER ANALYTICAL RESULTS
REDWOOD REGIONAL PARK SERVICE YARD, OAKLAND, CALIFORNIA

(all concentrations in pg/L, equivalent to parts per billion [ppb])

Sampling Location SW-1 (Upstream)
Event | Date TPH-G | TPH-D | Benzene Toluene Ethylbenzene Total Xylenes Total BTEX MTBE
1 Feb-94 50 <80 <05 <0.5 <0.5 <0.5 — NA
2 May-95 < 50 < 50 <0.5 <0.5 <0.5 <0.5 — NA
3 May-96 < 50 < 50 <05 <05 <0.5 <0.5 — NA
4 Aug-96 < 50 < 50 <05 <05 <0.5 <05 — NA
5 Dec-96 < 50 < 50 <05 <05 <0.5 <05 — NA
6 Feb-97 <50 <50 <05 <0.5 <0.5 <0.5 — NA
7 Aug-97 < 50 < 50 <0.5 <0.5 <0.5 <05 — NA
8 Dec-97 < 50 < 50 <0.5 <0.5 <0.5 <0.5 — NA
9 Feb-98 < 50 < 50 <0.5 <05 <05 <0.5 — NA
10 Sep-98 < 50 <50 <05 <0.5 <05 <05 — <2
11 Apr-99 <50 <50 <05 <05 <05 <05 — <2

NS = Not Sampled

NA = Not Analyzed for this constituent

Lab-sum STELLAR ENVIRONMENTAL SOLUTIONS
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TABLE A.3 {continued)
Sampling Location SW-2 (Area of Contaminated Groundwater Discharge)
Event | Date TPH-G | TPH-D | Benzene | Toluene | Ethylbenzene | Total Xylenes | Total BTEX MTBE

1 Feb-94| 130 <50| 1.9 <05 4.4 3.2 9.5 NA
2 May-95 < 50 < 50 <05 <05 <05 <0.5 — NA
3 Aug-95 < 50 < 50 <05 <0.5 <0.5 <0.5 — NA
4 May-96 < 50 < 50 <0.5 <05 <05 <05 — NA
5 Aug-96 200 < 50 7.5 <05 5.4 <05 12.9 NA
6 Dec-96 < 50 < 50 <05 <05 <05 <05 — NA
7 Feb-97 < 50 < 50 <05 <05 <05 <0.5 — NA
8 Aug-97 350 130 13 0.89 19 10.7 43.6 NA
9 Dec-97 < 50 < 50 <05 <05 <05 <05 — NA
10 Feb-98 < 50 < 50 <05 <05 <0.5 <05 — NA
11 Sep-98 < 50 <50 <05 <05 <05 <05 — <2
12 Apr-99 81 <50 2.0 <05 25 13 5.8 2.3

NS = Not Sampled
NA = Not Analyzed for this constituent

Lab-sum STELLAR ENVIRONMENTAL SOLUTIONS




TABLE A.3 (continued)

Sampling_; Location SW-3 (Downstream)
Event | Date TPH-G | TPH-D | Benzene | Toluene | Ethylbenzene | Total Xylenes | Total BTEX MTEE
1 May-95 < 50 < 50 <0.5 <05 <05 <05 — NA
2 Aug-95 < 50 < 50 <05 <0.5 <0.5 <0.5 — NA
3 May-96 < 50 74 <05 <05 <0.5 <0.5 — NA
4 Aug-96 69 < 50 <05 <05 <05 <05 — NA
5 Dec-96 <50 < 50 <05 <05 <05 <05 — NA
6 Feb-97 < 50 < 50 <0.5 <0.5 <05 <0.5 — NA
7 Aug-97 < 50 < 50 <05 <0.5 <05 <0.5 — NA
8 Dec-97 < 50 < 50 <05 <05 <0.5 <0.5 — NA
9 Feb-88 < 50 < 50 <0.5 <0.5 <0.5 <0.5 — NA
10 Sep-98 < 50 <50 <05 <05 <05 <05 — <2
11 Apr-99 < 50 <50 <05 <05 <05 <05 — <2

NS = Not Sampled
NA = Not Analyzed for this constituent

Lab-sum STELLAR ENVIRONMENTAL SOLUTIONS
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Historical Ground Water Analytical Results: Well MW-4
TPH-gasoline
100,000 Redwood Regional Park Service Yard, Oakland, California
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Historical Ground Water Analytical Results: Well MW-4
TPH-diesel
1,000 Redwood Regional Park Service Yard, Oakland, California
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Historical Ground Water Analytical Results: Well MW-4

Redwood Regional Park Service Yard, Oakland, California
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Historical Ground Water Analytical Resuits: Well MW-4

Toluene
100 Redwood Regional Park Service Yard, Oakland, California
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Historical Ground Water Analytical Results: Well MW-4
Ethylbenzene

1,000 Redwood Regional Park Service Yard, Oakland, California
100 -
-)
o
2
g
]
Z
c
3
I 10 4+--
£
[
]
£
[
[
%]
c
[+]
(]
1
0 : : : : : | : : i
Mar-94 Sep-94 Apr-85 Oct-95 May-96 Dec-96 Jun-97 Jan-98 Jul-98 Feb-99 Aug-99

Redwood Regional Park Servics Yard, Oakland, California



Historical Ground Water Analytical Results: Well MW-4

Total Xylenes
1,000 Redwood Regional Park Service Yard, Oakland, California
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(2} A total ailowable catch, reflecting the long-term yield each species is capable of sus-
taining, using the best available science and bearing in mind the ecologicat importance of the
species and the variability of marine ecosystems.

(3) A permanent reduction in harvest.

{c) Funding to prepare the recovery and management plan and any planning and scoping
meetings shall be derived from the fees coilected for the abalone stamp.

{d) On or hefore Fanuary 1, 2008, and following the adoption of the recovery and manage-
ment plan by the commission, the departiment may apply to the conwmission lo reopen spart
or commercial fishing in all or any portion of the waters described in Seetion 5521. I the
commission makes a finding that the resource can support additional harvest activities and
that these activities are consistent with the abalane recovery plan, all or a portion of the wa-
ters described in Section 5521 may be reopened and management measures prescribed and
implemented, as appropriate. The commission may close or, where appropriate. may estab-
lish no-take marine refuges in any area opened pursuant to this section if it makes a finding
that this action is necessary to comply with the abalone management plan.

{2} If the commission determines that commercial fishing is an appropriate management
measure, priority for participation in the fishery shall be given to those persons who held a
commercial abalone permit during the 1996-97 permit year.

(Added by Statutes 1997 Chap 787}

CHAPTER 2. POLLUTION

Article 1. General

5650, Pollute Waters; Hazardous Svhstances List

(8) Except as provided in subdivisien (b), it is unlawful to deposit in, permit to pass into, or
place where it can pass into the waters of this state any of the following:

(1) Any petroleum, acid, coal or oil tar, tampblack, aniline, asphalt, bitumen, or residuary
product of petroleum, or carbonaceous maierial or substance.

{2) Any refuse, liguid or solid, from any refinery, gas house, tannery. distillery, chemical
works; mill, or factory of any kind.

{3 Any sawdust, shavings, slabs, or edgings.

{4) Any facloty refuse, lime, ot slag.

(5) Any cocculus indicus.

(6) Any substance or material deleterious to fish, plant life, or bird Yife.

{b) This section does not apply to a discharge or a retease that is expressly authorized pur-
suant to ***_and in compliance with, the terms and conditions of a waste discharge require-
ment pursuant to Section 13263 pfthe Water Code or a waiver issued pursuant g subdivision
() of Section 13269 of the Water Codg issued by the State Water Resources Control Board
oraregional water quality controlt board after a public hearing, or that is expressly authorized
pursuant to, and in compliance with, the terms conditions of a federat permit *** lor which
the Siate Water Resources Control Board or a regional water quality control board has, after
a public hearing, issued a water quality certification pursuant to Section 13160 of the Waler
Ceode. This section does not confer additional authority on the State Water Respurces Con-
trol Board, a regional waler quality control board, or any other entity.

{c) Itshall be an affirmative defense to a violation of this section ifthe defendant proves, by
a preponderance of the evidence, all of the following:

(1} The defendant complied with all applicable state and federal laws and regulations re-
quiring that the discharge or release be reported o a government agency.

{2) The substance or material did not enter the waters of the state or a storm drain that dis-
charges into the waters of the state.

ﬁ
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(3) The defendant took reasonable and appropriate measures to effectively miligate the
discharge or release in 2 timely manner.

{d) The affirmative defense *** in subdivision (c) *** does not apply and may not be
raised in an action for civil penalties or injunctive relief pursuant to Section 5650.1.

(e) Theaffirmative defense in subdivision (c) does not apply and may not be raised by any
defendant who has on twe prior pecasions jn the preceding five years, in any combination
within the same county in which the case is prosecuted, gither pleaded nolo contendere, been
convicted of a violation of this section, or suffered a judgment for a violation of this section
or Scction 3650.1. This subdivision shall apply oaly to cases filed on or afier January 1,
1997,

{f} The affirmative defense in subdivision {c) does not apply and may not be raised by the
defendant in any case in which a district attorney, city altorney, or Attorney General alleges,
and the court finds, that the defendant acted witlfully,

(Amended Statutes 1997 Chap. 766}

5650.1. Water Pollution - Civil Penalties

(2} Every person wha violates Section 5650 is subject to a civil penalty of not more than
twenty-five thousand dollars ($25,000) for each violation.

(b} The civil penally imposed for each separate violation pursuant to this section is sepa-
rate. and in addition to, any other civil penalty imposed for a separate violation pursuvant to
this section or any other provision of law.

{c} In determining the amount of any civil penalty imposed pursuant to this section, the
courl shall take into consideration all relevant circumstances, including, but not limited to,
the nature, circumstance, extent, and gravity of the violation. In making this determination,
the court shall consider the degree of toxicity and volume of the discharge, the extent of harm
caused by the violation, whether the effects of the violation may be reversed or mitigated,
and with respect to the defendant, the ability to pay, the effect of any civil penalty on the abil-
ity to continue in business, any voluntary cleanup efforts undertaken, any prior history of
violations, the gravity of the behavior, the economic benefiy, if any, resutting from the viola-
tion, and any other matters the court determines justice may require.

(d} Every civil action brought under this section shall be brought by the Attorney General
upon complaint by the department, or by the district attomey or city attorney in the name of
the peoplc of the State of California, and any actions relating to the same violation may be
joined or consolidated.

{e) Tn any civil action brought pursuant to this chapter in which a temporary restraining or-
der, preliminary injunction, or permanent injunction is sought, it is not necessary to allege or
prove at any stage of the proceeding that irreparable damage will occur if the temporary re-
straining order, preliminary injunction, or permanent injunction is not issued, or that the
remedy at law is :

inadequate.

(f) After the party seeking the injunction has met its burden of proof, the court shall deter-
mine whether to issue a temporary resiraining order, preliminary injunction, or perranent
injunction without requiring the defendant to prove that it will suffer grave or irreparable
harm. The court shall make the determination whether (o issue a temporary resiraining order,
prelifninary injunction, or permanent injunction by taking into consideration, among other
things, the nature, citcumstance, extent, and gravity of the violation, the quantity and charac-
teristics of the substance or material involved, the extent of environmental harm caused by
the violation, measures taken by the defendant to remedy the violation, the relative likeli-
hood that the material or substance involved may pass into waters of the state, and the harm
likely to be caused to the defendant.

{g) The court, to the maximum extent possible, shail tailor any temporary restraining or-
der, preliminary injunction, or permanent injunction narrowly to address the violation in a
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CALIFORNIA DEPARTMENT OF FISH AND GAME WATER POLLUTION CONTROL LABQRATORY
AQUATIC BIOASSESSMENT LABORATORY REVISION DATE - MARCH, 1996

CALIFORNIA STREAM BIOASSESSMENT PROCEDURE
(HABITAT ASSESSMENT AND BIOLOGICAL SAMPLING)

The California Stream Bioassessment Procedure (CSBP) is a standardized protocol for

- assessing physical and biological conditions of wadable streams in California. There

are twa companion documents for this procedure: "California Stream Bicassessment
Procedure (Macroinvertebrate Laboratory and Data Analyses}” and "California Stream
Bioassessment Procedure (Fieid and Laboratory Quality Assurance/Controll”. The
CSBP is a regional adaptation of the national Rapid Bicassessment Protocols described
in "Rapid Bioassessment Protocols for use in Streams and Rivers: Benthic
Macroinvertebrates and Fish” (EPA 444/4-89-001).

This document describes procedures for habitat assessment and biological sampling
of wadable streams using benthic macroinvertebrates. Developing aguatic
bioassessment techniques for California is an iterative process; contact the Caiifornia
Department of Fish and Game's Water Poilution Control Laboratory (WPCL) at {918)
368-2858, e-mail: jharr@sna.com or visit the California Aquatic Bioassessment Web
Site {http://www.dfg.ca.gov/cabw/cabwhome.htmi) for the most current version of the
CE8P.

MONITORING STRATEGIES

The CSBF can be used to detect aquatic impacts from point and nen-point souwrce
pollution and for biological assessment of ambient water quality. This fieid sampling
procedure was designed for collecting benthic macroinvertebrates from individual riffles
chosen as part of an appropriately designed monitoring program. The CSBP may not
be appropriate for all aquatic monitoering programs - contact WPCL for advice on proper
application of the CSBP. The following bioassessment strategies can be employed for:

Point Sources of Pollution - There will be discernabie perturbations, impacting
structures or discharges into the stream with point sources of pollution. The affected
section of stream and an upstream unaffected section should be surveved for riffles
having relatively similar gradient, substrate and physical/habitat condition. Each riffle
becomes a potential sampling site for benthic macroinvertebrates. At least one riffle
in the unaffected section shouid be sampled as a control. One or more riffles should
be sampled in the affected section depending on the amount of detail that is required
on downstream recovery. At |least three sampies should be collected at each riffle
depending on the necessary level of statistical accuracy required for the project.

Non-point Seurces of Pollution - There will be no obvious perturbations or discharges
into the stream with non-point sources of pollution. The stream or stream section of
interest should be surveyed for similar riffles, and then at least three riffles should be

N-1




chosen at random for collecting benthic macroinvertebrates. Only one sample from
the upstream third of the riffle is necessary as long as the riffles are chosen randomiy.
However, collecting three or more samples as described in the point source protocol
will provide additional statistical information and accuracy. The number of riffles
sampied depends on the homogeneity of the stream or stream section and necessary
level of statistical accuracy required for the project. A reference stream or condition
is recommended for assessing possibie impacts from non-paint source pollution. A
reference stream or stream section must be similar in physical/habitat condition and
be within the same ecoregion or watershed as the impacted site. Historicai data or

expert consensus- on biclogical and physical condition could be substituted if a
reference stream is unavailabie.

- Ambient Water Quality Conditions - Biclogical assessment of ambient water quality for
a stream or stream section provides base-line information on biclogical conditions,
aquatic species composition and natural community variability, This information can
be used to establish reference streams and reference conditions and to develop
Biological Criteria as outlined by the U.S. Environmental Protection Agency in
"Biological Criteria: National Program Guidance for Surface Waters” {EPA 440Q/5-90-
004). Biological assessment for ambient water quality should be conducted seasonally
{spring and/or fall} and continued on a regular basis to establish historic data and
provide a management tool to detect possible changes in water quality. The
monitoring strategy can be similar to that described for both point and non-peint
source pollution with riffles being chosen from similar reaches and/or located above

and below areas of particular interest {e.g., suspected impact, physical/habitat
structure, hydrologic zones, etc.). :

EQUIPMENT AND SUPPLIES

D-shaped kick net {0.5mm maesh) Thermometer
Wide-mouth plastic or glass jars Forceps
White enameled pan 295% ethanol
Watershed topographic.map Penci

Measuring Tape (100 meter)

Standard size 35 (0.5 mm} testing sieve Water-proof paper
California Stream Bioassessment Workshest (CSBW)
WPCL Chain of Custody Form (COC)

PROCEDURES
Biological Sampling

1. The project supervisor should conduct a reconnaissance survey of the stream or
strearn section to determine appropriate sample reaches. The ides: sampling reach is
a riffle at least 10 meters long with a homogenous gravel/cobble substrate and swift
water velocity. Howaever, ideal situations rarely exist. In choosing sampling reaches,
emphasis should be placed on homaogenous reaches that are wadabie and best
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CALIFORNIA DEPARTMENT OF FISH AND GAME WATER POLLUTION CONTROL LABORATORY
AQUATIC BIQASSESSMENT LABORATORY REVISION DATE - MARCH. 1996

resemble a riffle or run condition. Follow the monitoring strategies outlined in this
document or contact the WPCL for advice on selecting individual riffles for collecting
benthic macroinvertebrates.

CAUTION: Avoid walking in stream when conducting a reconnaissance survey. Each
riffle used for biological assessment must be approached from downstream and no
portion of the riffle disturbed until all sampling is complete. Habitat assessment shouid
be conducted after macroinvertebrates have been collected.

2, Fill out a CSBW for each riffle section. Enter watershed name, sampie identification
number, date, time and names of crew members. Locate the site on the watershed
topographic map using the sampie identification number and enter GPS coordinates,
if possible. '

3. To select a transect, place the measuring tape along the bank of the entire riffle
section. Each meter (3 ft) mark represents a possible transect location. Select a
transect from all possible meter marks along the measuring tape using the table of
random numbers. If only one transect is to be sampled, then select one meter mark
in the top one-third of the riffle. To select a random number, place a finger on the page
with eyes closed. From that number, go down the columns looking at the first two
digits (for up ta 99 transect numbers) until a usable number(s) is selected. Record the
meter mark on the CSBW for each transect.

4, Once a transect is randomly selected, the objective is to collect benthic
macroinvertebrates from several iocations along the transect and combine them into
one sample. If possible, choose three locations: the two side margins and the center
of the stream. |f the riffle is not ideal, then make adjustments to accommodate
prevailing conditions. When making adjustments, such as increasing or reducing the
number of locations for collecting organisms or sampling substrate that is not
gravel/cobbie, try to sample similar conditions at each reach.

5. Starting from the downstream transect, collect macroinvertebrates by placing the
D-shaped kick-net on the substrate and disturbing a one by two foot section of
substrate upstream of the kick-net to approximately 4-6 inches in depth, Pick-up and -
scrub large rocks by hand under water in front of the net. Maintain a consistent
sampling effort (approximately 1-3 minutes) at each site. Combine the three
collections within the kick-net. Measure and record stream temperature.

6. Place the contents of the kick-net in a standard size 35 (0.5 mm) testing siave,
Remove large organic material by hand while carefully inspecting for clinging
organisms. Using the forceps, piace ail remaining material in the 95% ethano! filled
jar. When there is considerable debris in the net, the white enameled pan is useful for
inspecting the sampie. However, rinse material from the pan through the sieve before
placing it in the jar.




7. Using a pencil, write the following information on a piece of water-proof paper and
place in the jar: sample identification number followed by -01, -02 (to identify each
transect sampied from a riffled), watershed name, date and sampier’s initiais.

Habitat Assessment

The habitat assessment portion of this procedure should be used if a more
comprehensive physical assessment is not planned. Habitat assessments can be used
without biological sampling, but whenever biclogical sampling occurs, there must be
a habitat assessment conducted for every riffle sampied.

8. Conduct a rapid assessment of physical conditions for an entire stream reach using

the habitat parameters (last two pages of the CSBW) as described while waiking in an
upstream direction from the bottom to the top of the stream reach. The score should
reflect the average conditions for the entire stream reach. Record habitat parameter
scares on the cover page of a separate CSBW and make comments on any habitat
impairments not covered by the habitat parameters.

9. For biclogical sampling, habitat parameters 1 through 3 should be used to evaluate
the average condition along the transacts sampled for henthic macroinvertebrates.
Habitat parameters 4 through 7 shouid be used to assess conditions for a larger area
upstream of the riffle section. Habitat parameters 8 through 10 should be used to
assess each bank immediately upstream of the riffle section. Record habitat parameter
scores on the cover page of each CSBW used for biological sampling.

Sample Handling, Storage and Transfer

10. At the end of the field day, record the following information on a COC for each (or
group of) biological sampies: program name; watershed name; field ID numbers:

sampiing dates; and name, address, telephone number and signature of one of the
crew members collecting the sample.

11. Verification samples and COCs must remain in a locked sample depository until a
decision has been made to send them to a bicassessment |laboratory for processing.

12. When transporting to a bioassessment |aboratory, each {or group of] sample must
be accompanied by a COC. Upon delivery, a Bioassessment Laboratory Number will
be assigned to each sample. Record this number on the COC and each individual
CSBW along with the name and address of the bioassessment laboratory. When ail
verification sampies listed on the COC are accounted for, then the individual delivering
the samples will sign the "Released By" portion and the laboratory personnel will sign
the "Received By" portion of the COC. The original COC will remain at the laboratory
and a copy will be retained by the project supervisor.
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CALIFORNIA DEPARTMENT OF FISH AND GAME WATER POLLUTION CONTROL LABORATORY
AQUATIC BIOASSESSMENT LABORATORY REVISION DATE - MARCH, 1996

CALIFORNIA STREAM BIOASSESSMENT PROCEDURE
FIELD WORKSHEET

WATERSHED: DATE:
SAMPLE ID: | TIME:
CREW MEMBERS: HABITAT ASSESSMENT
PARAMETERS

1. INSTREAM COVER:

WATER TEMP: 2. EPIFAUNAL SUBSTRATE:
RIFFLE LENGTH: _ 3. EMBEDOEDNESS:
TRANSECT 1:
TRANSECT 2: 4. CHANNEL ALTERATION:
TRANSECT 3:

' 5. SEDIMENT DEPOSITION:
GPS COORDINATES

LONG: ' 6. RIFFLE FREQUENCY:
LAT: :
7. CHANNEL FLOW:
“

8. BANK VEGETATION: L: R

BIOASSESSMENT LABORATORY 8. BANK STABILITY: L: R:
INFORMATION
. 10. RIPARIAN ZONE: L: . . R:
Bicassessment Laboratory Number:
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CALIFORNIA DEPARTMENT OF FISH AND GAME WATER POLLUTION CONTROL LABORATORY
AQUATIC BIOASSESSMENT LABORATORY REVISION DATE - MARCH, 1996
DATE: ) SAMPLE ID; .
Habl=zt Camgory
Parameter . Optmail Suboptmai Marginal Paar

Greatar than 50% mix 30-50% mix of stable 10-30% mix of stable Less than 10% mix of
1. instream Cover of snags, submerged habitat adequate habitat | habitat habitat stable habitat; lack of
(Fish) logs, undercut banks, or | far maintenance of availability less than habitat is abvious.

qther stabla habitat popuiations. desiratie.
ScoRe 20 3191 BRI T4 1812 B 43

Weli-developed riffle Riffla is as wide as . Run area may be Rittles or runs virtually
2. Epifaunal and run; riffle is as stream but length is lacking; riffle not as nonexistent; large
Substrate wide as stream and less than twa times wide as stream and its | bouiders and bedrock
length extends two width; abundance of tangth is less than 2 prevalent; cobble
times the width of cobbie; bouiders and times the stream {acking.
stream; abundance of { gravel commaon. width; gravel or large
cabbie. boulders and bedrogk
prevalent; some cobbie
present.

SCORE —_— (20 19 18 17 184 t5 14 13 12 11-|¢ 9 . &8 7 6 g 4 3.2 .0

: Gravel, cobble, and Gravei, cobbie, and Gravel, cotble, and Gravel, cobhle, and

3. Embeddadness | boulder particies are boulder particlas are boutder particles are bouider particles ara
0-25% surrounded by | 25-50% surrounded by | 50-75% surrounded by | more than 75%
fine sediment, fine sediment. fine sediment. surrounded by fine

| sediment.
P T o S UL- SRS : B S - RS v =GR S

17-16 | 15 "14 13 12 7%

20019

Channelization or

1&g

Banks shored with

Same channelization New ambankments

4. Channel dradging absent ar present, usually in prasant on both banks; | gabion or cement;
Altaration minimal; stream with | areas of bridge and 40 to 80% of aver 80% of the
normal, sinuous abutments; evidence of | stream reach stream reach
pattern. past channelization, channeiized andg channelized and
i.e., dredging, lgreater | disrupted. disrupted.

than past 20 yr} may
be present, but recent
channetization is not

present.
SCORE —— 520079 18 17.1684{ 18 /14 13.12 11 102 8 7 8 g 4 3 2t
Little or no Sorma new increase in Moderate deposition of | Heavy depasits of fine
5. Sadiment enlargement of tar formation, moastly new gravel, coarse material, increased bar
Depositian istands ar point bars fram coarse gravet; sand on oid and new deveiopmeni; maore
and less than 5% of | 5-30% af the bottom bars; 30-50% of the than 5Q0% ol the
the bottomn affectad affected; slight bottom affected; baottom changing
by sediment deposition in podais. sagiment deposits at frequently; aools
deposition. gbsuuction, almost absent due 10
constriction, and { substantial sediment
bends: modearate deposition.
depasition of pools
prevaient.

SCORE  ——— 20 18 18 17 16} 18 14 13 12 11 1 2 8 7 & § 4 3 2 10
WW*
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CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LABORATORY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE - MARCH, 1996

Habitat
Parameter

Category

Opdmal

Suboptimai

Mamginal

Poor

6. Frequancy of
Riffles

SCORE

7. Channel Flow
Status

SCORE

8. Bank
Vegetative
Protaction (score
each bank)

Note: determine
ieft or right side

by facing
downstream.
SCORE (LB}
SCORE (RB)

9. Bank Stability
{scoré aach bank}

Occurrence of riffles
reiatively frequent;
distance between
ritfies divided by the
width of the stream
equais 5 to 7; variety

Deccurrance of riffles
infrequent; distance
between ritfles divided
by the width of the
stream aquals 7 to 15,

Qccasional riffle or
bend; bottom contours
provide some nabitat;
distance between
riffies divided by the
‘width of the stream is
between 15 to 25.

Generally all flat water
or shaliow rifflas; poor
habitat; distance
netween riffles divided
by the width of the
stream is between
ratio >25.

of hahitat.
:1201:19:

Water resches base
of both lower banks
and minimal amount
of channel substrate
is exposed. .

RS

i ¥ 25
Water fills >75% of
the available channet;
or <25% of channel

substrate is exposed.

40,9 B8 7 6

Water fills 26-75% of
the available channel
and/or riffle substrates
are mostly exposed.

5:= 4 3 2 1 0

Very little water in
channel and mostly
present as standing
pools.

1320 119518, 477 160

More than 90% of
the streambank
surfaces covered oy
native vegetation,
including trees,
understory shrubs, or
nonwoody

j macrophytes;

vegatative disruption,

' through grazing or

CAB T4 130 A28

70-90% of the
streambank surfaces

' coverad by native
vegetation, but one
class of plants is not
well-represented;
disruption evident but
not affecting full plant
growth potential to any
great extent; more

A0:..8: 8. 7. &

50-70% of the
streambank surfaces
coverad by vegetation;
disruption obvigus;
patches af bare soil or
ciosely cropped
vegetation common;
less than one-haif of
the potential plant
stubble height

5 4.3 2-1 0

Less than 50% of the
streambank surfaces
covargd by
vagetation; disruption
of streambank
vegetation is very
high; vegetation has
oeen remaved 1o

2 inches or less in
average stubbie

Banks stable; no
evidence of erosion or
bank failure; little

Moderately stabis;
infrequent, small areas
ot erosion mostly

mowing, minimai or than one-hatf of the remaining. haight.

not evident; almost ali | potential plant stubbie

plants allowed to height remaining.

grow naturally.

LeftBank. 10 9:| -8 S [+ 5 4 3 2 1 0
‘Right'Bank 10 9.}...8, LT 6 5 - 4 3 2 1 0

Moderately unstable;
up to 60% of banks in
‘reach have areas of

Unstable; many
eroded areas; "raw”
areas frequent aiong

Vagatative Zone
Width {score each
bank riparian zgne)

activities [i.e., parking
lots, roadbeds, clear-
cuts, lawns, or crops)
have not impacted
zone.

activities have
impacted zane oniy
minimally.

potential for futura healed over. erasion; high erosion straight sections and
problems. potential during floods. | bends: obvious bank
sloughing; 60-100%
of bank has erosional
scars.
SCORE {LB} Left Bank 10 9 8 7 G 5 4 3 2 1 [+
SCORE (RB) Right Bankk 10 9 8 7 G 5 4 3 2 o1 Q
Width of riparian zone | Width of riparian zone | Width of riparian zene | Width of riparian zone
10. Riparian "> 18 meters; hurman 12-18 meters; human 6-12 meters; human <& meters: little or ng

activities have
impacted zone a great
deal.

riparian vegetation due
to human activities,

SCORE iLB] | Left Bank 10 9 5 4 3 2 1 a
SCORE - (RB} | Right Bank 10 9 8 7 & [ 3 3 2 1 0
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STATE OF CALIFORNIA

DEPARTMENT OF FISH AND GAME

FISH AND WILDLIFE WATER POLLUTION CONTROL LABORATORY
l 2005 NIMBUS ROAD

GRAY DAVIS, Governor

RANCHQ CORDOVA, CA 935670
(916) 358-2858

May 20, 1999

Bruce Rucker

Stellar Environmental Solutions
2110 Sixth Street

Berkeley, CA 94710

DFG’s Water Pollution Control Laboratory conducts biological and physical/habitat assessments
throughout California as part of watershed based surveys, in response to pollution spill events, to
evaluate water quality problems and as part of special biological studies. Some of these .

bioassessment are conducted specifically as DFG projects and other are performed as a laboratory
service for other state and federal water resource agencies. :

The enclosed report is for a project which was conducted by our staff as a laboratory service, but
payed for through the Chico State Research Foundation. This partnership between DFG and the

Foundation helps to alleviate administrative burden for the state and provide a more efficient means
of facilitating clients with smaller projects.

gy Series report-firRedwood Croek ac and: foiind:the work to be

angd, {}F(,} mdmanent. Please contact me if you have any questions or
& contefit of this report.

taff Water Quality Biologist

I incerely,










INTRODUCTION

In February 1999, the California Department of Fish and Game’s Aquatic Bioassessmert
Laboratory (ABL) was contracted by Stellar Environmental Solutions to assess the impact of
groundwater flow from an underground petroleum storage tank on the invertebrate riffle
community in Redwood Creek within Redwood Regional Park, Alameda County. Although the
storage tank was removed several years ago, low concentration petrochemical groundwater
discharge continues to enter Redwood Creek. DFG’s Region III water quality biologist has

requested that the stream invertebrate community be monitored to assess the impact of the
discharge to Redwood Creek.

The California Stream Bioassessment Procedure (CSBP), developed by the California
Department of Fish and Game (DFG), was used to evaluate the benthic macroinvertebrate
communities in Redwood Creek (Harrington 1996). The CSBP is a regional adaptation of the
U.S. Environmental Protection Agency (EPA) Rapid Bioassessment Protocols (Plafkin et al.
1989) and is recognized by the EPA as California’s standardized bioassessment procedure (Davis
et al. 1996).

The CSBP is a cost effective tool which ufilizes mﬁggm;@&?f tbe stream’s benthie.
macroinvertebrate (BMI) community and its physical/ habitat stracture, BMIs can have a
diverse community structure with individual species residing within the stream for a period of
months to several years. They are also sensitive, in varying degrees, to temperature, dissolved
oxygen, sedimentation, scouring, nutrient enrichment and chemical and organic pollution (Resh
and Jackson 1993). Together, biological and physical assessments integrate the effects of water
quality over time, are sensitive to multiple aspects of water and habitat quality, and provide the
public with more familiar expressions of ecological health (Gibson 1996).

*+ This report presents results from samples collected on 2 April 1999.

MATERIALS AND METHODS

Monitoring Reach Descriptions

Monitoring reach descriptions are summarized in Table 1. The two uppermost riffles and the
downstream riffle (RC-U1, RC-U2 and RC-D1) were similar in gradient and substrate types.
The area sampled within the gronndwater dtschargx;mne hag a steeper gradient and much lese
. available h: fofmacmmvmebtmm the Hitier three sites. Despite the differences in

habitat type, this was the best macroinvertebrate habitat present within the area of influence of
the groundwater discharge.

Benthic Macroinverte 3l

BMIs were sampled on 2 April 1999 from four riffles in Rcdwood Creek within the boundaries
of Redwood Regional Park.

Riffle length was determined for each riffle and a random number table was used to establish a
point randomly along the upstream third of the riffle from which a transect was established




ll

Table 1. Benthic macroinvertebrate sampling location information for reaches sampled within
Redwood Creek.

Strear Name Location Description Site ID Latitude/ Longitade

Redwood Creck 300 Meters Upstream of Groundwater | o0 N37°48' 13.0", W122° 08 39.0"
Discharge Zone

Redwood Creek 200 Meters L.Ipsl:ream of Groundwater RC-U2 N37°48' 13.0", W122° 08' 39.0"
Discharge Zone

3 Meters Downstream of Contaminated
Redwood Creek Groundwater Discharge Zone, Below RC-GZ N37°48' 13.0", W122° 08' 39.0"
Fish Ladder

Redwood Creek 50 Meters Downstream of Groundwater |\ 1) N37°48' 13.0", W122° 08' 39.0"

Discharge Zone

perpendicular to the stream flow. Starting with the transect at the lowermost riffle, the benthos
within a 2 ft? area was disturbed upstream of a 1 ft wide, 0.5 mm mesh D-frame kick-net.

Sampling of the benthos was performed manuaily by rubbing cobble and boulder substrates in
front of the net followed by “kicking” the upper layers of substrate to dislodge any invertebrates
remaining in the substrates. The duration of sampling ranged from 60-120 seconds, depending
on the amount of boulder and cobble-sized substrates that required rubbing by hand; more and
larger substrates required more time to process. Three locations representing the habitats along
the transect were sampled and combined into a composite sample (representing a six fi? area).
This composite sample was transferred into a 500 ml wide-mouth plastic jar containing

approximately 200 ml of 95% ethanol. This technique was repeated for each of three riffles in
each reach.

Physical Habitat Quality Assessment

Physical habitat quality was assessed for the monitoring reaches using U.S. Environmental
Protection Agency (EPA) Rapid Bioassessment Protocols (RBPs) (Plafkin ef al. 1989). Habitat
quality assessments were recorded for each monitoring reach during each sampling event.

Photographs were taken within each of the monitoring reaches to document overall riffle
condition at the time of sampling.

BMI Laboratory Analysis

At the laboratory, each sample was rinsed through a No. 35 standard testing sieve (0.5 mm brass
mesh) and transferred into a tray marked with twenty, 25 cm? grids. All detritus was removed
from one randomly selected grid at a time and placed in a petri dish for inspection under a
stereomicroscope. All invertebrates from the grid were separated from the surrounding detritus
and transferred to vials containing 70% ethanol and 5% glycerol. This process was continued
until 300 organisms were removed from each sample. The material left from the processed grids
was transferred into a jar with 70% ethanol and labeled as “remnant” material. Any remaining

2




unprocessed sample from the tray was transferred back to the original sample container with 70%
ethanol and archived. Macroinvertebrates were then identified to a standard taxonomic level,
typically genus level for insects and order or class for non-insects using standard taxonomic keys
(Brown 1972, Edmunds et al. 1976, Klemm 1985, Merritt and Cummins 1995, Pennak 1989,
Stewart and Stark 1993, Surdick 1985, Thorp and Covich 1991, Usinger 1963, Wiederholm
1983, 1986, Wiggins 1996, Wold 1974).

Data Anal
A taxonomic list of benthic macroinvertebrates identified from the samples was entered into a
Microsoft Excel® spreadsheet program. Excel® was used to calculate and summarize

macroinvertebrate community based metric values. A description of the metric values used to
describe the community is shown in Table 2.

Quality Assessment/ Quality Control

Standard laboratory quality assessment procedures were applied to the BMI samples. Ten
percent of remnant samples were re-picked to assess complete sorting of material. A voucher
collection of all taxa was verified by the ABL laboratory director.

RESULTS

Dominant BMI Taxa/ General Taxonomi tes
The five dominant taxa observed in each of the monitoring reaches are presented in Table 3. A
complete list of macroinvertebrates identified from the samples is presented in Appendix 1.

- Sy Ak 3L e :"a-a‘a;‘r;.‘.g‘.u '?,1,!-: 8 ﬁmgl}!’ﬁmﬂm \r?_;"L ]
’& eﬁlﬁm«mﬁm were very few non-insect taxa presefit 4t MY
i sites.
Benthic invertebrate Community Metrics

BMI metric values are presented by transect in Table 4 and summarized by reach mean and
coefficient of variation in Table 5.

Richness

BMI richness metrics were comparable among the three main riffles (RC-U1, RC-U2 and RC-
D1), averaging 18-22 taxa per replicate and 13-16 EPT taxa per replicate. Faxenomic richpess
and BPT. taxonomic richness was about half as high within the groundwater discharge zone




Table 2. Bioassessment metrics used to describe characteristics of the benthic macroinvertebrate
(BMI) community at sampling reaches within Redwood Creek, Alameda Co., California.

BMI Metric Description Response to
Impairment

Richness Measures

Taxa Richness Total number of individual taxa - decrease

EPT Taxa Number of taxa in the Ephemeroptera (mayfly), Plecoptera (stonefly) decrease
and Trichoptera (caddisfly) insect orders

Composition Measures

EPT Index Percent composition of mayfly, stonefly and caddisfly larvae decrease

Sensitive EPT Index Percent composition of mayfly, stonefly and caddisfly larvae with decrease
tolerance values between 0 and 3

Shannon General measure of sample diversity that incorporates richness and decrease
Diversity Index evenness (Shannon and Weaver 1963)

Tolerance/Intolerance Measures

Tolerance Value Value between 0 and 10 weighted for abundance of individuals increase
designated as pollution tolerant (higher values) or intolerant (lower
values)
Percent Dominant Percent composition of the single most abundant taxon increase
Taxon
Percent Intolerant Percent of organisms in sample that are highly intolerant to decrease
Organisms impairment as indicated by a tolerance value of 0, 1 or 2
Percent Tolerant Percent of organisms in sample that are highly tolerant to impairment increase
Organisms as indicated by a tolerance value of 8, 9 or 10

Functional Feeding Groups (FFG)

Percent Collectors (c) | Percent of macrobenthos that collect or gather fine particulate matter increase
Percent Filterers (f) Percent of macrobenthos that filter fine particulate matter increase
Percent Grazers (g) Percent of macrobenthos that graze upon periphyton variable
Percent Predators (p) Percent of macrobenthos that feed on other organisms variable
Percent Shredders (s) | Percent of macrobenthos that shreds coarse particulate matter decrease
Abundance
Estimated Abundance | Estimated number of macroinvertebrates in sample caiculated by variable
extrapolating from the proportion of organisms counted in the
subsample




Table 3. Dominant macroinvertebrate taxa (and their percent contribution) by reach from
samples collected from sites within Redwood Creek.

Dominant Taxa I
Sample Location
1 2 3 4 5 .
300 Meters Baertis Orthocladiinae Osobenus Stenonema Lepidostoma I
Upstream of (68) {4 (4) 3 3
Groundwater
Discharge Zone l
200 Meters Baetis Orthocladiinae Isoperla Osobenus Paraleptophlebia
Upstream of (66) (12) 4 (3) 2
Groundwater
Discharge Zone
Groundwater Baetis Oligochasta Isoperla Osobenus Drunella
Discharge Zone (7)) 4) 4) (3 (2)
(RC-GZ)
50 Meters Baetis Orthocladiinae Osobenus Oligochaeta Mualenka
Downstream of (65) &) (5) (3) (3
Groundwater
Discharge Zone
(RC-D1}




Table 4. Bioassessment metrics calculated for macroinvertebrate samples collected on 2 April 1999 from riffles in Redwood Creek, Alameda
Co., California. ' :
Redwood Creek
300 Meters Upstream 200 Meters Upstream 3 Meters Downstream 50 Meters Downstream
of Contaminated of Contaminated of Contaminated of Contaminated
Site: Discharge Discharge Discharge Discharge

Transect Number: T1 T2 T3 Tt T2 T3 T1 T2 T3 T1 T2 T3

ABL Laboratory Number: 3069 3070 3071 3066 3067 3068 3063 3064 3065 3060 3061 3062
Taxonomic Richness 18 1B 19 20 23 23 15 10 8 21 25 19
Percent Dominant Taxon 65 67 63 73 72 68 68 69 55 69 60 73
EPT Taxa 14 14 14 14 I6 17 13 5 5 13 15 11

EPT Index (%) 8 94 92 o1 91 94 92 84 62 92 84 88

Sensitive EPT Index (%) 22 23 23 14 13 22 22 15 5 21 21 13
Percent Hydropsychidae 0 0 0 1 0 0 0 0 0 0 1 0
Percent Baetidae 66 71 64 74 73 69 68 69 55 70 61 75

Shannon Diversity 1.5 1.5 1.6 1.3 1.4 1.5 L4 1.2 1.2 1.5 1.8 1.3
Tolerance Value 4.2 4.2 4.2 4.7 4.6 4.2 4.2 4.4 4.8 4.2 4.4 4.6

Percent Intolerant Taxa (0-2) 22 23 23 14 I3 2 22 15 5 21 20 12
Percent Tolerant Taxa (8-10) 1 1 1 6 4 3 0 0 0 2 5 2
Percent Collectors 75 76 73 82 83 75 78 78 87 77 73 33
Percent Filterers 0 0 0 2 0 1 0 5 2 0 1 ¢
Percent Grazers 11 9 4 3 2 12 6 6 4 3 8 4

Percent Predators 9 11 17 1 11 11 9 8 2 11 14 10
Percent Shredders 5 5 6 2 3 2 8 3 5 9 4 2

Abundance (#/ sample) 282 218 230 272 335 1426 162 87 55 360 224 247
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Table 5. Means and coefficients of variation (CV) for bioassessment metrics calculated from samples collected on 2 April 1999 from Redwood
Creek, Alameda Co., California. '

Redwood Creek
300 Meters Upstream of 200 Meters Upstream of 3 Meters Downstream of 50 Meters Downstream of
Contaminated Discharge Contaminated Discharge Contaminated Discharge Contaminated Discharge
Mean CV Mean Cv Mean CV Mean CV
Taxonomic Richness 18 3 22 8 11 33 22 14
Percent Dominant Taxon 65 3 Eh 4 o4 13 &7 10
EPT Taxa 14 0 16 10 8 60 13 15
EPT Index (%) 92 3 92 2 79 20 88 5
Sensitive EPT Index (%) 23 2 16 32 14 59 18 27
Percent Hydropsychidae 0 - 1 127 0 - 0 173
Percent Baetidae 67 3 72 4 64 13 68 i0
Shannon Diversity 1.5 4 1.4 8 L3 7 1.5 18
Tolerance Value 4.2 1 45 6 45 7 4.4 5
Percent Intolerant Taxa (0-2) 23 3 16 K} | 14 58 18 27
Percent Tolerant Taxa {8-10) 1 10 4 29 : 0 - 3 &7
Percent Collectors 75 2 80 6 81 7 78 7
Percent Filterers 0 - 1 79 2 108 1 125
Percent Grazers 8 42 6 102 5 24 5 46
Percent Predators 12 34 11 4 6 61 12 22
Percent Shredders 5 i4 2 36 6 41 5 68
Abundance (#/ sample) 243 14 677 96 101 54 277 26
7




Composition Measures
The Percent Dominant Taxa metric wag very high at all sites, due to the exireme abyndance of the:
miayfly Boetis sp. whﬁxma&aup 6éto 71 percent 0¥ the oriiianss 5 shok

extreme abundance of Baetis, Shannon Dwers1ty values were low at all sﬂes ra.ngmg ﬁ'om 1.3 to0
1.5. Thamagontyofﬂmd&vmsnywasm ed. ; 3 beda

found m. Redwaad Crcck

Tolerance Measures

Tolerance measures indicated communities that were only moderately tolerant to disturbance, but
these metrics were driven largely by the abundance of Baetis (tolerance value 5). Average
tolerance values ranged between 4.2 to 4.5. When Baetis was removed from the analysis, the

remaining communities were primarily composed of intolerant taxa; these intolerant taxa were
responsible for two thirds of the remaining diversity.

Functional Feeding Groups

All of the FFGs were present within Redwood Creek, but filter-feeding organisms were
encountered only rarely in a few sites (Table 5). Although the extreme abundance of Baetis was
the dominant feature of the commu:ruty, the remaining taxa are representative of a typical first-

order forested stream system. (3¢ actid collectors, predators and shredders are roughly
equally abundant and filterer$

Abundance :

Mean abundance of organisms was moderate to low at all sites, ranging between 100 organisms/
sample within the groundwater discharge zone and 700 organisms/ sample at 200 meters

upstream of the discharge zone. Abwidance of organiems within the discharge mne.was roughly --

& third as high as in the other riffles.

Physical Habitat Assessment
Physical habitat quality scores are summarized in Table 6. Photographs of the reaches are shown
in Appendix 2.

All riffles scored in the “good” range of the physical habitat measures, none of the sites had
notable impaired physical habitat. The upstream riffles had very similar substrates to the
downstream riffle, but had slightly lower gradlent and were more affected by sedlment than the
downstream riffle. The: sampling area within theigflu 5 20 A saharoe ygs
congiderahly less sujtablo for macsi : ety £
mmpnﬁe subsirat%’ was nmch lower than it wals in the other nfﬂw The distribution of su1table
cobble and gravel was limited to small pockets in deposmonal areas behind large boulders.

lity Assessment/ Quality Control
All quality assurance measures indicate that all laboratory analyses were performed within
acceptable error limits. All QA/ QC data are available upon request from the ABL.




1
Table 6. Physical habitat quality scores for sampling reaches within Redwood Creek. Scores for .
each habitat parameter range from 0 (poor) to 20 (excellent). '

|

Redwood Creek  April 1999 l

Habitat Parameter ,

RC-Ut { RC-U2 | RC-GZ | RC-D1 l

1. Instream Cover 10 5 15 11 l
2. Embeddedness 12 5 12 10

> e peme B ERE I
4. Sediment Deposition 12 9 12 12

5. Channel Flow 14 16 17 18 l

6. Channel Alteration 20 20 20 20 l

7. Riffle Frequency 13 18 18 16 |

8. Bank Vegetation 9 8 12 16 I
9. Bank Stability 12 12 15 17

10. Riparian Zone 7 12 10 14 .

TOTAL 125 | 112 147 146 |

Physical Condition good good good good I

I

i

|

I

’ |

-




Lk

Conclusions/ Summary

Thgse data provide ne.evidence af my mﬂuame of gmundwater discharge from the excavated

starage tanlgonthe o nitis @¥the seaches ¢ Radwood Cresk

" that were sampled for this report. The BMI commumtles collected in April 1999 are indicative

of normal conditions after spring flows. Several bioassessment metrics have lower values in
samples collected in the vicinity of the contaminated groundwater discharge zone. However, this

is probably a result of lower habitat availability in this region and not impact from the plume
itself.

The extreme abundance of the mirmow mayfly, Baetis, had a strong impact on many of the
bioassessment metrics, obscuring the otherwise well-balanced community. The dominant effect

of Baetis was most likely an artifact of the spring sampling season in which early colomzers like
Baetis can dominate rlfﬂe commumtws dad at

10




LITERATURE CITED

Barbour, M.T., J. Gerritsen, B.D. Snyder and J.B, Stribling. 1997. Revision to rapid
bioassessment protocols for use in stream and rivers: periphyton, benthic
macroinvertebrates and fish. EPA 841-D-97-002. U.S. Environmental Protection Agency.
Washington DC.

Baumann, R.W., A.R. Gaufin and R.R. Surdick. 1977. The Stoneflies (Plecoptera) of the Rocky
Mountains. American Entomological Society, Philadelphia, PA.

Brown, H.P. 1972. Aquatic Dryopoid Beetles (Coleoptera) of the United States. U.S.
Environmental Protection Agency Project, # 18050 ELD. Washington D.C.

Clifford, H.F. 1991. Aquatic invertebrates of Alberta. The University of Alberta, Calgary,
Alberta.

Davis, W. 5., B. D. Syder, I. B. Stribling and C. Stoughton. 1996. Summary of state biclogic¢al
assessment program for streams and wadeable rivers. EPA 230-R-96-007. U.S.

Environmental Protection Agency; Office of Policy, Planning and Evaluation:
Washington, DC.

Davis, W. S. and T.P. Simons, eds. 1995. Biological Assessment and Criteria: Tools for
Resource Planning and Decision Making. Lewis Publishers. Boca Raton, FL.

Department of Fish and Game (DFG). 1998. An Index of Biological Integrity for Russian River

First to Third Order Tributary Streams, A Water Quality Inventory Report. Water
Pollution Control Laboratory, Rancho Cordova, CA.

Gibson, G. R. 1996. Biological Criteria: Technical guidance for streams and small rivers. EPA

822-B-96-001. U.S. Environmental Protection Agency, Office of Water, Washington,
D.C.

Harrington, J. M. 1996. California stream bioassessment procedures. California Department of
Fish and Game, Water Pollution Control Laboratory. Rancho Cordova, CA.

Hilsenhoff, W. L. 1987. An improved biotic index of organic stream pollution. Great Lakes
Entomologist 20: 31-39.

Johnson, R. K., T. Wiederholm, and D. M. Rosenberg. 1993. Freshwater biomonitoring using
individual organisms, populations and species assemblages of benthic
macroinvertebrates. In: Rosenberg, D. M. and V. H. Resh (editors). 1993. Freshwater
Biomonitoring and Benthic Macroinvertebrates, Chapman and Hall, New York, NY.

Karr, J. R. and E. W. Chu. 1999. Restoring Life in Running Waters -- Better Biological
Monitoring. Island Press, Covelo, CA

11




Klemm, D.J. 1985. A guide to the freshwater Annelida (Polychaeta, Naidid and Tubificid

Oligochaeta, and Hirudinea of North America. Kendall/Hunt Publishing Co., Dubuque,
Iowa.

Merritt, R. W. and K. W. Cummins. 1995. An introduction to the aquatic insects of North
America. Second Edition. Kendall/Hunt Publishing Co., Dubuque, Iowa

Newcombe, C. P. and D. D. McDonald. 1991, Effects of suspended sediments on aquatic
ecosystems. North American Journal of Fisheries Management 111: 73-82.

Pennak, R. W. 1989, Freshwater invertebrates of the United States, 3 Ed. John Wiley and
Sons, Inc., New York,

Plafkin, J. L., M. T. Barbour, K. D. Porter, S. K. Gross, and R. M. Hughes. 1989. Rapid

bioassessment protocols for use in streams and rivers: benthic macroinvertebrates and
fish. EPA 444/4-89-001, U.S. Environmental Protection Agency, Washington, D.C.

Resh, V. H. and J. K. Jackson. 1993. Rapid assessment approaches to biomonitoring using

benthic macroinvertebrates. In: D. M. Rosenberg and V. H. Resh, eds., Chapman and
Hall, New York.

Rosenberg, D. M. and V. H. Resh (eds). 1993. Freshwater biomonitoring and benthic
macroinvertebrates. Chapman and Hall, New York.

Stewart, K. W. and B. P. Stark. 1993. Nymphs of North American stonefly genera (Plecoptera).
University of North Texas Press, Denton, Texas.

Surdick, R.F. 1985. Nearctic Genera of Chloroperlinae (Plecoptera: Chloroperlidae).
University of Illinois Press. Chicago, IL.

Thorp, I. H. and A. P. Covich (eds.). 1991. Ecology and classification of North American
invertebrates. Academic Press, San Diego, CA.

Usinger, R. L. Aquatic Insects of California. University of California Press. Berkeley, Ca.

Waters, T. F. 1995. Sediment in streams: sources, biological effects and control. American
Fisheries Society Monograph 7.

Wiederholm, T. 1983. Chironomidae of the Holarctic region - Part 1. Larvae. Entomologica
Scandinavica, Supplement No. 19. Sandby, Sweden.

. 1986. Chironomidae of the Holarctic region - Part 2. Pupae. Entomologica
Scandinavica, Supplement No.28. Sandby, Sweden.

12




Wiggins, G. B. 1996. Larva of North American caddisfly genera (Trichoptera), 2™ ed.
University of Toronto Press, Toronto.

Wold, J. L. 1974. Systematics of the genus Rhyacophila (Trichoptera: Rhyacophilidae) in.
western North America with special reference to the immature stages. Master of Science
Thesis. Oregon State University, Corvallis, OR.

13

.~
,l\




APPENDIX 1

Taxonomic list of benthic macroinvertebrates identified from samples collected
on 2 April 1999 from monitoring reaches within Redwood Creek




Redwood Creek

300 Metets Upstream 200 Meters Upstream 3 Meters Downstream 30 Meters Downstream I
of Contaminated of Contaminated of Contamminated of Contaminated
Site: Discharge Discharge Discharge Discharge
Transect Number: T1 T2 T3 Tl T 713 T ™ T3 Tl T2 T3
ABL Labsratory Number: 3065 3070 3071 066 3067 3068 3063 3064 3055 3060 3061 2062
PHYLUM ARTHROPODA TV FFG
Class Insecta
(olepplera (Adules)

Dytiscidae l

Nebrioporus sp./Stictotarsus sp. 5 p - - 1 - R . - - - - - -
Colcopiers (Larvae)

Thmidae ;
Narpus sp. 4 c - - - - P - - - - R - 2 i
Optiaservus sp. 4 g - . - 1 - - - - - 2 1 I

Diptera

(Canacidae - - - - - - N . . 1 . -

Ceratopogonidae l
Probezzia sp. § P 5 3 6 - 2 - - - « 2 4 4 g

Chironemidae

Chirgnominae

Chirenomini & c - - . . - - 2 - - - - R

Tanytarsini 6 f - - 2 - 3 - 1 - - 1 - :
Orthocladitnae 5 o 23 3 9 2 4 1 11 8 17 10 12 13
Tanypedinae 6 P i - - - - - - - - - . 1

Phoridae ’ - - - - . - - - - 1 - -

Simuliidae 6 f - - - - - - - i 1 - - '

Stratiomyidae
Caloparyphus sp. 7 c - . “ - - - - - . . 1 -

Tipulidae .
Dicranota sp. 3 p - - - . 1 - - - - - - - )
Hexatoma sp. 2 p - - - 2 - 1 - - - - - - '
Limania sp. 6 [ - - - - - - - - 3 - - R
Molophilus sp. 3 5 - . . R 1 R - 1 . . .

Rhabdomastix sp. 3 09 - - - 1 5 - - - - - - -

Cordulegastridae

Cordulegaster dorsalis L] P - - - - - - - . - - 1 -
Enheneroptera

Ameletidac i
Amelefus sp. [ E 10 8 6 2 2 24 3 - i 3 3 4

Baetidae
Baetis sp. 5 ¢ 184 146 144 1% 211 201 169 60 30 209 137 182
Diphetor sp. 5 ¢ 2 $ 3 3 4 3 - - - 3 1 3 '

Ephemeretlidae ]
Drunella sp. 0 g 2 k! E - L ] 1 5 - 3 2 1

Heptageniidae
Cinyvgrula sp. 4 g 1 - 2 1 1 3 - - - - - -

Ironodes sp. 4 g 1 - - - - - - - - - l
Stenonema sp. 2 g 16 7 1 3 1 7 4 - 1 2 3 4

Leptophlebidas

Paraleptophiebia sp. 4 ¢ - 2 9 4 12 5 3 - 1 & 3 2
Plecoptera l

Capnidae
Litacapnia sp. 1 8 - - 1 - - - 1 - - - - -

Chloropetlidae
Sweltsz sp. 1 - - 1 - 2 3 - - - 4 1 . '

Leuctridae
Despaxia qugusia O s - - - - 1 - - - - . - -

Nemouridae
Malenka sp. 2 3 5 2 7 1 5 2 - 2 - 10 3 3

Perlidae
Calineuria californica 1 hi] - 1 - t - 1 - - . - - -

Perlodidae
Isaperla sp. 2 p 6 [ It 10 13 9 5 - - - 7 -

Kogotus sp. 2 1 1 3 i 1 2 1 - - 3 3 -
Osabenus yakimae 2 p 9 9 16 12 3 7 7 5 - 15 10 ?

Taeniopterygidas

Taenionema sp. 2 g - 2 - . - - - - - . - -




Redwood Creek

l 300 Meters Upstream 200 Meters Upstream 3 Meters Downstream 50 Meters Downstrearn
of Contaminated of Contminated of Contaminated of Contaminated
Siter Discharge Discharge Discharge Discharge
Transect Number; Tt T2 T3 Tl T2 T3 T1 T2 T3 T1 T2 T3
ABL Laboratory Number: 3069 3070 3071 3066 3067 3068 3063 3064 3065 3060 3061 3062
Trichoptera
Hydropsychidae
l Hydropsyche sp. 4 f - - - 4 1 - - - - - 2 -
Lepidosttmaridae
Lepidostoma sp. 1 s 10 3 & 5 k 2 10 - - 3 5 3
Odeatoceridae
: Parthina sp. 4 8 - - - - . 1 2 - - 11 - -
' Rhyacophilidae
Rhyacophila sp. 0 p 3 3 - 2 4 5 1 1 1 7 2 [
Uenoidae
Neophylax sp. R L - - . - 1 L - - - 4 1
l Class Arachnoidea
Acar
Hygrobatidae 5 P - . - - - 2 - . - - 1 3
' Sperchontidae 5 r - - - . - - - 1 - 1 1 -
Class Malacostraca
Amphipoda
Gammaridae
' Gammarus sp. 4 c - 1 1 - - - - - - - -
PHYLUM NEMATODA 5 p - . . 2 - - _ . - 3 L
PHYLUM PLATYHELMINTHES
Cilass Turbellariz
l Triclagia
Planariidae 4 p . - - - - L - - - . - -
) PHYLUM ANNELIDA
Class OHgochaeta 3 < 3 2 2 16 12 10 - - - 5 12 5
Total Organisms* 283 218 230 a7z 293 95 161 87 55 304 228 248
*Tatal Organisens will deviate from 300 when sarple contains Jess than 300 organisms and/or when organigms are discarded in taxonomic identification (see ABAL, Laboratory Procedures).
. Total Qrganisms Recovered 281 218 230 272 253 205 162 37 55 315 224 247
Taotal Extra Organisms 0 0 ¢ 0 [t 2 [\] & ¢ 43 0 0
Organisims Picked {includes extras) 283 223 235 274 300 300 160 a3 56 343 235 248
Grids Processed 6 4 3 3 7 3 4 4 2 8 4 12
Total Grids Possible & 4 3 8 3 24 4 4 2 4 4 12
Sorted 285 213 231 27 294 136 160 87 35 205 234 243
Discards 0 t 0 a 1 3 Q 1 k 1 1 0
Abundance (#/ sampie) 282 218 230 272 335 1426 162 87 53 60 224 247




APPENDIX 2

Photographs of monitoring reaches
within Redwood Creek in on 2 April 1999
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WELL GAUGING DATA

project#__ 110400 0-]  pu b )99 Clieat _Shel ks Enpwments]
L {oluHons
Site Rt:a\w“ocn\ R‘lﬁ\"“"‘q‘ P WK Gitwee Yaf d ol
Thickness | Voiume of
Weldl Depth to of Tmumiscibles Survey
Size Sheen/ |Immiscible{ Immiscible; Removed |Depth to water] Depth to well { Point: TOB
Well D | (in) Odar  |Liquid (ft){Liquid (f)4  (mi) - {f) bottom (fL) | or TOC
M- L H e | Nove M PN | 9,751 18 1 Tog
Mw-) O Mee | /0 /960 36 1
ww | H e | [ L[ 18es | 43
)
Mw-d | H | ol \ \ ) 1251 ¢ db
Mw-S P H § none / / ( 1530 b
e M e | VYTV a7 e
Sw-| D.o—» $.6
SW-3 D.0 —> 0.2
Sw-—3 D.O —» <. 2.

|




WELL MONITORING DATA SHEET

Project #: 7?0 Gob -1 Client:  SAo /. r Envivomients/ <0/ itymes
Sampler:  S{l Start Date: Y - (99
Well LD.:  JJ. | Well Diameter: 2 3 (9) 6 8
Total Well Depth: /€ _ or— Depth to Water: O, 735"
Before: After: Before: After:
Depth to Free Product: ‘ Thickness of Free Product (feet): R
Referenced to: A0 Grade D.0. Meter (if req'd): YSI . - -HACH-
Purge Method: Bailer Sampling Method: Bailer
Disposable Bailer
Middleburg Extraction Port
Electric Submersible ‘ Other:
Extraction Pump
Other: Well Diameter__Muitiplier __ Well Diamewr __vhulfipher
— > 0.16 5" 1.02

—— (Gals)X B Gals. i" 2-22 gther 1:11:5 *0.163
1 Case Voiume Specified Volumes Caiculated Volume : -

Time |Temp(°F)| pH Cond. Turbidity Gals. Removed Observations

Fe oS Lrm

]

1% 1 4/s | 2.0 | 200 2.0 — ND 0.0 Ha

Mo | prred|

Did well dewater? Yes @ (Gallons actually evacuated: —

Sampling Time: 914 Sampling Date: 4/ I;Z 19

Sample 1.D.: /7/[ L~ Laboratory: —

Analyzed for: FPEG—BFEX—MFBE—T2un  Other: Metule | su ) Ats

Equipment Blank 1.D.; @ Time Duplicate 1.D.: |

Analyzed for: TPH-G BTEX MTBE TPY-D Other: yan =N

D.O. (if req'd); Pre-purge: 1L, Post-purge: 1‘0\ a3

ORP (if req'd): Pre-purge:

. mV Post-purge: k '1,0 ) mV

/1
\
—




WELL MONITORING DATA SHEET

Project#: 9 9p(/p b b/ Client:  Stelht Eyuionmenn! Solfions
Sampler: ﬂ Start Date: 4lu/19
Well LD.: MW~Q Well Diameter: 2 ‘ 3 @ 6 -
Total Well Depth: 34 Depth to Water: {9, b0
Before: After: Before: After:
Depth to Free Product: : . Thickness of Free Product (feet):
Referenced to: (VO Grde  |D.O. Meter (if rea'd): YSI . _ HACH
Purge Method: ;—aﬂer Sampling Method: Bailer

Disposable Bailer

Middlebur Extraction Port
{ Electric Submersibie ) Cther:

Extraction Pump

Other: Well Diameter _ Multivlier _ Wei] Dizmerer _Multiplier
0. (Gais.) X 3 - 3 l g Gals. i gég o :Zi 1
1 Case Volume Specified Volumes __ Calcuiated Volume o 063 Other radus 7 0.163
Time |Temp(°F)| pH Cond. Turbidity | Gals. Removed Observations
oo | S4.9| 4.3~ Yoo 2200 /] Clondon
[[le$| 60.5| 6-% 9o 22 22 h,;,,‘-i
i | S8\ 6-F g@c? 7200 ) Fercoss  Dron
| 0.0 i
po
Did well dewater? Yes @) Gallons actuaily evacuated: =<7
Sampling Time:  ||}15 Sampling Date:  4/}/99
Sample 1.D.: m Vel Laboratory: | .
Analyzed for: @ O @ PH-D Other: Nibtahe + Sy f {c?ﬁle
Equipment Blank L.D.: @ Time Duplicate 1.D.:
Analyzed for: TPH-G BTEX MTBE TPH-D Other:
D.O. (if req'd): Pre-purge: \/ " Postourger| .3 "
ORP (if req'd): Pre-purge: / \ mV Postpurgef — |SB mVv
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WELL MONITORING DATA SHEET

Project #: ?40 Yol A

Client:  Slellet Envionment] Solutions

Sampler: ﬁ

Start Date: ‘1][,[?7

Well LD.: s 2,

Well Diameter: 2 3

@ 6 3

Total Well Depth: HJ' Depth to Water: | &, b8
Before: After: Before: _ After:
Depth to Free Product: Thickness of Free Product (feet):
Referenced to: @ Grade D.O. Meter (if req'd): ¥Sl . . . HACH
Purge Method: Bailer Sampling Method: Baiier
Disposable Bailer (Dlsposable Bailer
Middleburg Exaraction Port
Electric Submersible Other:
Extraction Pump
Other: Well Diameter _Multintier __ Well Diameter _ Multiphier
. 2" Q.16 3" 1.02
(Galsy)x = Gl ) 07 ¢ S
1 Case Volume Specified Voiumes Caiculated Volume 0.65 Other radius” * 0.163
Time |Temp(°F)| pH Cond. Turbidity | Gals. Removed Observations
FZ(' o5 r o~
¥
Vds [ Loy | 2] | [ove 20 002
Ao Focqe &
4 u ’

Did well dewater? Yes No

—

(Gallons actuaily evacuated:

Sami;uling Time: { 7L

Sampling Date: "f/ l,/ 99

Sample .D.:

/ M/ Laboratory: —
Analyzed for: ~PH=6w =" . MFBE- Other:  mrhrwie , Su/bote
Equipment Blank 1.D.: € ..  Duplicate [D:
Analyzed for: TPH-G BTEX MTBE TPu-D Other: / \4}
D.O. (if req'd): Pre-purge: 'J'm?’/L Post-purge: / { :?\ mg
ORP (if req'd): Pre-purge: mv|  Postpuge| \ 5%/ mv

S
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WELL MONITORING DATA SHEET ™~

10 59

Sample LD.:  /H- (/ Laboratory:

Analyzed for: @ (BTEX) @@ Other: N ke + Syifate

Sampiing Time: Sampling Date:

4619

Equipment Blank L.D.: e DUphcate LD Mw-~oa
Analyzed for: TrH- . .

|D.O. (ifreq'd): Pre-purge: \/ " Post-purge: 3 . '?"' "
ORP (if req'd): Pre-purge: / \ mV Pocst-purge: o 6 3 mV{

l Project#: 9404, K-/ Client:  S¥elles- Envionment | S'a[u}:onj
| Sampler: ﬂ Start Date: 11/ b /q7
§ Feuip:  mw-H Well Diameter: 2 3 (%) 6

Total Well Depth:  Ji Depth to Water: {15
' Before: After: Before: After:
l Depth to Free Product: Thickness of Free Product (feet):

Referenced to: ﬁ\?éj Grade D.Q. Meter (if req'd): YSI . . . HACH
l Purge Method: Bailer Sampling Method: Bailer

Disposable Bailer
Middleburg Extraction Port
l Electric Submersible COther:
Extraction Pump
' Other: Well Diameter Multiplier__Wel] Diameter _ Multiplies
2 6 " .
87 cuyx 3 26-/ .|| om & L
' 1 Case Volume Specified Volumes  Caiculated Voiume M 063 Othec radius” * 0.163
Time | Temp (°F) pH Cond. Turbidity Gals. Removed Observations

D o] 685 | 22 | 2o . 7
l (03¢ 623| 2-3 9 00— Zo /8 odo

[o:372]| 625 | P32 | fomr 3O 27 oy coows Tron
l L0 ..
l Did well dewater? Ves @ Gallons actually evacuated: =y 52~




WELL MONITORING DATA SHEET

Project#: §904p § Y/ Client:  $Yellac Enpiowmerh! Soldions
Sampler: '\SR Start Date: '1/5/3'7
Well ID.: /- 5 Well Diameter: 2 3 (3) 6 8
Total Well Depth: MY i"_)epth to Water: 5, a0
Before: After: Before: After:
Depth to Free Product: Thickness of Free Product (feet):
Referenced to: /P)a? Grade D.O. Meter (if req'd): YSI . . HACH -
Purge Method: Bailer Sampling Method: Bailer
Disposable Bailer Eisposable Bajler ™
Middleburg Exaraction Port
Electric Submersible Other:
Extraction Pump
Other: Well Diameter _Muitiplier _ Weil Diameter _ Multiphier
2" 0.16 5" .02
(Gals) X N _ T G 3 0.37 & a7 )

1 Case Volume Specified Volumes Calculated Volume v 065 Other . radius” * 0.163

Time |Temp (°F) pH Cond. Turbidity Gals. Removed Observations

Furrous Trpm
(000 59.9 | &9 | /foor [0 0.02 m,
¥ U

Did well dewater? Yes No Gallons actually evacuated: ——
Sampling Time:  /0/ op Sampling Date: 4/l /99
Sample LD..  /MW- ¢ Laboratory: —
Analyzed for: TRH-6—RTEX MIBE__TpH-p— Qther: Sullals o Arnfaie
Equipment Blank I1.D.: e i Duplicate 1.D.:
Analyzed for: TPH.G BTEX MTBE TPH-D Other:
D.O. (if req'd): Pre-purge: ‘ng/ L Post-purge: / . S \ "h
ORP (if req'd): Pre-purge: mV Post-purge: ké' q/ mV

ps———y




i WELL MONITORING DATA SHEET
Project #: 7 ‘?9 Yoo Z-/ Client:  Syellat Envroament]| fofuf:ﬂ"j
,,-—"
l Sampler: ™ £ Start Date: ‘;’/ A /?7
g [FelID: M6 Well Diameter: 2 3 (&) 6 3
Total Well Depth:  alp' Depth to Water: | 372
' Before: After: Before: After:
l Depth to Free Product: Thickness of Free Product (feet):
Referenced to: ﬁﬁa Grade D.0. Meter (if req'd): YSI . HacH
—
' Purge Method: Bailer Sampling Method: Bailer
Disposabie Bailer
Middleburg Extraction Port
l Electric Submersible Other:
Extraction Pump
l Other: Well Diarmeter _ Multiplier ____Well Diameter __ Multiplier
— _— %: Q.16 5: 1.02
o e A T
. 1 Case Volume Specified Volumes  Calcuiated Voiwne : er s e
Time |Temp(°F)| pH Cond. Turbidity | Gals. Removed Observations
. Fercows  Tran
f:is | 2.9 £2-| /2o ) 2 R 0. 0Y ma
| Ay Large 35'{ Clpechin
l / 74 -~
l Did well dewater? Yes No Gallons actually evacuated:
l Sampling Time: /0 /S Sampling Date: 4/ bj‘l‘f '
Sample .D.: /ﬁ fore é Laboratory: ~——
l Analyzed for: -#PH-or—B3EX—MIBE—FHP  Other: MiFonle & Su/blate
l Equipment Blank 1.D.: @ Time Duplicate 1.D.:
Analyzed for: TPH-G BTEX MTBE TPH-D Other:
l D.O. (if req'd): Pre-purge:y ) ). it Post-purge: e
. ORP (if req'd): Pre-purge: 3_3 mV Post-purge: mV
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Curtis & Tompkins, Ltd., anaivtical Laboratories, Since 1878
2323 Fifth Street, Berkeley, CA 94710, Phone (510) 486-0900, Fax (510) 486-0532

ANALYTICAL. REPORT

Prepared for: . 5

‘Stellar Environmental-Solutions
2110 e6th Street
Berkeley, CA 94710

Date: 15-APR-99
Lab Job Number: 138787
Project ID: N/A
Location: Redwood Reg. Park

Reviewed by:

Reviewed by:

This package may be reproduced only in its entirety.




Cb Curtis & Tompkins, Lid.

Laboratory Number: 138787 Receipt Date: 04/06/99
Client: Stellar Environmental Solutions
Project Name: Redwood Reg. Park

CASE NARRATIVE

This hardcopy data package contains sample results and batch QC results for ten water
samples received from the above referenced project. All samples were received cold
and intact.

Total Volatile Hydrocarbons: The bromofluorobenzene surrogate recovery for
sample MW-4 (138787-004) was outside acceptance limits due to matrix interference.

The surrogate recovery has been flagged. No other analytical problems were
encountered.

BTXE: No analytical problems were encountered.
Total Extractable Hydrocarbons:  No analytical problems were encountered.

General Chemistry:  No analytical problems were encountered.
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c Curtis écaTgoémqki%sf Ltij.

TVHsfotal_Volatile Hydrocarbons

t;i
|
|

Client: Stellar Environmental Solutions Analysis Method: EPA B015M

Location: Redwood Reg. Park Prep Method: EPA 5030
| ]
| Sample # Client ID Batch #  Sampled  Extracted  Analyzed Moisture |
] 3
| =1
[ 138787-002 MW-2 47277 04/06/99  (4/07/99 04/07/99 |
| 138787-004 MW-4 47277 04/06/99 04/08/99% 04/08/99 |
| 138787-007 MW-0A 47277 04/06/99  04/08/99  04/08/99 |
| 138787-00B SW-1 47277 04/06/9%  04/07/99  04/07/95 |
[ 1

Matrix: Water

r

1
| 2nalyte Units 138787-002 138787-004 138787-007 138787-008 |
| Diln Fac: 1 1 1 1 |
- {
| Gasoline C7-C12 ug/L 82 2900 H 2600 H <50 |
| 1
| Surrogate |
| :
| Trifluocrotoluene ¥REC 106 i1z 109 110 i
| Bromofluorobenzene $REC 102 154 * 146 1086 |
L !

* Values cutside of QC limits
H: Heavier hydrocarbons than indicated standard




GCl9 TVH 'X' Data File (FID)

Lample Name : 138787-00Z,47277 Sample #: Page 1 of 1
FileName t GIAGCISADATANO97X008. raw Date : 4/7/9% 08:58 PM

ethod ¢ TVHBTXE Time of Injection: 4/7/9% 08:31 PM

tart Time < 0.00 min End Time : 26,80 min Low Point : 3.80 mv High Peint : 253.%0 mV
cale Factor: -1.0 Pict Cffset: 4 mV Plot Scale: 230.0 mv

Response [mV]
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GC1l9 TVH 'X' Data File (FID) '
Sample Name : 138787-004, 47277 Sample #: Page 1 of 1
FileMName : GrAGCI9\DATANCY?X015. raw Date : 4/8/99 12:58 AM
Method ¢ TVHBTXE Time of Injection: 4/8/%9 12:31 AM
Start Time : 0.00 min End Time 1 26.80 min Low Point : 4.25 mV High Point : 254.25 mv
Scale Factor: -1.0 Plot Cffset: 4 mV Plot Scale: 25C.0 mVv
Response [mV] '
— —_ — —. — Lo ] a2 o]
S & & 8 2 = 3 3 2 = S 3
. il ol T Tl it DD Do b
— +CB
= T 2.58
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GC1l9 TVH 'X' Data File (EID)

Sample Name : 138787-007,47277 Sample #: Fage 1 of 1
FileName © G:AGCL9\DRTANQ97X017.raw Date : 4/8/9% 02:18 AM
thod : TYHBTXE Time of Injection: 4/8/9% 01:51 AM
tart Time : 0.00 min End Time : 76,80 min Low Foint @ 4.33 mV High Peoint @ 254.33 mv
tale Factor: =-1.0 Plot Cffszet: 4 mV Plot Scale: 250.0 my

Respense [mV]
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":L Cuﬁhﬁgggnamg%ug.

TVH—TotaI:V§la¢ile Hydrocarbons

1
{
Client: Stellar Environmental Solutions Analysis Method: EPA BQ15M |
|
]

Location: Redwood Reg. Park Prep Method: EPA 5030
[ 1
| sample % Client ID Batch # Sampled Extracted Analyzed Moisture |
l ]
[ '
| 138787-009 SW-2 47277 04/06/99 04/07/99 04/07/99 |
| 138787-010 5W-3 47277 04/06/99 04/07/99 04/07/99 |
! J

Matrix: Water

| |
I Analyte Units 138787-009 138787-010 |
| piln Fac: 1 1 |
f |
| Gasoline C7-C12 ugiL 81 <50 |
F I
| Surrogate |
| i
| Trifluorotoluene 3REC 108 109 |
| Bromofluorobenzene %REC 106 106 |
L I




GC1S TVH 'X' Data File (FID)

ampie Name : 138787-009,47277 Samplie #: Page 1 of 1
FileName 1 GIAGCI9\DATAND9TX011, raw Date : 4/7/9% 10:18 PM

ethod : TVHABTAE Time of Injection: 4/7/99 09:51 PM

tart Time : 0.00 min End Time 1 26.B0 min Low Point : 4.G3 mv High Point : 254.02 mv
ale Factor: -1.0 Plot Offset: 4 my Plot Scale: 250.0 mv

-

Respanse [mV]
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Diln Fac: 1

Lab #: 138787 BATCH QC REPORT c Curtis B IpMRkigge Ligh
f R .I
| TVH-Total Volatile Hydrocarbons A
L PEPERIoy -
| -
| Client: Stellar Environmental Solutionsg Analysis Method: EPA 8015M i
| Location: Redwood Rey. Park Prep Method: EPA 5030 |
L ]
| . ) |
| METHOD BLANK |
. SR |
i |
| Matrix: Water Prep Data: 04/07/99 |
| Batch#: 47277 Analysis Date: 04/07/99 ]
| Units: ug/L |
| |
L ]

MB Lab ID: QU94663

I
| Analyte Result

!
| |
| =
| Gasoline C7-C12 <50 |
! !
I Surrogate tRec Recovery Limits |
— |
| Trifluorctoluene 102 53-150 |
| Bromcflucrobenzene 100 53-149 |
| ]




Lab #: 138787 BATCH QC REPORT c Curtis & lomikinsgLigh
TVH-Tetal Volatile Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA BQ15M

Location: Redwood Reg. Park Prep Method: EPA 5030

LARORATORY CONTROL SAMPLE

Matrix: Water Prep Date: 04/07/99
Batchi: 47277 Analysis Date: 04/07/99
Units: ug/L

-
|
|
1
|
|
{
!
|
|
1
|
|
l
I
|

LCS Lab ID: QC94661

I 1
| Analyte Result Spike Added %Rec # Limits |
| .
| Gasoline C7-C12 1708 2000 85 77-117 |
F ?
| Surrogate $Rec Limits ]
| |
! 1
| Trifluerotoluene 106 53-150 [
| Bromofluorobenzene 114 53-149 ]
| — i

# Column to be used to flag recovery and RPD values with an asterisk
* Values ocutside of QC limits
Spike Recovery: 0 out of 1 cutside limits




Data File (FID)

Sample Name : CCV/LCS,QC94661, 99WS7170,47277 Sample #: GAS Page 1 of 1 .
FileName : GAGCI9\DATANDITXO0L1 . raw Date : 4/7/99 12:33 PM
Method : TVHBTXE Time of Injection: 4/7/99 12:Q& PM
Start Time : 0.00 min End Time 1 26,80 min Low Point : 3.98 mv High Point @ 253.98 mv
Scale Factor: -1.0 Plot Offset: 4 mV Plot Scale: 250.C mVv .
Response [mV]
L l
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BTXE

Cb Curtis ﬁ%oének irasf Ltﬁj

I R
| A
|
| Client: Stellar Environmental Solutions Analysis Method: EPA 8021B |
| Location: Redwood Reg. Park Prep Method: EPAR 5030 |
i !
[ 1
| Ssample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
I 1
| 138787-002 MW-2 47277 04/06/99  04/07/99  04/07/99 |
| 138787-004 MW-4 47277 04/06/92  04/08/99  04/08/99 |
| 138787-007 MW-OA 47277 04/06/9%  04/08/9% 04/08/99 |
| 138787-008 SW-1 47277 04/06/9%  04/07/99 04/07/99 |
L 1
Matrix: Water

I |
| Analyte Units 138787-002 138787-004 138787-007 138787-008 |
| Diln Fac: 1 1 1 1 |
| |
I 1
| MTBE ug/L 7.5 32 29 <2 i
| Benzene ug/L 4.2 §1 50 <0.5 !
| Teluene ug/L <0.5 1.2C <0.5 <0.5 |
| Ethylbenzene ug/L 3.4 120 100 <0.5 |
| m,p-Xylenes ug/L 4 77 63 <0.5 |
| o-Xylene ug /1L, <0.5 2.4 2.8 <0.5 |
| I
| Surrogate

F {
| Trifluorotoluene %REC 95 104 101 99 |
| Bromofluorobenzene $REC a7 114 110 100 |
L. J
C: Pregence of this compound cenfirmed by second coclumn,

however, the confirmation concentration differed from the reported

result by more than a factor of two




c Curtis &L%maki%sf Ltﬁi

- BTXE

r ]
| l
, {
| Client:  Stellar Environmental Solutions Analysis Method: EPA B021B |
| Location: Redwood Reg. Park Prep Method: EPA 5030 |
1 i
7 ]
| sample # Client ID Batch # Sampled  Extracted Analyzed Moisture |
| |
| : |
| 138787-009% SW-2 47277 04/06/99  04/07/99 04/07/99 |
| 138787-010 SW-3 47277 04/06/99  04/07/99  04/07/99 ]
L I
Matrix: Water
l —
| Bnalyte Units 138787-009 138787-010 |
| Diln Fac: 1 1 |
% I
| MTBE ug /L 2.3 <2 '
| Benzene ug/ L 2 <0.5 |
| Toluene ug ;L <0.5 <0.5 |
| Ethylbenzene ug/L 2.5 <0.5 |
| m,p-Xylenes ug/L 1.3 <0.5 |
| o-Xylene ug/L <0.5 <0.5 |
} I
! Surrogate |
% i
| Trifluorotoluene $REC 100 99 |
| Bromofluorobenzene %REC 99 100 !
[ |




1

Lab #: 138787 BATCH QC REPORT Cb Curtis & TomakinggLig.

Diln Fac: 1

I

| BTXE |
| j
| Client: Stellar Environmental Solutions Analysis Method: EPA 8021B |
| Location: Redwood Reg. Park Prep Method: EPA 5030 |
. —
| METHOD BLANK |
| |
[ 1
| Matrix:  Water Prep Date: 04/07/99 |
| Batchi: 47277 Analysis Date: 04/07/99 |
| Units: ug/L |
| |
1 |

MB Lak ID: QC94663

1
| Analyte - Result |
- |
| MTBE <2.0 |
| Benzene <0.5 |
| Toluene <0.5 |
| Ethylbenzene <0.5 |
| m,p-Xylenes <0.5 |
| o-Xylene <0.5 |
| i
[ 1
| Surrogate $Rec Recovery Limits !
| 1
I 1
| Trifluorotoluene 92 51-143 i
| Bromofluorobenzene - 92 37-146 |
: |




Lab #: 138787 BATCH OC REPORT c Curtis g Tomikinse Ligh
U BTXE o

Client: Stellar Envirommental Solutions Analysis Method: EPA BO21B

Location: Redwood Reg. Park Prep Methed: EPA 5030

]
N
i |

1
|
I
J
L
.1
[}
|
|
|
|
i

LABORATORY CONTROL SAMPLE

Matrix: Water Prep Date: 04/07/99
Batch#: 47277 Analysis Date: 04/07/99
Units: ug/L

Diln Fac: 1

F—— T T ————

LCS Lab ID: QC9%4662

I 1
| Analyte Result Spike Added %Rec # Limits |
| |
[ 1
| MTBE 16.84 20 84 65-126 |
| Benzene 17.6 20 88 65-111 |
| Toluene 19.11 20 96 76-117 |
| Ethylbenzene 19.27 20 96 71-122 |
| m,p-Xylenes 40.23 40 101 80-123 |
| o-Xylene 19.08 20 85 75-127 i
i E
| Surrogate $Rec Limits |
t —
| Trifluorotoluene 91 51-143 |
| Bromofluorcbenzene 93 37-146 |
L. ]
# Column to be used to flag recovery and RPD values with an asterisk

*

Values outside of QU limits
Spike Recovery: 0 ocut of 6 cutside limits




Lab #: 138787 BATCH QC REPORT Cb Curtis & Tormpkings g

BTXE

Client: Stellar Environmental Solutions Analysis Method: EPA 8021B
Location: Redwood Reg. Park Prep Method: EPA 5030

Field ID: SwW-3 Sample Date: 04/06/99
Lab ID: 138787-010 Received Date: 04/06/99
Matrix: Water Prep Date: 04/07/99
Batch#: 47277 Analysis Date: 04/07/99
Units: ug/L

I
|

i

|

I

!

E

| B MATRIX SPIKE/MATRIX SPIKE DUPLICATE
| .

f

|

|

|

|

|

| Diln Fac: 1

L

|
|
|
|
|
|
|
|
|
|

MS Lab ID: QC94664

[ ]
| Analyte Spike Added Sample MS %Rec # Limits

| |
I |
| MTBE 20 <2 18.28 91 49-136 |
| Benzene 20 <0.5 18.77 94 55-122 |
| Toluene 20 <0.5 20.36 102 63-139 |
| Ethylkenzene 20 <0.5 20.51 103 61-137 |
! m,p-Xylenes 40 <0.5 42 .56 106 57-148 |
| o-Xylene 2¢ <0.5 20.11 101 70-141 |
| |
i 1
| Surregate $Rec Limits [
.L 2
| Trifluorotoluene 98 51-143 |
| Bromofluorobenzene 106 37-146 i
L |

MSD Lab ID: QC94665

[ i
| analyte Spike Added  MSD $Rec # Limits RPD # Limit |
| |
| |
| MTBE 29 19.26 96 49-136 5 11 i
| Benzene 20 13.11 96 55-122 2 10 |
| Toluene 20 20.62 103 £3-139 1 10 |
| Ethylbenzene 20 20.92 105 61-137 2 10

| m,p-Xylenes 40 43.38 108 57-148 2 10 |
| o-Xylene 20 20.65 103 70-141 3 10 |
] |
{ ]
| Surrogate Rec Limits |
[ |
[ |
| Trifluorcotolusne 98 51-143 |
| Bromofluorobenzene 101 37-146 E
L |

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 out of 6 outside limits

Spike Recovery: 0 out of 12 outside limits




Curi .
c urtis %ggrenplkmg,fug.

TEH-Tot Ext Hydrocarbons

1
N
]
1
l
|
]

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M

Location: Redwood Reg. Park Prep Method: EPA 3520
f 7
| sample # Client ID Batch # Sampled  Extracted Analyzed Moisture |
| i
1 I
i 138787-002 MW-2 47325 04/06/99 04/08/89 04/10/99 |
| 138787-004 MW-4 47325 04/06/99 04/08/99 04/10/99 |
| 138787-008 SW-1 47325 04/06/99 04/08/99 04/10/99
| 138787-00% SW-2 47325 04/06/99  04/08/99  04/10/99 |
| |

Matrix: Water

| 1
| Analyte Units 138787-002 138787-004 138787-008 138787-009 |
| Diln Fac: 1 1 1 1 |
| {
I !
| Diesel cl0-C24 ug/L <50 710 YLH <50 <50 |
f !
| Surrogate |
| |
{ Hexacosane LREC 71 &7 79 68 [
L |

Y: Sample exhibits fuel pattern which does not resemble standard
H: Heavier hydrocarbons than indicated standard
L: Lighter hydrocarbons than indicated standard




Chromatogram

ample Mam. : Z:0787-004,473Z5 Sample #: 47325 Page 1 of 1
FileName : C:NGCT1NCHR\QOOBAROST . RAW Date : 4/12/99 0B:03 PM
et hod : TEHOS5,MTH Time of lnjection: 4/10/99% 10:22 AM
tart Tim- : .01 min End Time 1 31,47 min Low Point ; -19.10 m¥ High Point : 672.33 mV
cale Fact :: 0.0 Plot Offset: -19 mV Plot Scale: 691.4 mV
' - - s | &) [ 2] LM Y B (L] N [=¢] [=]
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= - -26.77
l .= 2 -27.7¢
= . }VL‘UJ - -28.9¢
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Cb Curtis %Jgemp;mg,fug.

' TEH-Tot Ext Hydrocarbors

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M

Location: Redwood Reg. Park Prep Method: EPA 3520
[ 1
| sample # Client ID Batch # Sampled  Extracted  Analyzed Moisture |
I i
I i
| 138787-010 SW-3 47325 04/06/99 04/08/99 04/10/99 |
i !

Matrix: Water

: |
| Analyte Units 138787-010 |
{ Diln Fac: 1 |
1 1
| Diesel C10-C24 ug/L <S0 |
! |
| |
| Surrogate |
| |
I 1
| Hexacosane $REC 78 |
| |




c Curtis & Tompkins, Ltd.
Lab #: 138787 BATCH QC REPORT Page 1 of 1

TEH-Tot Ext Hydrocarbons

Client: Stellar Environmental Scolutions Znalysis Method: EPA 8015M
Location: Redwood Reg. Park Prep Method: EPA 3520

METHOD BLANK

Matrix: Water Prep Date: 04/08/99

Batch#: 47325 Analysis Date: 04/10/93
Units: ug/L

Diln Fac: 1

MB Lab ID: QC94868

— 1
| Analyte Result |
| {
| Diesel C10-C24 <50 [
| J.
| surrogate tRecC Recovery Limits |
| |
| Hexacosane 66 58-128 |
L |




C

Curlis & Tompkins, Lid.

Lakb #: 138787 BATCH QC REPORT Page 1 of 1

[ oo
| .
| Client: Stellar Environmental Solutions Analysis Method: EPA BO15M |
| Location: Redwood Reg. Park Prep Method: EPA 3520 |
| I
| BLANK SPIKE/BLANK SPIKE DUPLICATE _|
! - : - ; |
f |
| Matrix: Water Prep Date: 04/08/99 |
| Batch#: 47325 Analysis Date: 04/11/99 |
| Units: ug/L |
| Diln Fac: 1 |
L |
BS Lab ID: QC94869
[ !
| Analyte Spike Added BS $Rec # Limits |
| |
! 1
| Diesel Cl0-C24 2475 1630 66 50-114 |
| |
| |
| Surrogate %Rec Limits |
| |
| |
| Hexacosane 75 58-128 |
{ |

BSD Lab ID: QC94870

E Analyte Spike Added BSD %¥Rec # Limits RFD # Limit !
L
i Diesel C10-C24 2475 1536 62 50-114 6 25 i
L )
i Surrogate $Rec Limits |
|
i Hexacosane 71 58-128 i
i |

# Column to be used to flag recovery and RPD values with an asterisk
* Values putside of QC limits

RPD: 0 out of 1 outside limits

Spike Recovery: 0 out of 2 outside limits



Chromatogram
lSample Namz : ¢cv, 99ws7346,dsl Sample #: 500mg/l Page 1 of 1
FileName - : G:\GC1I\CHA\Q9BACSO.RAW Date : 4/712/99 12:43 PM
Method ¢ ATEHOS5.MTH Time of Injection: 4/10/99 05:40 AM
Sta~-r Timz : 0.01 min End Time : 31.79 min Low Peint @ =18.%3 mV High Peint @ 676.44 my
cale Factor: 0.0 Plot Offset: -19 mV Plot Scale: 695%.0 mV
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Lab#: 138787
Page 1 of 1

Curtis & Tompiins, Ltd.

Client: Stellar Environmental Solutions
Location : Redwood Reg. Park

Analysis Method: EPA 300.0
Prep Method: EPA 300.0

Sample # Client ID Batch# Sampled Analyzed Moisture
138787-001 MW-1 47246 06-APR-99 0&-APR-99 -
13B787-002 MW-2 47246 06-APR-99 06-APR-99 -
138787-003 MW-3 47246 0&-APR-99 06-APR-99 -
128787-004 MW-4 47246 06-APR-929 0c-APR-989 -
138787-005 MW-5 47246 06 -APR-939 06-APR-99 -
138787-006 MW-6 47246 Ce-APR-99 06-APR-99 -
QC24562 Methed Blank 47246 - 06 -APR-929 -
Analyte: Nitrogen, Nitrate Matrix: Water Units: mg/L
Reporting Dilution
Sample # Client ID Result Limit Factor
128787-001 MW-1 ND 1.0 20
138787-002 MW-2 ND 1.0 20
138787-003 MW-3 ND 1.0 20
1387287-004 MW-4 ND 1.0 20
138787-005 MW-5 ND 1.0 20
138787-006 MW-6 ND 1.0 20
QC24562 Method Blank ND 0.05¢C 1

ND = None Detected at or above Reporting Limit




Lab#: 138
Page 1 of

787
1

Curlis & Tompkins, Ltd.

Client: Stellar Environmental Solutions Analysis Method: EPA 300.0

Location Redwocod Reg. Park Prep Method: EPA 300.0

Sample # Client ID Batchi Sampled Analyzed Moisture
QC94563 Blank Spike 47246 - 06-APR-99 -
QC94564 Blank 3pike Duplicate 47246 - 06-APR-95 -
Analyte: Nitrogen, Nitrate Matrix: Water Uniteg: mg/L

Sample # Sample Type Spike Amt. Result %Rec Limits %RPD Limit
QC94563 Blank Spike 2.260 2.280 101 g0-120

QCo94564 Blank Spike Duplicate 2,260 2.270 100 80~-120 1 25




Lab#: 138787

Page 1 of 1 Curtis & Tormpkins, Lid.
Client: Stellar Environmental Solutions Analysis Method: EPA 300.0

Locaticn : Redwood Reg. Park Prep Method: EPA 300.0

Sample # Client ID Batch# Sampled Analyzed Moisture
QC%4565 MS of 138761-001 47246 05-APR-59 06 -APR-99 -
QCS4566 MSD of 138761-001 47246 05-APR-59 G6-APR-99 -
Analyte: Nitrogen, Nitrate Matrix: Water Unitg: wmg/L

Sample # Client ID Spikeamt Result %Rec Limits %RPD Limit
QC94565 M8 of 138761-001 5.650 5.860 100 75-125

QCY4566 MSD of 138761-001 5.650 5.770 29 75-125 2 35
138761-001 ZZZZZZZZ <0.2500




Lab#: 138787
Page 1 of 1

Curtis & Tompkins, Lid,

Client: Stellar Environmental Scolutions

Analysis Methed: EPA 300.0

Location Redwood Reg. Park Prep Method: EPA 300.0
Sample # Client ID Batch# Sampled Analyzed Moisture
138787-001 MW-1 47246 06-APR-99 06-APR-99 -
138787-002 MW-2 47246 06-APR-329 06-APR-99 -
138787-003 MW-3 47246 06-APR-55 06-APR-99 -
138787-004 MW-4 47246 06-APR-93 06-APR-99 -
138787-005 MW-5 47246 06-APR-99 0é-APR-99 -
138787~006 MW-6 47246 06-APR-99 06-APR-99 -
QC24562 Methed Blank 47246 - 06-APR-99 -
Analyte: Sulfate Matrix: Water Units: mg/L
Reporting Dilution
Sample # Client ID Regult Limit Factor
P 138787-001 Mw-1 150 10 20
138787-002 MW-2 100 1c 20
138787-003 MW-3 42 10 20
138787-004 MW-4 19 10 20
138787-005 MW-5 24 10 20
138787-006 MW-6 86 10 20
QU94562 Method Blank ND 0.50 1

ND = None Detected at or above Reporting Limit




Labi#: 13878
Page 1 of 1

7

Curtis & Tompkins, Ltd.

Client: Stellar Environmental Solutions Analysis Method: EPA 300.0

Location Redwood Reg. Park Prep Method: EPA 300.0

Sample # Client ID Batch# Sampled Analyzed Moisture
QC94563 Blank Spike 47246 - 06-APR-99 -
QC94564 Blank Spike Duplicate 47246 - 06-APR-99 -
Analyte: Sulfate Matrix: Water Unite: mg/L

Sample # Sample Type Spike Aamt. Result %Rec Limits %RPD Limit
QCS4563 Blank Spike 15.00 14 .84 9s 80-120

QCS4564 Blank Spike Duplicate 15.00 14.95 100 80-120 1 25




Labit: 138787
Page 1 of 1

Curtis &

Tormpkins, Ltdl,

Client: Stellar Environmental Solutions

Analysis Method: EPA 300.0

Location Redwood Reg. Park Prep Method: EPA 300.0

Sample # Client ID Batch# Sampled Analyzed Moisture
QC34565 MS of 138761-001 47246 06-APR-99 06-APR-99 -
oCo4566 MSD of 138761-001 47246 06-APR-99 06-APR-99 -
Analyte: Sulfate Matrix: Water Units: mg/L

Sample # Client ID Spikeamt Result %Rec Limits SRPD Limit
QC94565 MS of 138761-001 37.50 39.76 97 75-125

QC94566 MSD of 138761-001 37.50 40.14 98B 75-125 1 35
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ALAMEDA COUNTY PUBLIC WORXS AGENCY

WATER RESOURCES SECTION :

51 TURNER COURT, SUITE 300, HAYWARD, CA 9¢545-2¢5] -T

PHONE (S10)670-5575 ANDREAS GODFREY
{510) 670-5248 ALVIN KAN

EaXx (510}670-5262_

I DRILLING PERMIT APPLICATION ]
FOR APPLICANT TO COMFLETE FOR OFFICE USE
— rexrrnumser 4w EIRE
' WELL NUMBER :
APN :
Califomniz Coordinates Sourer fl Accuracy = f1. PERMIT CONDITIONS
CCN fr. CCE ft.
AEN Cirgled Permi: Requirements Apply
CLIENT, \ ~ .. GENERAL ’
Nome gt &I !E!Qﬁ\ pﬁ‘t D §* ful {N¢ vy 6«) @ A permoit application should bo submineg seas v
Address _fa: 1 Phone _ta 35w Q12 arrive 31 e ACPWA, office five days prior 1o
City dw - n QT tepased staning dale.
: @ubmi: 16 ACFWA within 60 days alter completion of
APPLICANT N . 5 permined work the originai Department of Water
Mﬂ’ﬂwhh\ gb‘ﬂ"““‘b" - Resources Water Well Drillers Report ot squivalent for
/ -38% ~ el prajects, or drilling logs and location skeweh for
Agdress 2110 rite gHY~ 33 eotechnical projects.
City & ey ch Zip T 3. Permit is void if project not begun within 90 days of
- ) approval dare. )
TYPE OF PROJECTY B. WATER SUPPLY WELLS
Well Conoryenen Geotechnical (nvestigation 1. Minimium surface segl thiekmess is two inches of
Cathgdic Protection o General n] <ement grout placed by tremie,
Warer Supply u} Contarnination }( # Mintmum seal depth is SO feer for municipal and
Monianng G Well Destrugtion Q industrial welly or 2 frct Tor domesnic and irjgation
. wells unless 3 lesser depth is spacially xpproved.
FROPOSED WATER SUFPLY WELL USE C. CROUNDWATER MONITORING WELLS
New Domcgue O Reptacemen: Domestic o INCLUDING PIEZOMETERS
Municipal Ly * lemgaten a 1. Minimum surface segl thickness is twe inekes of
Industrin) n] Other _ =] cemeni grout plaeed by wamic,
Z. Minimum seaf depth for monitosing wells is the
DPRILLING METHOD: ' maximum depth practicable er 20 feet.
Mud Rotary c Air Rotary D Auger O EOTECHN!CAL -
Cable o Qther K Gc’?“’bt - Backfill bore hole with vompacied cuttings of heavy
” benronite and upper two fect with compacted marenal.
ORILLER'S LICENSE NO. i'O%3 sb -] In aregs of known or suspested contaminalion, wremied
. cEmLAL grout shall be used in place of compacted cuttings.
WELL BROJECTS €. CATRODIC .
Drill Hole Diameter i, Maximarn Fill hule above anode zone with conereie placed by wemie.
Casing Dlzmeer ) in Deptit i F. WELL DPESTRUCTION
Surface Scal Depth . fi. Number See anached.
G. SPECIAL CONDITIONS
CEQTECENICAL PROJECTS
Number of Borings Maximym
. Holz Diameter -__in. Depih QS f
ESTIMATED STARTING DATE ‘f‘ { '4l %9 §. ;’——j
ESTIMATED COMPLETION DATE 3 ]99 APPROVED DATE
Fhereby agrée o comply with afl requirements of this poret and
Alameds County Ordinange No. 73-63.
APPLICANT S -
sIGNATURE,_ “Rang, M M DATE 'ﬂ\'-am
| d CSHEVYSO IS vININNOHIANT HvYT3LS WO WALBE E86-Ti-7




Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California
Date Taken: April 14 and 15, 1999 Project No.: SES99012
Photographer: B. Rucker Photo No.: 01

r‘lﬂ ]

Subject: GeoProbe rig at borehole HP-02, looking west.

Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California

Date Taken: April 14 and 15, 1999 Project No.: SES99012
Photographer: B. Rucker Photo No.: 02

STELLAR ENVIRONMENTAL SOLUTIONS

1 Subject: GeoProbe rig at borehole HP-01, looking east.




%

Subject: GeoProbe rig at borehole HP-04, looking south, with monitoring well MW-5 in the background.

Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California

'l Date Taken: April 14 and 15, 1999

Project No.: SES99012

Photographer: B. Rucker

Photo No.: 03

Subject: GeoProbe rig at borehole HP-07, looking north, showing locations HP-05 and HP-06 (marked by cones) in the foreground.

Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California

Date Taken: April 14 and 15, 1999

Project No.: SES99012

Photographer: B. Rucker

Photo No.: 04

STELILAR ENVIRONMENTAL SOLUTIONS




Subject: GeoProbe rig at borehole HP-09, looking north.
Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California
Date Taken: April 14 and 15, 1999 Project No.: SES99012

Photographer: B. Rucker Photo No.; 03

Subject: GeoProbe rig at borehole HP-10, looking north.
Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California
Date Taken: April 14 and 15, 1999 Project No.: SES99012

Photographer: B. Rucker Photo No.: 06

STELLAR ENVIRONMENTAL SOLUTIONS




Subject: Temporary well point at HP-11, adjacent to Redwood Creek, prior to damming and purging pit to remove stream water

Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California

Date Taken: May 22, 1999

Project No.: SES99012

Photographer: B. Rucker

Photo No.: 07

Subject: Borehole HP-11, adjacent to Redwood Creek — white bailer at right shows top of visibly contaminated soil (“smear zone”)

Site: Redwood Regional Park Service Yard Fuel Leak Site, Oakland California

Date Taken: May 22, 1999

Project No.: SES99012

:

Photographer: B. Rucker

Photo No.: 08

STELLAR ENVIRONMENTAL SOLUTIONS
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99012-1

Stellar Environmental Solutions Soil Boring Log
* 2110 Sixth Street, Berkeley, CA 94710

Geosclence & Engineering Consufting

BORING NUMBER _HP-01 page _ 1 of _1
PROJECT Redwood Req. Park Serv. Yard gWNER East Bay Regional Park District

LOCATION _Qakland, CA PROJECT NUMBER 99012
TOTAL DEPTH _18 feet BOREHOLE DIA. __2-inch
SURFACE ELEY. Unknown WATER FIRST ENCOUNTERED ~16.5 fest
DRILLING COMPANY _Fisch Environmental pRjLLING METHOD GeoProbe
DRILLER _Flint GEOLOGIST B. Rucker DATE DRILLED 4/14/99
wIE
oy GRAPHIC £52 2t Tl DESCAIPTION/SOIL CLASSIFICATION REMARKS
] (PID) Light brown clayey silt (ML),
o dry, sl. stiff
[ 5
: : Color change to red brown,
4 -] minor gravel, soft
[ 6 _
N 8 ] ' 0
: : Becomes wet at 10-13’
L 10— 0 {perched water zone)
7] No odor or
— T staining n?ted
— in samples
12— 0 P
: : Becomes gravelly (small-
—_— medium) {30-40%) at 13",
14— 0 sl. stiff, moist
0 Silty clay (CL), same as above
[ Color change to green brown, | sacmporany well point
gravel is smali (10-20%), wet
18 0
b ] ity Bottom of soil core = 18’




Stellar Environmental Solutions Soil Boring Log
2110 Sixth Streed, Berkeley, CA 94710

Geoscience & Engineering Consulting

BORING NUMBER _HP-02 page _ 1 of _1_
PROJECT _Bedwood Reg. Park Serv. Yard QWNER East Bay Regional Park District

LOCATION Oakland, CA PROJECT NUMBER 89012
TOTAL DEPTH _18 feet BOREHOLE DIA. __2-inch
SURFACE ELEV. Ynknown WATER FIRST ENCOUNTERED ~15.5 feet
DRILLING COMPANY _Fisch Environmental pRjLLING METHOD GeoProbe
DRILLER _Flint GEOLOGIST B. Rucker DATE DRILLED 4/14/99
g v %éé §§ INSTRUMENT|  DESGRIPTION/SOIL CLASSIFICATION REMARKS
_| (PID) Light brown clayey silt (ML),
| dry, minor organics
5
4

(o)}
I

Qrange brown silty clay (CL),
sl. stiff, sl. moist, sl. plastic

I

FT 111 T TTTTTTTTTTTTI

Petrcleum odor
noted beginning at
approximately 12’ bgs

12— 0
I 10 13’ color change to blue-grey, Equilibraied water
] 41 slight mottling level = 9.8
14— , :

14.5' becomes gravelly (small)
- - reoe| | 2400 (40-60%) stiff
— — 14 ol iﬂ.
— T # 15" becomes sandy (fine)
. 65— ﬁma and gravelly (20-30%)
] 164 156.5" becomes soft & wet
18 Ml | 193

HP-O?-

— 7] 1758 Qrange brown weathered
— siltstone, friable, wet
—20— 18’ Bottom of borehole

T
H

990122




99012-2

Stellar Environmental Solutions Soil Boring Log
* 2110 Sixth Street, Berkeley, CA 94710 ‘

Geoscience & Engineering Consulting

BORING NUMBER _HP-03 page _1 _ of __1
PROJECT _Redwood Reg. Park Serv. Yard QWNER East Bay Regional Park District

\?\.\“’\

Red brown silty clay (CH),
soft, sl. moist, plastic,
minor organics

LOCATION _Qakland, CA PROJECT NUMBER 99012

TOTAL DEPTH _18 feet BOREHOLE DIA. ___2-inch

SURFACE ELEv. Unknown WATER FIRST ENCOUNTERED ~13.5 feet
DRILLING COMPANY _Fisch Environmental pR|LLING METHOD GeoProbe
DRILLER _Flint GEOLOGIST B. Rucker DATE DRILLED 4/14/99
iy GRARHIC E2c 35| "Aaoha | DESCRIPTIONSSOIL CLASSIFICATION REMARKS
L (PID) Light brown clayey silt {ML),

] dry, minor small gravel

o ]

[ 4

— : Equilibrated water

— level = 11.0°
L 5

28 _
— 12.5" minor gravel

— - 13

: 3 4: H-0a- 294 13.5’ color chav:;lgte to blue grey,
: : g / m . 14.5” becomes sandy, silty clay,
T / : mod. stiff, moist

16 : P15 ]

- — 16" Bottom of borehole




99012-4

* Stellar Environmental Solutions Sail Boring Lag
2110 Sixth Street, Berkeley, CA 84710

Geoscience & Engineering Consulting

BORING NUMBER _HP-04 page _ 1 of _1_

PROJECT Bedwood Reg. Park Serv. Yard owNER East Bay Regional Park District

Red brown silty clay (CH),
soft, plastic, sl. moist,
minor small gravel

LOCATION Qakland, CA PROJECT NUMBER 29012
TOTAL DEPTH 19 feet BOREHOLE DIA. —__2-inch

SURFACE ELEV. Unknown WATER FIRST ENCOUNTERED ~17.5 feet
DRILLING COMPANY _Fisch Environmental pRILLING METHOD GeoProbe
DRILLER Flint GEOLOGIST B. Rucker DATE DRILLED 4/14/99

wlE

et GRAEIIC i Eg INSTRUMENT]  DESGRIPTION/SOIL CLASSIFICATION REMARKS
L (PID) Light brown clayey silt (ML),

E— dry, arganics
5]
4
: : Equilibrated water
] level=11.9"
l 6 -

Becomes wet from 9°-11°

Siltstone 12

{3—13.5’ lens of weathered siltstone

Red brown silty clay (as above)

HP-04-}
15°

17.5” becomes gravelly clay
(small, 40-60%), wet

5\3\\\
AN

U 19’ Bottom of borehole




99012-5

Stellar Environmental Solutions
* 2110 Sixth Street, Berkaley, CA 94710

Geoscience & Engineering Consulting

PROJECT _Redwood Reg. Park Serv. Yard QwNER

Soil Boring Log

BORING NUMBER _HP-05 page _1_ of __1

East Bay Regional Park District

LOCATION _Oakland, CA
TOTAL DEPTH _20 feet

PROJECT NUMBER 22012
BOREHOLE DIA. ___2-inch

SURFACE ELEV. Unknown

WATER FIRST ENCOUNTERED ~19 feet

DRILLING COMPANY _Fisch Environmental

DRILLING METHOD GeoProbe

DRILLER Flint

GEOLOGIST B. Rucker

DATE DRILLED 4/14/99

DEPTH GRAPHIC INSTRUMENT

SAMPLE
INTERVALS

Dark brown-black silty clay (CH),

soft, v. moist, plastic

(fest) 106 z[2s AEADING DESCRIPTION/SOIL CLASSIFICATION REMARKS
] (PID) Light brown clayey silt (ML),
— dry
o |
[ 4
— - Equilibrated water
I— level = 8.8
— 6

Siltstone

Yellow brown weathered
siltstone, dry, friable

HP-05
15

Frylr T T TP
|

N

15.5" becomes sl. stiff, sl. moist

0] 18' becomes gravelly (small-med)

Dark brown silty clay (CH),
soft, moist, plastic

14.5’ 8-inch gravel lens

(20-30%)
19" becomes v. moist
20" weathered siltstone, wet

20’ Bottomn of borehole




990126

N B B O I O I I A A

Stellar Enviranmental Solutions
X 2110 Sixih Sireet, Berkeley, CA 94710

Geoscience & Engineering Consulting

PROJECT _Redwood Req. Park Serv. Yard oWNER

BORING NUMBER

LOCATION _Oakland, CA

HP-06

Soil Boring Log

Page _1_ of _1

East Bay Regional Park District

TOTAL DEPTH __12 feet

PROJECT NUMBER 99012

SURFACE ELEV. Unknown

DRILLING COMPANY _Fisch Environmental

BOREHOLE DIA. __2-inch
WATER FIRST ENCOUNTERED ~11.5 feet
DRILLING METHOD GeoProbe

DRILLER _Flint GEOLOGIST B. Rucker DATE DRILLED 4/14/99
yIE
Rt GRARHIIC %E% §§ INSTRUMENT|  DESCRIPTION/SOIL CLASSIFICATION REMARKS
_ (PID) Light brown clayey silt (ML),
- dry
2
4
: Equilibrated water
- level = 7.3
6 —

Dark brown silty clay, sl. stiff, moist

10’ becomes stiff, sl. moist

10.%’ color change to blue-grey,
petraleum odor

11.5" becomes wet

13
447

10 woel | GTl

HP-0E

— - 11.5"

[ 14—

R

-16:

18]

o0

12’ Bottom of borehole




99012-7

Stellar Environmental Selutions Soil Boring Log
* 2110 Sixth Street, Berkeley, CA 94710

Geoscience & Engineering Consulting

BORING NUMBER _HP-07 page _ 1 of __1
PROJECT _Redwood Req. Park Serv. Yard owNER ___East Bay Regional Park District

LOCATION _Oakland, CA PROJECT NUMBER 99012

TOTAL DEPTH _16 feet BOREHOLE DIA. ___2-inch

SURFACE ELEV. Unknown WATER FIRST ENCOUNTERED ~12.5 feet
DRILLING COMPANY _Fisch Environmental ' pR|LLING METHOD GeoProbe
DRILLER Fiint GEOLOGIST B. Rucker DATE DRILLED 4/14/99

WEE 1)

ply GRAFHIC %E‘% §§ INSTRUMENT!  DESCRIPTION/SOIL CLASSIFICATION REMARKS
— (PiD) Brown clayey silt (ML),

— I dry, minor organics

[ 5 |

4 ]

: : Equilibrated water
I level = 12’
L6 —
— I
L 8 -

IR
(=)
1

8 \\

N
i

%é;f&g o

Dark brown-black silty clay (CH),
soft, moist, plastic

10.5’ becomes sl. stiff
; 12" becomes soft
M 12.5’ becomes wet, color change
to blue-grey, petrol. odor

13’ minor, small gravel

573

767
I 16’ Bottom of borehole




95012-8

Stellar Environmental Solutions - Soil Boring Log
K 2110 Sixth Street, Berkeley, CA 94710

Geoscience & Engineering Consulting

BORING NUMBER _HP-08 page _ 1 of _1

PROJECT _Redwood Req. Park Serv. Yard QWNER East Bay Regional Park District

LOCATION _Oakland, CA PROJECT NUMBER 99012

TOTAL DEPTH _16 feet BOREHOLE DIA. __2-inch

SURFACE ELEY. Unknown WATER FIRST ENCOUNTERED ~12.5 fest
DRILLING COMPANY _Fisch Environmental pRjLLING METHOD GeoProbe
DRILLER Flint GEOLOGIST B. Rucker DATE DRILLED 4/14/99
O, GRACHIC %ég §§ INSTRUMENTI  DESCRIPTION/SOIL CLASSIFICATION REMARKS

(PID) Dark brown clayey silt (ML}, dry

Mo
I O

Y

Dark brown silty clay (CL),

sl. stiff, sl. moist .
Equilibrated water

FT P11 1T 1T T P T T VT T T T 1T

: . level = 9.9
6 -
8 —
: 9.5’ becomes soft
L 10— 0
— — 11/ becomes stiff
:1 2: 16 : 11.5" becomes soft
T 5 12.5" becomes wet and gravelly
— (medium, 50%)
14 78
 _ / 313
16 / Al | 404

I
¥
28

I
I

16’ Bottom of borehole




93012-9

Stellar Environmental Solutions Soil Boring Log
* 2110 Sixth Streei, Berkeley, CA 94710

Geoscience & Engineering Consulting

BORING NUMBER _HP-09 page _ 1 of _1
PROJECT _Bedwood Reg. Park Serv. Yard gwNER East Bay Regional Park District

LOCATION _Oakland, CA PROJECT NUMBER 99012

TOTAL DEPTH _16 feet BOREHOLE DIA. __2-inch

SURFACE ELEV. Unknown WATER FIRST ENCOUNTERED _15.5 feet
DRILLING COMPANY _Fisch Environmental pRILLING METHOD GeoProbe
DRILLER _Flint GEOLOGIST B. Rucker DATE DRILLED 4/15/99
E:fEngr Gngglc §,§§ §§ '“%EQHME“T DESCRIPTION/SOIL CLASSIFICATION REMARKS

(PID) Light brown clayey silt (ML), dry

[\

o

1 T I A I

Equilibrated water
level = 11.1’

Dark brown siity clay (CL),
sl. stiff, sl. moist

o))

N

T rer TT T T TrT YT TTTTITA

0

I 0 11’ becomes soft
{2 0 12’ becomes moist
] 492 12.5’ bacomes blue-grey, stiff, dry
TE— s 13’ becomes brown with
14— 1 K76 sl. blue-grey mottling
— - 1,168,
- — 1#6 15.5" becomes sandy and wet

HP-09-
—1 6 18
— — 16’ Bottom of borehole
- —
— -
18—
20—




90012-10

Stellar Environmental Solutions Soil Boring Log
* 2110 Sixth Street, Berkeley, CA 94710

Geoscience & Engineering Consutting

BORING NUMBER _HP-10 page _1_ of _1_
PROJECT Redwood Req. Park Serv. Yard qwngR __ East Bay Regional Park District

LOCATION _Qakland, CA PROJECT NUMBER 89012
TOTAL DEPTH _16 feet BOREHOLE DIA. ___2-inch
SURFACE ELEV. Unknown WATER FIRST ENCOUNTERED _14.5 feet
DRILLING COMPANY _Fisch Environmental pR|LLING METHOD GeoProbe
DRILLER Flint GEOLOGIST B. Rucker DATE DRILLED 4/15/99
wIE
oy T s E% I MENT)  DESCRIPTION/SOIL CLASSIFICATION REMARKS
n (PID) Light brown clayey silt (ML)
5 _|
4 _
Equilibrated w:':\ter
Brown silty clay (CL), dry level =7.9

(o))

8 becomes stiff, minor small
graval

Tt T T TTTETTTTTUTTOUTI

10" becomes soft, plastic (CH}

— 0

S 13 11.5" becomes sl. stiff (CL)
—12— 527 12’ color change to blue-grey
- 1,350

C14] 1401

I o 1 9359 14.5" becomes wet sandy clay
T " 1,386 |{15.5' becomes gravelly (small-med)
_1 6_ 53 (30-50%), wet

— 16" Bottom of borehole
18—

20—




Curtis & Tompkins, Ltd., Analyiical Laboratories, Since 1878
2323 Fifth Street, Berkeley, CA 94710, Phone (510) 486-0900, Fax (510) 486-0532

LYTICAL REPORT
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Chain of Custody Record %‘f %L{ tab jon no.: -
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Laboratory — Ui ¢ Tm“ft'ﬁj 3 Method of Shipment haw &A“"W‘ir \ 3 Page 1 _ 2
3333 P STt —
Address Shipment No
focdey € 4TI P ' —
¥ AlrbHl No. Aralysls Requiced /
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c Curtis & Tormpkins, Lid.
Page 1 of 3

3f:??HfTota1 Volatile Hydrocérbans

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 5030

T

|
|
F
|
|
| Location: Redwocod Regional Park
|

[ 1
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
| 1
| 138934-001 HP-01-17.5"' 47551 04/14/99 04/21/9¢9 04/21/99 [
| 138934-003 HP-02-14" 47633 04/14/99 04/25/99 04/25/99 [
| 138934-006 HP-03-13' 47551 04/14/99 04/21/99 04/21/99% |
| 138934-008 HP-04-15' 47551 04/14/99 04/21/99 04/21/99 [
l |

Matrix: Soil

] |
| Analyte Units 138934-001 138934-003 138934-006 138934-008 |
| Diln Fac: 1 25 1 1 |
L |
I ]
| Gasoline C7-C12 mg /Kg <l 970 H <l <l |
| |
1 1
| surrogate |
| |
| |
| Trifluorotoluene %REC 101 110 104 101 |
| Bromofluocrobenzene %REC 99 273 * 103 108 |
| |
* Values outside of QC limits

H: Heavier hydrocarbons than indicated standard




l GCO04 TVH 'J' Data File Rtx1FID
Sample Name : RD,13B934-003,47633, TVH ONLY Sample §: 25X Page 1 of 1
FileName : G:\GCO4\DATA\114J023.raw Date : 4/25/99% 04:10 AM
thod : TVHBTXE Time of Injection: 4/25/99 03:43 pM
!art Time : 0.00 min End Time ¢ Z26.00 min Low Point : 49.61 mV High Point : 299.61 mV
ale Factor: -1.0 Plot Offset: 50 mv Plot Scale: 250.0 mV
l ~esponse | mV]
— — [ 2
l n ] n -] n
O ] - D -
o T S Y Y H e A A I B B
l . +CB
. | 1.79
l ﬁ 4. 23
{N—
1 , Q7
R 7.33
l JTRIFLUO - : 7.86
: 8.23
———— s
. %— -39 .
o 9.80 10.07
— ' 0¥h42
. — 92
' 11.14 11.43
I 1173 '
D 12.21
| — 12.77 12.48
' ; 1
ol : 28 .
- - 24
- ‘ ‘%4.70
N ; 15.02
R 15.52 15 78
—BROMOF - . — 632 15.9
l : 16.59
] 1729 19.9
-17.58
i : 191597-14
F_ = T .
l S — 19.83 20.0
_ i 52078 21.0
22.3
' N ﬁ ——22 66 23 (2}6
: ——23.31 )
i ; — 23.63
' ; i —— 24.14
— IR 25.09
o) : =5 .
i :‘%?ﬁ_?s




c Curtis & Tompkins, Lid.

Page 1 of 3

I — 1
| BTXE - |
! " !
[ 1
| ¢lient: Stellar Environmental Sclutions Analysis Method: EPA 8021B

| Project#: 99012 Prep Method: EPA 5030

| Location: Redwood Regional Park |
| |
i |
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
I 1
| 138934-001 HP-01-17.5' 47551 04/14/9% 04/21/99  04/21/99 |
| 138934-003 HP-02-14' 47551 04/14/99 04/22/99 0D4/22/99 |
| 138934-006 HP-03-13! 47551 04/14/39  04/21/9%  04/21/99 |
| 1238934-008 BP-04-15' 47551 04/14/9% 04/21/99 04/21/99 I
| j
Matrix: Soil

f 1
| Bnaiyte Units 138934-001 138934-003 138934-006 138934-008 |
| Diln Fac: 1 20 1 1 I
t )
f )
| MTBE ug/Kg <20 1000 <20 <20 |
| Benzene ug/Kg <5 1300 ¢ <5 <3

| Toluene ug/Kg <5 1300 <5 ' <5

| Ethylbenzene ug/Kg <5 5500 <5 <5

| m,p-Xylenes ug/Kg <5 7400 <5 _ <5

| o-Xylene ug/Kyg <5 1300 <5 <5

| |
| |
| Surrogate I
| |
| 1
| Triflucrotoluene $REC 89 107 93 89

| Bromofluorcbenzene $REC 89 142 93 97

L i
C:

Presence of this compound confirmed by second column,
however, the confirmation concentration differed from the reported
result by more than a factor of two




c Curtis & Tornpkins, Ltd.

Page 2 of 3

;5fTVHjT¢tal Volatile Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA B015M
Project#: 99012 Prep Method: EPA 5030
Location: Redwood Regional Park

[ 1
| sample #  Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
| ]
| 138934-010 HP-05-15" 47551 04/14/99 04/21/99 04/21/99 |
| 138934-012 HP-06-11" 47660 04/14/99%  04/26/99  04/26/99 |
| 138934-015 HP-07-12" 47551 04/14/99 04/21/99 n4/21/99 |
| 138934-017 HP-08-15.5" 47633 pa/14/99  04/25/99 04/25/99 |
L |

Matrix: Soil

f |
| Aanalyte Units 138934-010 138934-012 138934-015 138934-017 |
| Diln Fac: 1 40 _ 1 20 |
i f
q 1
| Gasoline C7-Cl2 mg /Kg <1 17060 H 2.9 580 H |
! i
f i
| Surrogate I
| i
| 1
| Trifluorotoluene $REC 102 120 108 126 |
| Bromocfluorobenzene EREC 111 217 * 121 207 x|
| i

* Values outside of T limits
H: Heavier hydrocarbons than indicated standard




GCO04 TVH 'J' Data File Rtx1FID

Sample Name : r,138934-012,47660 Sample #: 40x Page 1 of 1 I
FileName i G:\GCO4\DATA\116J012.raw Date ; 4727799 12:27 PM
Method i TVHBTXF Time of Injection: 4/26/99 09:56 PM
Start Time : 0.00 min End Time ! 2600 min Low Point @ 50.22 mV High Point : 300.22 mV l
Scale Factor: -1.0 Plot Offset: 50 mv Blot Scale: 250.0 mv
Response [mMmV] l
- — 2 o Y
o O O 31 O l
') o O cI:) -
o T Y R B S T B B I B S S
+HF I
a :23-—1.583 1.80
:fz?sl I
L ; 2.85
B — 423 l
T =422, e
: 5.56 "
) 5" |
= 7.33
_TRIFLUO - —”_;:’:4 7.87 l
T ———— 8 850 a Eg
: S 819.40 9.0 l
. . E————
') 42 10.08
— ; @95‘06@
5 : 1.14 11.43
3] : 73 - |
T 12.22
| == 12.49
r——r— : e
-~ ﬁzﬂ%@ 14.56
> o : ——— 1503 '
L I : )
15,82,4
—BROMOF - -— 15, 15.95
16.32
16.59 16 1
¥7.29 17.58 '
_ ~18.0
n 19.14
N
S — 1988 5506
| : - 20.78 21.02 l
Z 21.30 <1 ‘
_ ——=2165" ;78> o 17
: 2.33
~ T ——Ladt ’ 23.06 '
T 2332 .
; 23.64
m r A SE—24.15 l
M) .
e 5.10
&4 l




GClS TVH 'X' Data File (FID)

Sample Name : 13B934-015,475F" Sample #: Page 1 of 1
ileName i GiNGCIONDATANILIIXO1S9. raw Date : 4/21/99 11:21 PM

thod : TYHBTXE Time of Injecticn: 4/21/9% 10(.53 PM

art Time : 0.00 min End Time 1 2680 min Low Point @ 4.14 mV High Point : 254,14 mV
cale Factor: -1.0 Plot Offset: 4 mV Plot Scale: 250.0 mV

<.

Response [mV]

s &5 g s & 8 £ 3 & B B
|||||||T>|||a|1n|T|m|||s|T|||shmT}||1|l|nmmhufﬁ||||||||T’|||||zummlmm|lz|||1|T>||H|n||TT||1JH;|I||||IH_u
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GC04 TVH 'J' Data File Rtx1FID

Sample Name : RD,138B3%34-017,47633 Sample #: 20X Pac= 1 of 1
FileName i GiAVGCO4M\DATAN114J020. raw Date : 4/25/99 02:25 mM

Method : TVHBTXE Time of .niection: 4/25/9% 01:58 AM

Start Time : 0.00 min End Time 1 26.00 min Low Point : 49.B0 mv High Point : 299,80 mV
Scale Factor: -1.0 Plot Offset: 50 mv Plot Scale: 250.0 mV

Response [mV]

! 1.79
n —2a Z. 390
| 3 2.85
388 >
Bl 4.23
< 4.65
o g,gg
£55 - > 26
| — 6 37‘:"5'97
: 6.65 :
N ==2+08 7.33
e —— TS .
_ITRIFLUO - = o= 7.86
————F§.
- — g
—~— 10.07
4~ ' 561042
— i @gﬂ '
= 11.13 1143
3] —=="A1.73 ‘
@ 12.21
1 — =13 12 12.76 1249
™
3 ] ‘??23 T3 7613376218
g ——14
- = 70
B %1502
— i 1552 -5

--BROMOF - . — 15.85

=18

S %

| E = 21.01

B : 22 16

_ h ———— 22 66 22253025

——=72373 —23.

| - =1 23.63
PO e 52
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©
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c Curtis & Tompkins, Ltd.

Page 2 of 23

I . I
B i BTXE |
L . |
I |
| Client:  Stellar Environmental Solutions Analysis Method: EPA 8021B |
| Project#: 99012 Prep Method: EPA 5030
| Location: Redwood Regional Park |
1 1
I L
| sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
| 1
| 138934-010 HP-05-15" 47551 04/14/99  04/21/99 04/21/99 |
| 138934-012 HP-06-11" 47660 04/14/99  04/26/%9  04/26/99 |
| 138934-015 HP-07-12" 47551 04/14/99 04/21/99  04/21/99 |
| 138934-017 HP-08-15.5" 47633 04/14/99  04/25/99%9  04/25/99 |
L J
Matrix: Scil
[ ]
| Aanalyte Units 138934-010 138934-012 138934-015 138934-017 |
| biln Fac: 1 40 1 20 |
% —
| MTBE ug/Kg <20 <B0O 20 <400 i
| Benzene ug/Kg <5 1400 < 28 <100
| Toluene ug/Kg <5 2700 <5 1000
| Ethylbenzene ug/Kg <5 21000 130 4700
| m,p-Xylenes ug/Kg <5 70000 310 4700
| o-Xylene ug/Kg <5 11000 37 <100
] |
I 1
| surrogate |
| |
I |
| Trifluorotoluene $REC 89 107 97 100
| Bromofluorobenzene %$REC 98 115 106 104 |
L i

C: Presence of this compound confirmed by second column,
however, the confirmation concentration differed from the reported
result by more than a factor of two




‘ Curfis & Tompkins, Lid.
Page 3 of 3

r - . . : — 1
| TVH-Total Volatile Hydrocarbons. |
] . : — |
¥ |
| Client: Stellar Environmental Scolutions Analysis Method: EPA 8015M |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park |
L J
f \
| sample # Client ID patch # Sampled Extracted Analyzed Moisture |
| I
| 1
| 138934-0192 HP-03%-15"' 47660 04/14/99 04/27/99 04/27/99%

| 138934-021 HP-10-14" 47633 04/14/99 04/24/99 04/24/99 ]
L J

Matrix: Soil

[ |
| Analyte Units 138934-019 138934-021 !
| piln Fac: 25 20 |
lr |
| Gasoline C7-C12 mg /Kg 610 H 500 H |
1 |
3

| Surrogate

1

I

| Trifluorotoluene $REC 116 128

| Bromofluorcbenzene $REC 201 * 200 *

L

+ Values outside of QC limits
H: Heavier hydrocarbons than indicated standard




GC04 TVH 'J' Data File Rtx1FID

Sample Name ; RD,138934-01%,47660 Sample #: 25X% Page 1 of 1
FileName. © GiAGCO4\DATA\I16J034.raw Date : 4/27/99 {01:53 PM
et hod : TVHBTXE Time of Injection: 4/27/9% 12:40 PM
‘tart Time : 0.00 min End Time ; £6.00 min Low Point : 49.94 mV High Polnt : 299,864 mV
cale Factor: -1.0 Plot Qffset: 50 mv Blot Scaje: 250.0 mv
' Response [mMmV]
M D
} > 5
O )
lQ IS B S S S BN
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I 8
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S — e - I fat
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l # 18.0
M
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GC04 TVH 'J' Data File Rtx1FID

Sample Mame : RD, 138934-021,47633,TVH ONLY Sample ¥: 20X Page 1 of 1
FileMame : G:\GCOA\DATAN114J021.raw Date : 4/25/99 03:00 AM

Method : TVHBTXE Time of Injection: 4/25/99% 02:33 AM

Start Time : 0.00 min End Time ¢ Zu.J0 min Low Point @ 30.01 mV High Point : 300.01 mv
Scale Factor: =-1.0 Plot Qffset: 50 mV Plot Scale: 250.0 mV

Responzse [MmV]
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B — ' 2.85
=385 S
7 Pl 4.23
n— 7 '996 526
— 555>
— _ — ——597
—5%0s o0
_TRIFLUO - — : 7.86
el
DE-
o
.
3 _
= o]
_|BROMOF - 15.95
- -18.06
|
s
— 21.01
S




GC1l9 TVH 'X' Data File (FID)

Sample Name : CCV/LCS,QC95711, 99WST368, 47551 Sample #: GAS Fage 1 of 1
eName : G:A\GC19\DATAM\111X001.raw Date : 4/21/99 10:47 AM

hod : TVHBTXE Time of Injection: 4/21/5%% 10:20 AM

rt Time : 0.00 min End Time i 26,80 min Low Peint : 5.02 mV High Peint : 255.02 mV
ale Factor: -1.0 Plot Offset: 5 mV Plot Scale: 250.0 mV

-

Response [mV]
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c Curtis & Tomokins, Lid.

Page 3 of 3

BTXE

I 1

| l

| |

| Client: Stellar Environmental Solutions Analysis Method: EPA B021B

| Project#: 93012 Prep Method: EPA 5030 |

| Location: Redwood Regional Park |

| j

I 1

| sample # Client ID Batch # Sampled Extracted Analyzed Moisture |

| |

] 1

| 138934-019 HP-09-15" 47660 04/14/99  04/27/99  04/27/99 |

| 138934-021 HP-10-14"' 47551 04/14/99  04/22/99  04/22/99 |

L |
Matrix: Scil

|

| Analyte Units 138934-019 138934-021

| Diln Fac: 25 5

1

)

| MTBE ug/Kg <500 2300

| Benzene ug/Kg 1500 190

| Toluene ug/Kg 1500 1600

| Ethylbenzene ug/Kg 3800 2000

I m,p-Xylenes ug/Kg 89800 2500

| o-Xylene ug/Kg 1400 710

L

|

| Surrocgate

|

[

| Trifluorotoluene $REC 105 151 *

| Bromofluorobenzene $REC 11z 180 *

|

* Values cutside of QC limits

i
j
]
)
)
"
)
{
%l
1
8
'l
1
)
i
i
]
}
}




Diln Fac: 1

c Curtis & Tompkins, Ltd.
Lab #: 138934 BATCH QC REPORT Page 1 of 1
— ' — T ]
| - TVH-Total Volatile Hydrocarbons {
L DI i
I 1
| Client: Stellar Environmental Solutions Analysis Method: EPA B015M |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regicnal Park }
L |
[ METHOD - BLANK |
F I
| Matrix:  Soil Prep Date: 04/21/99 |
| Batch#: 47551 Analysis Date: 04/21/99 |
| Units: mg /Kg |
| |
1 J

MB Lab ID: QC85713

| |
| Analyte Result |
| |
| |
| Gasoline C7-C12 <1.0 |
- |
| Surrogate tRec Recovery Limits |
| |
| 1
| Trifluorotoluene 102 62-143 i
| Bromoflucrobenzene 98 59-150 |
L i




c Curtis & Tormpkins, Ltd.
Lab #: 138934 BATCH QC REPORT Page 1 of 1

I
|
!
| Client: Stellar Environmental Solutions Analysis Method: EPA BO21B
| Project#: 93012 Prep Method: EFA 5030
| Location: Redwood Regicnal Park

|

!

Diln Fac: 1

o
—

|

I

|
-
|

|

]

|

|-

f

| Matrix: Soil Prep Date: 04/21/99
| Batch#: 47551 Analysis Date: 04/21/99
| Units: ug/Kg

|

{

MB Lab ID: QC95713

f '
| Analyte Result |
{ |
p |
| MTBE <20 |
| Benzene <5.0 I
| Toluene <5.0 |
| Ethylbenzene <5.0 |
| m,p-Xylenes <5.0 |
| o-Xylene <5.0 |
| ]
I 1
| Surrogate $Rec Recovery Limits |
| |
| !
| Trifliuorotoluene 89 59-134 |
| Bromofluorobenzene 88 38-150 |
l !




c Curtis & Tormpkins, Lid,
Lab #: 138934 BATCH QC REPORT Page 1 of 1

HT; qLétile Hydrocarbbhéfﬁ;'i7

Client: Stellar Environmental Sclutions Analysis Method: EPA B015M
Project#: 99012 Prep Method: EPA 5030
Location: Redwood Regiocnal Park

' LABORATORY CONTROL SAMPLE .. - -

Matrix: Soil Prep Date: 04/21/9%
Batchi: 47551 Analysis Date: 04/21/9%
Units: mg/Kg

Diln Fac: 1

LCS Lab ID: QC95711

i Analyte Result Spike Added ¥Rec # Limits ]
i _ |
i Gasoline C7-Cl12 9.04 10 90 77-122 i
| ‘ l
i Surrogate %¥Rec Limits i

]
i Trifluorotoluene 94 62-143 i
| Bromofluorobenzene 102 59-150 |
— J

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
Spike Recovery: 0 out of 1 outside limits




c Curtis & Tomypkins, Lid.
BATCH QU REPORT

Lab #: 138934 Page 1 of 1

Client: Stellar Environmental Sclutions Analysis Method: EPA 8015M
Project#: 95012 Prep Method: EPA 5030
Location: Redwood Regional Park

' MATRIX SPIKE/MATRIX SPIKE DUPLICATE

Field ID: HP-03-13° Sample Date: 04/14/99

Lak ID: 138934-006 Received Date: 04/15/99
Matrix: Svil Prep Date: 04/21/99
Batchi#: 47551 Analysis Date: 04/21/99
Units: mg/Kg

Diln Fac: 1

1
|
i
1
|
|
|
I
|
|
1
|
|
|
I
I
|
]

MS Lab ID: QC®95714

{ Analyte Spike Added Sample MS $Rec # Limits i
|

[_Gasoline C7-Cc1z 10 <l 8.53 85 55-134 i
|

i Surrogate . %Rec Limits i
]

i Trifluorotoluene 114 62-143 i
| Bromofluorobenzene 121 59-150 i
L I

MED Lab ID: QC95715

r
| Analyte Spike Added  MSD $Rec # Limits RPD # Limit

1
| |
| Gasoline C7-Ci2 10 8.48 85 55-134 1 30 |
3 {
| Surrogate %Rec Limits |
| |
I 1
| Trifluorotoluene 43+ 62-143 |
| Bromofluorcbenzene 56+ 59-150 |
L |

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 out of 1 outside limits

Spike Recovery: 0 out of 2 outside limits




c Curiis & Tompkins, Lid.
Lab #: 138934 BATCH QC REPORT Page 1 of 1
— SELE |
| BIXE .. |
I 1
| €lient: Stellar Environmental Solutions Analysis Method: EPA 8021B |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regicnal Park |
1 |
i : !
foie LABORATORY “CONTROL SAMPLE [
I 1
| Matrix: Soil Prep Date: 04/21/99 |
| Batchi: 47551 , Analysis Date: 04/21/99 |
| Units: ug/Kg |
| Diln Fac: 1 |
l J
LCS Lab ID: QC95712
| 1
| Analyte Reszult Spike Added  %Rec # Limits | -
l ]
| t
| MTBE 78.55 100 79 65-135 I
| Benzene 84.31 100 84 67-116 |
| Toluene 89.6 100 90 77-122 !
| Ethylbenzene 89.73 100 90 70-124 |
| m,p-Xylenes 187.4 200 94 75-125 |
| o-Xylene 87.4 100 B7 75-126 |
| —
| surrogate tRec Limits |
| |
| 1
| Trifluorotoluene 87 59-134 |
| Bromofluorcbenzene 88 38-150 |
L )

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
Spike Recovery: 0 out of 6 outside limits




c Curtis & Tompkins, Ltd,
Lab #: 1389234 BATCH QC REPORT Page 1 of 1
I .

| "Hydrocarbons

|

I

| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M

! Project#: 93012 Prep Method: EPA 5030

| Location: Redwood Regional Park

—

7
|
I
I
{
|
i
I
|
|

“METHOD BLANK e

Batch#: 47660 Analysis Date: 04/26/99
Units: mg/Kg

1

|

E . s

| Matrix: Soil - Prep Date: 04/26/99
|

|

| Dilpn Fac: 1

|

MB Lak ID: QC96102

| |
| Analyte Result |
F 1
| Gasoline C7-C12 <1l.0 |
I I
| Surrogate tRec Recovery Limits I
i |
i 1
| Trifluorotoluene 96 62-143 |
| Bromofluorobenzene 90 59-150 |
L j




Piln Pac: 1

c Curits & Tornpkins, Ltd.
Lab #: 138934 BATCH QC REPORT Page 1 of 1
| - X B L e il
| . TVH-Total Volatile Hydrocarbons |
L TR RS TR RE |
| ]
| Client: Stellar Environmental Solutions Analysis Method: EPA BQ1S5M |
| Project#: 92012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park |
L I
|- " LABORATORY CONTROL SAMPLE i
| Matrix:  Soil Prep Date: 04/26/99 |
| Batchi: 47660 Rnalysis Date: 04/26/99 [
| Units: mg/Kg |
| l
L I

LCS Lab ID: QC9%6103

I !
| Analyte Result Spike Added %Rec # Limits f
| |
) |
| Gasoline C7-C12 9.88 10 99 77-122 |
* —
| Surrogate $Rec Limits J
- |
| Trifluorotoluene 95 62-143 |
| Bromofluorobenzene 108 59-150 |
| 1

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
Spike Recovery: 0 cut of 1 outside limits




c Curtis & Tompkins, Lid.

Lab #: 138934 BATCH QC REPORT Page 1 of 1

: ﬁjj:TVH—Total Volatiléfﬁj&tdcarbons

| IS !
— 1'
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 99012 Prep Method: EFPA 5030 |
| Location: Redwood Regional Park |
| }
P o i i
| oo “MATRIX SPIKE/MATRIX SPIKE DUPLICATE i
L L R |
| i
| Field ID: ZZZZZZ Sample Date: 04/23/99 '
| Lab ID: 13%092-001 Received Date: 0a/26/99 I
| Matrix: 50il Prep Date: 04/26/99 |
| Batché#: 47660 Analysis Date: 04/26/99 ]
| Units: me /Ky !
| Diln Fac: 1 |
| ]
M8 Lab ID: QC96106
r 1
| Analyte Spike Added Sample MS $Rec # Limits |
| i
| !
| Gasoline C7-C1z 10 <1 9.79 98 55-134 |
| i
| i
| Surrogate $RecC Limits i
L !
| 1
| Trifluorotoluene 96 £2-143 |
| Bromofluorobenzene 111 59-150 i
L |
MSD Lab ID: QCS6107

T 1
| Analyte Spike Added  MSD %Rec # Limits  RPD # Limit |
f |
| |
| Gaseline C7-C12 10 10.47 105 55-134 7 30 |
- J.
| Surrogate %Rec Limits

| |
| 1
| Trifluorotoluene 98 62-143 |
| Bromofluorobenzene 110 59-150 |
| I

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 out of 1 outside limits

Spike Recovery: 0 out of 2 outside limits




‘ Curtis & Tormpkins, Lid.
Lab #: 1389234 BATCH QC REPORT Page 1 of 1

TVH-Total Volatile Hydrocarbons

Stellar Environmental Solutions Analysis Method: EPA 8015M

[ 1
| I
| }
i ]
| Client: |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park |
I t
4 - i
| METHOD BLANK |
| _ : ) |
[ 1
| Matrix:  Soil Prep Date: 04/24/99 |
| Batch#: 47633 Analysis Date: 04/24/99 |
| Units: mg/Kg |
| Diln Fac: 1 l
i J
MB Lab ID: QC96005
I 1
| Analyte Result |
! -
| Gasoline C7-C12 <1.0
: !
| Surrogate %Rec Recovery Limits
| g
| 1
| Triflucrotoluene 97 6£2-143
| Bromofluorobenzens 87 59-150
L |




c Curtis & Tompkins, Ltd.
Lab #: 138934 BATCH QC REPCRT Page 1 of 1
BTXE
Client: Stellar Environmental Sclutions Analysis Method: EPA 8021B
Project#: 99012 Prep Method: EPA 5030

Locaticn: Redwood Regional Park

RS METHOD BLANK

Matrix: Seoil Prep Date: 04/24/99
Batch#: 47633 Analysis Date: 04/24/939
Units: ug/Kg

Diln Fac: 1

______...__,___,_____._,.,.__
I USEpEEE EEpE SRS —— S——

MB Lab ID: QCS6005

| 1
| Analyte Result l
i |
| i
| MTRE <20 |
| Benzene <5.0 |
| Toluene <5.0

| Ethylbenzene <5.0

| m,p-Xylenes <5.0 |
| o-Xylene <5.0

! g
| surrogate YRec Recovery Limits |
| ]
| 1
| Trifluorotoluene 99 59-134 i
| Bromofluorobenzene 30 38-150 |
L )




c Curtis & Tompking, Lid.
Lab #: 138934 BATCH QC REPORT Page 1 of 1

'EiiTVﬁéTotal Volatile Hydrecarbons

Client: Stellar Environmental Seolutions Analysis Method: EPA S01SM
Projecti: 99012 Prep Method: EPA 5030
Location: Redwood Regional Park

""" LABORATURY CONTROL:$AMPLE - S

Matrix: Soil Prep Date: 04/24,99

Batchi: 47633 Analysis Date: 04/24/99
Units: mg /Kg

Diln Fac: 1

e ——— e — —

LCS Lab ID: QC%<003

I i
| 2nalyte Result Spike Added %Rec # Limits

1 |
I 1
| Gasoline ¢7-C12 10.38 10 104 77-122 |
| —~ |
| Surrogate i
|

|

| Trifluorotoluene

| Bremofluorobenzene 1. B

{

# Column to be used to flag recovery and RBED values with an asterisk
* Values cutside of QC limits
Spike Recovery: 0 out of 1 outside limits




c Curtis & Tompkins, Ltd.
Lab #: 138934 BATCH QC REPORT Page 1 of 1
I . R )
] BTXE |
- e : {
| client: Stellar Environmental Solutions Analysis Method: EPA 8021B
| Projecc#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park J
| —1]
I R X 1
| LABORATORY CONTROL SAMPLE {
| |
| 1
| Matrix:  Soil Prep Date: 04/24/99 |
| Batché: 47633 Analysis Date: 04/24/99 i
| Units: ug/Kg [
| Diln Fac: 1 |
1 |
LCS Lak ID: QC96004
I 1
| Analyte Result Spike Added %Rec # Limits |
H |
[} |
} MTEE 84.57 100 85 65-135 |
| Benzene 92.13 100 92 67-116 |
| Toluene 96.85 100 97 77-122 |
| Ethylbenzene 89.9 100 30 70-124 |
| m,p-Xylenes 189.7 200 95 75-125 |
| o-Xylene 93 .04 100 93 75-126 |
I 8
| Surrogate $Rec Limits |
! |
| |
| Trifluorotoluene 97 59-134
| Bremofluorcbenzene 92 38-150 |
| ]

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
Spike Recovery: 0 cut of 6 ocutside limits




‘ Curtis & Tormnpkins, Ltd.

Lab #: 138934 BATCH QC REPORT Page 1 of 1

'E_TVH—Total Volatile Hydrocarhons

Pbiln Fac: 1

[ L]
| - |
= t
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park

1 |
I 1
i . MATRIX SPIKE/MATRIX SPIKE DUPLICATE S e

| i
| Field ID: ZZzZZZZ Sample Date: 04/21/99

| Lab ID: 139031-004 Received Date: 04/21/99

| Matrix: soil Prep Date: 04/25/99 i
| Batch#: 47633 Analysis Date: 04/25/99

| Units: mg /Kg |
I |
L |

MS Lab ID: QCS6006

I i
| Aanalyte Spike Added Sample MS $Rec # Limits |}
1 {
1 1
| Gasoline C7-C12 1c 456.15 30.74 -15k4 * §5-134 |
E !
| Surrogate %Rec Limits |
| i
| 1
| Trifluorotoluene 95 £2-143

| Bremofluorobenzene 140 59-150 i
| |

MSD Lab ID: QC96Q07

| 1
| Analyte Spike Added  MsSD tRec # Limits RPD # Limit |
{ 1
I 1
| Gasoline €7-C12 10 36.8 -94 * 55-134 18 30

} |
| Surrogate %Rec Limits

L |
] 1
| Trifluorctoluene 96 62-143 |
| Bromofluorcbenzene 155+ 59-150 |
- |

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 out of 1 ocutside limits

Spike Recovery: 2 out of 2 outgide limits




c Curtis & Tompkins, Lid.

Page 1 of 3

.. TVH-Total Volatile Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 5030
Location: Redwood Regional Park

f |
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
f !
| 138934-002 HP-01-GW 47584 04,/14/99 04/22/99 04/22/99 I
f 138934-005 HP-02-GW UNFILTERED 47584 04/14/99  04/23/99  04/23/99 |
| 138934-007 HP-03-GW 47584 04/14/99 04/22/99 04/22/99 |
] 138934-009 HP-04-GW 47584 04/14/99  04/22/99  04/22/99 |
: ]

Matrix: Water

[ 1
| Analyte Units 138934-002 138934-005 138534-007 138934-009 |
| Diln Fac: 1 10 1 1

| J
I 1
| Gascline C7-C12 . ug/L 1300 YH “31000. B - 3700 H 67 Z

{ |
i 1
| Surrogate |
| i
I t
| Triflusrotoluene $REC 108 122 113 108 ]
| Bromofluorobenzene $REC 113 147 169 * 107 |
L |

Values cutside of QC limits
Sample exhibits fuel pattern which does not resemble standard
Sample exhibkits unknown single peak or peaks

: Heavier hydrocarbons than indicated standard

o S I




ple Name :

FileName

Method ;. TVHBTXE
rt Time : 0.00 min
le Factor: =-1.0

0

GC19

138934-002,47584

¢ GiAGCLO\DATANLLZ2X011. raw

End Time

Plet Offsec:

TVH 'X'

Data File (FID)

Sample #: Page 1 of 1

Date : 4/23/99 12:50 PM

Time of Injection: 4/22/99 (5:33 PM

Low Point : 3.73 mVv High Peoint ; 253.73 mv
Plot Scale: 250.C mV

Response [mV]
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Sample Name : 138934-
FileName : GiZGC19
Method : TVHBTKE
Start Time : 0,00 mi

Scale Factor: =1.0

0

GC1lS TVH 'X' Data File (FID)

Page 1 of 1

005,47584 Sample #:
\DATAN112X024 . raw Date : 4/23/%% 12:50 PM

Time of Injection: 4/23/99 D0DZ:14 MM
n End Time  26.80 min Low Point : 4.14 mVv

Plot Offset: 4 mV Plot Scale: 250.0 mV

Response [mV]

High Point :

254.14 mv
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GC19 TVH 'X' Data File (FID)

Sample Name : MSS,138934-007, 47384 Sample #: Page 1 of 1
FileName 1 GiA\GCI9\DATAN112X012. raw Date : 4/23/99 12:50 PM
Chod : TVHBTAE Time of Injecticn: 4/22/9% 06:14 PM
art Time : 0.00 min End Time : 26,80 min Low Point : 3.64 mV High Point : 253,64 nVv
ale Factor: -1.0 Flot Offset: 4 mv Plot Scale: 250.0 mV

Responge [mV]

— —_ — - —_ ] (] 3
ha £ [o] oo [ar] M i [or] (o] [ %] I
Hl|flIITIII!|IiIITilII|IIIITI!II|IIIITIIH|IIIIT;!II|IIHTIIHIIEIITIIII|IIIITIHI|IIIIT;HI|1IIITEIII|IlIIT;JIl|IIIIT]III|I
HF

G

=009~

4

¥
oo oo

TRIFLUO — — 7862

al g
ol

Zl

. G TS E D IS SN am
9

Tl

NI

EROMOF - : -

7 i

)

i

;— s

i

i

gZ
iy
[0 3
(S Te]

— 5|




GC1l9 TVH 'X’

Sample Name : 138934-009,47584

Data File (FID)

Sample #:

Page 1 of 1

FileName T GIN\GCL9\DATAN11ZXC17.raw Date : 4/22/89 10:01 pM
Method 1 TVHBTYE Time of Injection: 4/22/99 09:34 BM
Start Time : 0.0C min End Time ; 26.80 min Low Point : 4.04 mV High Point : 254.04 mV
Scale Factor: ~=1.0 Plot Offset: 4 mv Plot Scale: Z50.0 mV
Response [mV]
— —_— — — — [ ] o] L]
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c Curtis & Tormpkins, Lid.

Page 1 of 3

f L
[ BTXE |
I —
| Clienc: Stellar Environmental Solutions Analysis Method: EPA 8021B |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park I
L i
[ L
| Sample # Client ID Batch #  Sampled  Extracted Analyzed Moisture |
L |
I 1
| 138934-002 HP-01-GW 47584 04/14/99 04/22/99 04/22/9% [
| 1282534-005 HP-02-GW UNFILTERED 47584 04/14/99  04/23/99  04/23/9%9 |
| 138934-007 HP-03-GW 47584 04/12/95 04/22/99 04/22/99 |
| 138934-009 HP-04-GW 47584 04/14/99 04/22/99 04/22/99 |
L J
Matrix: Water
B
Analyte Units 138934-002 “Ma934-005 138934-007 138934-009 |
Diln Fac: : 1 10 1 1 |
I}
1 I
| MTBE ug/L <2 260 31 15 |
| Benzene ug/L <0.5 7690 25 <0.5
} Toluene ug/L <0.5 1z ¢ a.71C <0.5
| Ethylbenzene ug/L <0.5 1100 130 <0.5
| m,p-Xylenes ug/L 0.67C g1c 39 <0.5
| o-Zylens ug/L <0.5 23 1.5 <0.5
| —
| Surrcgate |
} —
! Trifluorctoluene $REC 95 113 103 95 |
| Bromofluorabenzene $REC 100 115 119 97 |
L |

C: Presence of this compound confirmed by second column,
however, the confirmation concentration differed from the reported
result by more than a factor of two

U EE O N D N N B R OE B B D B EE B T e e
—




c Curtis & Tormpkins, Lid.

Page 2 of 3

j fﬁHaTQta1 Volatile Hydrocarbons

Client: Stellar Envirenmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 5030
Location: Redwood Regicnal Park

T NS DERp—

I v T
| Sample # Client ID Batch #  Sampled  Extracted Analyzed Moisture |
| |
| 1
| 138934-011 HP-05-GW 47584 04/14/99 04/22/99 04/22/99 |
| 138934-014 HP-06-GW 47584 04/14/99 04/23/99 04/23/99 |
| 138934-016 HP-07-GW 47584 04/14/99 04/23/99 04/23/99 |
| 138934-018 HP-08-GW 47637 04/14/99 04/26/99 04/26/99 |
L |

Matrix: Water

| 1
| Analyte Units 138934-011 138934-014 138934-018 138934-018 |
| Diln Fac: 1 10 10 5 |
1 |
{ 1
{ Gasoline C7-C12 ug/L <50 54000 H 42000 H 13000 H |
1 !
}| Surrogate |
| i
! . :
| Trifluorotoluene $REC 109 115 118 107

| Bromofluorobenzene $REC 107 142 144 125 |
L |

H: Heavier hydrocarbons than indicated standard




l GCl9 TVH 'X' Data File (FID)
Sample Name : 138934-014,47584 Sample 4: Page 1 of 1
FileName o GIAGCI9\DATANL1LZX02Z . raw Date : 4/23/99 01:21 AM
thod : TVHBTXE Time of Injecticn: 4/23/99% 12:54 AM
rc Time 0,00 min End Time : 26,80 min Low Point @ 4.16 mV High Point : 254,16 mv
le Factor: =~1.0 Plet Offset; 4 mv Plot Scale: 25Q.0 mV

Response [mY]
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Sample Name :

138934-016, 47584

GC1l9 TVH

Data File (FID)

Sample #: Page 1 of 1

FileName : G:AGC19\DATAN112X023 . raw Date : 4/23/9% 02:02 hM
Methed : TVHBTXE Time of Injection: 4/23/99 01:34 AM
Start Time : 0.00 min Low Polnt : 4.11 mV High Point : 254.11 mV
Scale Factor: -1.0 Plot Szale: 250.0 mV
Response [mV]
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' GCl9 TVH 'X' Data File (FID)
Sample Name : RR,138934-018,47637 Sample #: Page 1 of 1
FileName v GiANGCLY9NDATANLLEXC2D. raw Date : 4/26/99 04:59 AM
hod ¢ TVHBTXE Time of Injecticn: 4/26/99 ©C4:32 AM
rt Time ; .00 min End Time : 26.80 min Low Point : 4.49 mV High Point : 254.4% mv
le Facter: -1.0 Plot Offset: 4 mV Flot Scale: 250.0 mV
I Response [mV]
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c Curtis & Tompkins, Ltd.

Page 2 of 3

r 1
| BTXE |
| {
I 1
| Client: Stellar Environmental Solutions Analysis Method: EPA 8021B |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regicnal Park |
1 —
i 1
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
1 |
i 1
| 138934-011 HP-05-GW 47584 04/14/99  04/22/99 04/22/99 i
| 138934-014 HP-06-GW 47637 04/14/92 04/26/99 04/25/99 |
| 138934-016 HP-07-GW 47637 04/14/99  04/26/99  04/26/99 I
| 138934-018 HP-08-GW 47637 0D4/14/99  04/26/99  04/28/99 [
L |
Matrix: Water

I 1
| Analyte Units 138934-011 138934-014 138934-016 128934-018 |
| Diln Fac: 1 25 25 5 |
1 |
I 1
| MTBE ug/L 18 190 230 120 i
| Benzene ug/L <0.5 830 750 150 i
| Toluene ug/L <D.5 <13 49 5.4C |
| Ethylbenzene ug/L <0.5 2800 2500 570 f
| m,p-Xylenes ug/L <0.5 10000 4800 860

| o-Xylene ug/L <0.5 1000 430 71

| !
| surrogate |
| |
| |
| Trifluorotoluene %REC 98 96 96 97 |
| Bromofluorobenzene $REC 98 100 100 103

L |

C: Presence of this compound c¢onfirmed by second column,
however, the confirmation concentration differed from the reported
result by more than a facteor of twe




‘ Curtis & Tompkins, Ltd,

Page 3 of 3

‘TVH-Total Volatile Hydrocsarbons

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 929012 Prep Methed: EPA 5030
Location: Redwood Regiocnal Park

| t
| sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
{ |
I 1
| 128934-020 HP-09-GW 47637 04/14/99 04/26/99 04/26/99

| 138934-022 HP-10-GW 47637 04/14/99 04/26/99 a4/26/99 |
i J

Matrix: Water

I 1
| Analyte Units 138934-020 138934-022 |
| Diln Fac: 20 5 |
’ %
| Gasoline C7-C1z ug/L 40000 H 23000 H

| —
| surrogate i
| f
| 1
| Trifluorotoluene $REC 108 108 |
| Bromofluorobenzene %REC 119 146

L )

H: Heavier hydrocarbons than indicated standard




Sample Nare :

FiieName
Metrhod

Start Time

RR, 138934-020, 47637
o GINGCIADATAN1LEXO019, raw

: TVHBTXE

Scale Factor: -1.0

0

: 0.00 min
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GC1l9 TVH

Data File (FID)

Sample #: Page 1 of 1

Date : 4/26/99 (4:18 AM

Time of Injection: 4/26/99 03:51 AM

Low Poaint @ 4.57 mV High Point : 254,57 mV
Plot Scale: 250.0 mV

Response [mV]
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GC1l8 TVH 'X' Data File (FID)

ille Name : RR,13B834-022,47637 Sample #: Page 1 of 1

rileName ¢ G:AGULI9\DATAN11SX021. raw Date : 4/26/9% (8:00 AM

“Yethod : TVHBTXE Time of Injection: 4/26/%99 05:12 AM

5] t Time : 0.0C min End Time 1 26.80 min Low Point : 4,70 mV High Point : 254.70 mV
e Factor: -1.0 Plot Qffset: & mV Plot Scale: 250.0 mV

Responge [mv]
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GC1l9 TVH 'X' Data File (FID)
Sample Name : CCV/LCS,QCY5B15, 99WST7360, 47564 Sample #: GAS Page 1 of 1 l
FileName t GIANGCIINDATAN112X00Y . raw Date : 4/22/99 11:02 AM
Method : TVHBTXE Time of Injection: 4/22/99% 10:35 AM
Start Time : Q.00 min End Time : 26.80 min Low Point : 4,63 mV High Point : 254.63 mV
Scale Factor: -1.0 Plot Qffset: 5 my Flot Scale: 250.0 mv l
Response [mV]
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c Curtis & Tormpkins, Lid.

Page 3 of 3

[ 1
| BTXE |
| |
| client: Stellar Environmental Solutions Analysis Method: EPA 8021B
| Project#: 99012 Prep Method: EPA 5030
| Location: Redwood Regional Park |
L |
r !
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| |
| 1
| 138934-020 HP-09-GW 47637 04/14/99 04/26/99 04/26/99 f
| 138934-022 HP-10-GW 47637 04/14/99 04/26/99 04/26/99 |
| |
Matrix: Water
| 1
| Analyte Units 138924-020 138934-022 !
| Diln Fac: 20 5 |
| |
[ |
| MTBE ug/L 200 57
| Benzene ug/L 1700 53
| Toluene ug/L 110 3.2¢
| Ethylbenzene ug/L 2100 600 |
| m,p-Xylenes ug/L 6200 920 |
| o-Xylene ug/L £90 B |
| F|
| 1
| Surrogate l
g {
f 1
| Trifluorotoluene 3REC 99 99
| Bromofluorcbenzene FREC 102 108
L )

[p]

Presence of this compound confirmed by second column,
however, the confirmation concentration differed from the reported
result by more than a factor of twe




Lab #: 138934

BATCH QC REPORT

c Curtis & Tompking, Lid.

Page 1 of 1

TVH-Tatal Volatile Hydrocarbons'

f t
| |
| |
| Client: Stellar Environmental Solutions Analysis Method: EPA B015M |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regional Park

L |
| 1
i METHOD BLANK |
| ]
| 1
| Matrix: Water Prep Date: 04,/22/39 |
| Batch#: 47584 Analysis Date: 04/22/99 |
| Units: ug/L |
| Diln Fac: 1 I
| !
MB Lab ID: QC95B817

| 1
| Analyte Result |
| j
| 1
| Gasoline c7-ci12 <50 |
| |
| Ssurrogate %Rec Recovery Limits i
— |
| Trifluorotoluene 96 53-150 |
| Bromofluorobenzene 94 53-149 |
L J




c Curtis & Tormpking, Lidl.

Lab #: 138934 BATCH QC REPORT Page 1 of 1
r _

| ' X BTXE

! B

I

| Client: Stellar Environmental Solutiocns Analysis Method: EPA 8021B

| Project#: 99012 Prep Method: EPA 5030

| Location: Redwood Regional Park

[

MELTHOD BLANK

Batch#: 47584 Analysis Date: 04/22/99
Units: ug/L

Diln Fac: 1

!
I
I
| Mabrix: Water Prep Date: 04/22/99
|
|
L

MB Lab ID: QC85817

; 1
| Analyte Result

| —
| MTBE <2.0 |
| Benzene <0D.5

| Toluene <0.5 |
| Ethylbenzene <0.5

| m,p-Xylenes <0.5 I
| o-Xylene <0.5 !
| |
| Surrogate %Rec Recovery Limits

L |
r |
| Trifluorotoluene 83 51-143

| Bromofluorobenzene 84 37-146 !
L |

IHr BN = E BN o8 - I B BN EE Dw B B .




Lab #: 138934

BATCH QC REPORT

c Curtis & Tormpkins, Ltd,

Page 1 of 1

TVH-Total Volatile Hydrocarbons

I 1
| |
| i
| Client:  Stellar Environmental Sclutions Analysis Method: EPA 8015M f
| Project#: %9012 Prep Method: EPA 5030 ]
| Location: Redwood Regional Park

* i
i METHOD BLANK i
I |
f |
| Matrix: Water Prep Date: 04/25/99 |
| Batch#: 47637 Analysis Date: 04/25/99

| Units: ug/L |
| Diln Fac: 1 |
| j

MB Lab ID: QC96024

f 1
| Analyte Result |
I ~
| Gasoline C¢7-C1z <50 |
| |
f |
| surrogate %Rec Recovery Limits |
— }
| Trifluorotoluene 93 53-150 |
| Bromofluorcbenzene 92 53-149 |
! I




c Curtis & Tompkins, Lid,

Lab #: 138934 BATCH QC REPORT Page 1 of 1
BTXE

Client: Stellar Environmental Sclutions Analysis Method: EPA 8021B

Project#: 29012 Prep Method: EBA 5030

Location: Redwood Regional Park

METHOD BLANK:

Matrix: Water Prep Date: 04/25/99

Batch#: 47637 Analysis Date: 04/25/99
Units: ug/L

Diln Fac: 1

MB Lab ID: QC95024

| 1
| Aanalyte Result

'L |
| MTEBE 2.0 |
| Benzene <0.5

| Toluene <0.5 |
| Ethylbenzene <0.5 |
| m,p-Xylenes <0.5

| o-Xylene <0.5

F {
[ Surrogate %Rec Recovery Limits |
L |
| |
| Trifluorotoluene 81 §1-143

| Bromefluorcbenzene B3 37-146

L J




c Curtis & Tompking, Ltdl.

Lak #: 138934 BATCH QC REPORT Page 1 of 1

TVH-Tatal Volatile Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 5030

LABORATORY CONTROL SAMPLE

Matrix: Water Prep Date: 04/22/99
Batchi: 47584 Analysis Date: 04/22/99
Units: ug/L

I }
| |
H 2
| |
| f
| Location: Redwood Regional Park I
| :
f |
t I
| |
I |
l
| Diln Fac: 1 |
1 I

LCS Lab ID: QC95815

f —
| Analyte Result Spike Added  %Rec #  Limitg |
| i
i 1
| Gasgoline C7-C12 1838 2000 92 77-117 |
| |
! 1
| Surrogate %Rec Limits |
: -
| Trifluorctoluene 100 53-150 |
| Bromofluorobenzene 109 53-149

L I

# Column to be used to flag recovery and RPD values with an asterisk
* Yalues outside of QC limits
Spike Recovery: 0 out of 1 outside limits




c Curtis & Tormpkins, Lid.

Lab #: 138934 BATCH QC REPQRT Page 1 of 1
BTXE
Client: Stellar Environmental Sclutions Analysis Method: EPA BO021B
Project#: 92012 Prep Method: EPA 5030

Location: Redwood Regional Park

LABORATORY CONTROL SAMPLE

Matrix: Water Prep Date: 04/22/99
Batch#: 47584 Analysis Date: 04/22/99
Units: ug/L

Diln Fac: 1

-l ]

LCS Lab ID: QC95814

i 1
| Analyte Result Spike Added $Rec # Limits |
| J
I ]
| MTBE 15.5 20 78 66-126 |
| Benzene 16.64 20 83 65-111

| Toluene 17.32 20 87 76-117 |
| Ethylbenzene 17 .26 20 86 71-121 |
| m,p-Xylenes 36.08 40 90 80-123 |
| e-Xylene 16.74 20 84 75-127 |
; —
| surrogate $Rec Limits |
; {
| Trifluorotoluene 86 51-143 |
| Bromofluoraobenzene 87 37-146

1 H

Column to be used to flag recovery and RPD values with an asterisk
Values outside of QC limits
pike Recovery: 0 out of 6 outside limits

N * 3




c Curtis & Tompkins, Ltd.

Lab #: 138934 BATCH QC REPORT Page 1 of 1

TVH-Total Volatile Hydrocarbons

Client: Stellar Envireonmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 5030
Location: Redwood Regional Park

1

|

1'

|

l

I

I
LABORATORY CONTROL SAMPLE ' i
-
|

|

{

|

s
|
i
f
|
I
|
|
|
L
|
|
|
|
|
1

Matrix: Wacer Prep Date: 04/25/99

Batch#: 47637 Analysis Date: 04/25/9%9

Units: ug/L

Diln Fac: 1

LCS Labh ID: QC%6022
| 7
| Analyte Result Spike Added %Rec #  Limits
| i
| 1
| Gasoline ©7-C12 1879 2000 94 77-117 |
| |
I |
| Surrcgate $Rec Limits
| J
] I
| Trifluorotoluene 100 53-150 |
| Bromofliuocrobenzene 115 53-149
i |

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
Spike Recovery: 0 out of 1 outside limits




c Curtis & Tompkins, Ltd,

Lab #: 138934 BATCH QC REPORT Page 1 of 1
BTXE
Client: Stellar Environmental Solutions Analysis Methed: EPA 8021B
Project#: 99012 Prep Method: EPA 5030
Location: Redwood Regicnal Park

LABORATORY CONTROL SAMPLE

Matrix: Water Prep Date: 04/25/99
Batchy: 47637 Analysis Date: 04/25/99
Units: ug/L

Diln Fac: 1

LCS Labk ID: QC3%6023

r 1
I | Analyte Result Spike Added %Rec # Limits |
| i
| 1
| MTBE 15.56 20 78 66-126 |
| Benzene 16.98 20 85 65-111 |
| Toluene 18.33 20 92 76-117
| Ethylbenzene 18.28 20 91 71-121 |
| m,p-Xylenes 38.36 40 96 80-123
| o-Xylene 17.81 20 89 75-127 |
| |
f |
' | Surrogate %Rec Limits |
L |
| !
| Trifluorotoluene 88 51-143
| Bromofluorobenzene 92 37-146
| :
# Column to be used to flag recovery and RPD values with an asterisk
'* Values outside of QC limits
Spike Recovery: 0 out of 6 outside limits

i




c Curtis & Tompkins, Lidl.

Lab #: 138934 BATCH QC REPORT Page 1 of 1
" BTXE
Client;: Stellar Environmental Solutions Analysis Method: EPA 8021B
Project#: 29012 Prep Method: EPA 5030

Location: Redwood Regional Park

MATRIX SPIKE/MATRIX 3Piix DUPLLCATHE

Field ID: HP-03-GW Sample Date: 04/14/99
Lab ID: 138934-007 Received Date: 04/15/99
Matrix: Water Prep Date: 04/22/99
Batch#: 47584 Analysis Date: 04/22/99
Units: ug/L

Diln Fac: 1

MS Lab ID: QC25818

I 1
hnalvyte . 8Spike Added Sample MS tRec # Limits
134 P |
|
[ 1
| MTBE 20 30.9 45.69 74 49-136 |
| Benzene 20 24.85 42.44 88 55-122 |
i Toluene 20 0.71 21.97 106 63-139 |
! Ethylbenzene 20 133.6 142.8 46 *  61-137
| m, p-Xylenes 40 18.83 7%.53 102 57-148 |
| o-xylene 20 1.53 21.2 98 70-1i41 |
| |
[ 1
| Surrcgate iRec Limits |
L ]
! 1
| Trifluorotoluene 105 51-143 |
| Bromofluorobenzene 121 317-146 |
L 1

MSD Lab ID: QC95819

1
i Analyte Spike added  MSD %Rec # Limits RPD # Limit |
L |
[ 1
| MTBE 20 46.93 80 49-136 3 11
| Benzene 20 42.12 86 55-122 1 10 |
| Toluene 20 20.82 101 63-139 5 10 I
| Ethylbenzene 20 138.4 24 * 61-137 3 10 |
| m,p-Xylenes 40 78.93 100 57-148 1 10 |
| o-Xylene 20 21.63 101 70-141 2 10 |
1 |
I i
| Surrogate tRec Limits |
i |
{ I
| Trifluorotoluene 104 51-143 [
| Bromofluorcbenzene 119 37-146
L |

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits

RPD: 0 ocut of 6 outgide limits

Spike Recovery: 2 out of 12 outside limits

HE R N = e B




c Curtis & Tomipkins, Lid,

Lab #: 138934 BATCH QC REPORT Page 1 of 1
. BTXE
Client: Stellar Environmental Seolutions Analysis Method: EPA 8021B
Project#: 99012 Prep Method: EPA 5030

Location: Redwood Regional Park

MATRIX SPIKE/MATRIX SPIKE DUPLICATE: .

Field ID: Z2ZZZZ Sample Date: 04/14/99
Lab ID: 138532-003 Received Date: 04/14/99
Matrix: Water Prep Date: 04/25/99
Batchi#: 47637 Analysis Date: 04/25/99
Units: ug/L

Diln Fac: 1

o e ————— e e

MS Lab ID: QC98025

1
| Analyte Spike Added Sample MS 3Rec # Limits |
- —
| MTBE 20 <2 17.84 89 49-136 |
, | Benzene 20 <0.5 17.69 88 55-122 |
| Toluene 20 <0.5 18.93 95 63-139 |
| Ethylbenzene 20 <0.5 18.86 94 61-137 |
| m,p-Xylenes 40 <0.5 39.64 53 57-148 |
| o-Xylens= 20 <0.5 18.53 93 70-141 |
- —
' | Surrcgate %Rec Limits
| |
[ 1
| Trifluorotoluene 100 51-143 |
| Bromofluorcbenzene 101 37-146 |
| }

MSD Lab ID: QC96026

f 1
| Analyte Spike Added  MsD %Rec # Limits RPD # Limit |
— |
I 1
| MTBE 20 18.03 920 49-136 1 11

' | Benzene 20 17.97 90 55-122 2 10 |
| Toluene 20 19.28 96 63-1389 2 10 |
| Ethylbenzene 20 19.21 96 61-137 2 10 |
|| m,p-Xylenes 40 40.36 101 57-148 2 10 |
| o-Xylene 20 18.84 94 70-141 2 10

} |
| surrogate $Rec Limits |
| |
[ 1
| Trifluorotoluene 94 51-143 |
| Bromofluorchenzene 97 37-146 |
L i
# Column to be used to flag recovery and RPD values with an asterisk

*

Values cutside of QC limits
RPD: 0 out of 6 ocutside limirs
Spike Recovery: 0 out of 12 outside limits




c Curtis & Tormnpkins, Ltd.

Page 1 of 3

TEH-Tot Ext Hydrocarbong

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: CA LUFT
Location: Redwood Regional Park

I 1
| sample # Client ID Batch # Sampled  Extracted Analyzed Moisture |
L |
] |
| 138934-001 HP-01-17.5' 47503 04/14/93 04/13/99 na/22/99 |
[ 138934-003 HP-02-14' 47503 04/14/99 04/19/9%9 04/24/99 |
| 138934-006 HP-03-13" 47503 04/14/99 04/19/99 04/22/99 |
| 138934-008 HP-04-15" 47503 04/14/99 04/189/99 C4/22/99 |
L |

Matrix: Soil

|
Analyte Units 138%34-001 138234-003 138934-006 138534-008 I
Diln Fac: 1 50 1 1

|

|
Diesel C10-C24 ng/Kg 3.8YLZ 640 YL 5.BYLZ 1.7YLZ|

]

|

I

1

I

]

4

i

| Surrogate
-

| Hexacosane LREC 106 DO 99 104
L

L

DO: Surrogate diluted out

Y: Sample exhibits fuel pattern which does not resemble standard
Z: Sample exhibits unknown single peak or peaks

L: Lighter hydrocarbons than indicated standard

i
i
I
._
1
i
i
i
I
i
i
i
i
i
i
1
1
i
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JR .

Chromatogram
ple Name : 139934-001, 47503 Sample #: 47503 Page 1 of 1
FileName : C:\GC15\CHB\110BO4B.RAW Date : 4/22/99 01:51 PM
1 BOBZTEH.MTH Time of Injection: 4/22/9% 01:18B PM
art Time : 0.C1 min End Time : 31.91 min Low Point @ =1.98 mV High Point : 844,11 mv
ale Factor; .0 Plot Offset: =2 mV Plot Scale: 846.1 mV

Response [mV]
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Chromatogram

Szmple Name : 138934-003,47503 Sample #: 47503 Page 1 of 1
FileName : G:\GC11\CHA\I112A054 . RAW Date : 4/24/9%% 04:12 PM
Method : ATEHO55.MTH Time of Injection: 4/24/9% 05:33 AM
Start Time : 0.01 min End Time : 31-.91 .ain Low Point : 7.38 mV High Peint : 450.31 m¥
Scale Factor: Plot Offset: 7 m¥V Plot Scale: 442.% mV
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Chromatogram
ole Name : 1389%34-008, 47503 Sample #: 47503 Page 1 of 1
FileName 1 C:\GC15\CHB\11QBO5G. RAW Date : 4/22/99 04:02 PM
Method : BOB2TEH.MTH Time of Injection: 4/22/99 02:43 PM
art Time : Q.01 min End Time 1 31,91 min Low Point : -14.76 mv High Poeint : 876.75 mV
lale Factor: 0.0 Plot Offset: -15 mV Plot Scale: BG1.5 mV
Response [mV]
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Sample MName :
FileName
Method

[uw] awi

138934-00847503

¢ C:\GC15\CHE\110BO51.RANW
: BO82TEH.MTH

Chromatogram

Sample #: 47502
Date : 4/22/99 04:03 PM
Time of Injection: 4/22/9% 03:26 PM

Page 1 of 1

Start Time : (.01 min End Time i 31.91 min Low Point : 9.33 mV High Point : 369.4% mV
Scale Factor: 0.0 Plot Offset: 9 mV Flot Scale: 360.2 mV
Response [mV]
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c Curtis & Tompkins, Lid.

Page 2 of 3

. TEH-Tot Ext Hydrocarbong

Location: Redwood Regional Park

|

| ¢lient: Stellar Environmental Solutions Znalysis Method: EPA B015M
| Project#: 99012 Prep Method: CA LUFT

|

L

[ 1
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| ]
[ |
| 138934-010 HP-05-15" 47503 04/14/99 04/18/99  04/22/99 |
| 138934-012 HP-06-11" 47503 04/14/99  04/19/99 04/23/99 |
| 138934-015 HP-07-12° 47503 04/14/99  04/19/99 04/23/99% |
! |
L J

138934-017 HP-08-15.5" 47503 04/14/9% 04/19/9% 04/22/99

e N NS O PR O e

Matrix: Soil

[ 1
| Analyte Units 138934-510 138934-012 138934-015 138934-017 |
| biln Fac 1 5 5 1 |
i !
Diesel C10-C24 mg /Kg 4.3YL 360 YL 340 YL 83 YL
g
: i
| Surrogate !
- |
| Hexacosane SREC 105 98 106 101 |
L J

Sample exhibits fuel pattern which does ncot resemble standard
: Lighter hydrocarbons than indicated standard

G




. Chromatogram
Sample Name ; 138934-01C,47503 Sample #: 47503 Page 1 of 1
Fil=Name : GIA\GCIINCHAN11ZA007 . RAW Date : 4/23/9% 09:17 AM
Method : ATEH055.MTH Time of Injection: 4/22/99 Q06:03 PM
Start Time : 0.01 min End Time : 31.31 min Lew Point @ =5.73 mV High Point ; 544.72 mV
Scale Fact:or: 0.0 Plot Offset: -6 1V Pleot Scale: 550.5 mv

P

Cc-10

a

(AL
[ NTE
—IIORXD

4

C-12

L h

1

33
g8
34

VLA LU

C-18

1]8

.
—t

0o Oy

Ll

c-22

¥l

PLIED
=00
Lo
my Nl T B aE an T By W . =

C-24

L] auwy
gL

-]3

R O R T DR RO ST IR
ik e e e d Ak b Ak b bk s PO~ B O

LIELL
PININY b

oe

— OCOOWO 00 (i~ AODH UL ABL) L0 CRI == =0 O i e 3
= SO NED b O ARINDD R AR A NG

11
(¥}

C-36

P44
wolodoedwadrad s wehod nehodnobsdoalesdoaboduaadsedwbagdmdnobodeobodaabosbngdon
L

=5

¥z

nunn
3,88
Sty

[T Dt ]

[\
I~
<]

Bz

8z

C-50

1}

TS
A N oW am A




Chromatogram
lmple Name : 138934-012Z,47503 Sample #: 47503 Page 1 of 1
FlleName : GrAGCII\CHB\112B048.RAW Date : 4/24/99% 01:47 PM
Methad : BTEHO15X.MTH Time of Injection: 4/23/99 11:11 BM
art Time : 0.0Q min End Time : 31,390 min Low Point : ~22.06 mV High Point : 1024.00 mv
ale Factor: 0.0 Plot Offset: -2 mV Plot Scale: 1046.1 mV
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Chromatogram
Sample Name : 138334-015,47503 Sample #: 47503 Page 1 of 1
FileName ! GI\GC13\CHB\112B049.RAW Date : 4/24/%9 01:48 FM
Method : BTEHO15X.MTH ) Time of Injection: 4/23/39 11:53 FM
Start Time 1 0.00 min End Time ;31,939 min Low Point @ -22.01 mV High Point : 1024.00 mV
Scale Factor: 0.0 Plot Offset: =2I av Plot Scale: 1046.0 mV
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Chromatogram
mple Nams : msas, 138934-017,47502 Sample #: 47503 Page 1 of 1
FileName i G:N\GCIINCEAV11ZAO010.RARW Date : 4/23/99 09:59 AM
Method : ATEHOB5.MTH Time of Injection: 4/22/99 08:03 PM
art Time : 0.00 min . End Time 31,99 min Low Poink @ -21.27 mV High Point @ 1024.00 mV
ale Factar: 0.0 FPlot Offset: -21 mV Plet Scale: 1045.3 mV
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c Curtis & Tompkins, Ltd,

Page 3 of 3

-_'TEH-Tot Ext Hydrocarbons

Client: Stellar Environmental Solutions hnalysis Method: EPA 8015M
Project#: 99012 Prep Method: CA LUFT
Locaticon: Redwood Regicnal Park

M 1
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
L |
[ 1
| 138934-019 HP-09-15" 47503 04/14/99 04/19/99 04/24/99 |
| 138934-021 HP-10-14" 47503 04/14/99  04/19/99 04/22/99 |
[ j

Matrix: Soil

i Analyte Units 138934-019 138934-021
| Diln Fac: 1a 1

I

i Diesel C10-C24 mg/Kg 630 YL 76 YL
l

i Surrogate

L

i Hexacosane $REC Do 104

t

DO: Surrcgate diluted out
Y: Sample exhibits fuel pattern which does not resemble standard
L: Lighter hydrocarbons than indicated standard




Chromatogram
Samplie Name : 138934-019,47503 Sample #: 47503 Page 1 of 1
FileName : G:\GC13\CHB\112B0OS0.RAW Date : 4/24/99 01:4% PM
thed : BTEHO15%.MTH Time of Injection: 4/24/99 12:35 AM
art Time : 0.0C¢ min End Time 1 31,90 adin Low Point : =21.%3 mV High Point : 1024.00 mV
ale Factor: 0.0 Plot Offset: -2z mV Plot Scale: 1045.9 mVv
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Chromatogram '
Sample Name : 1389534-021,47503 Sample #: 47502 Page 1 of 1 )
FileName : G:\GCIINCHA\112A012.RAW Date : 4/23/9% 09:38 hM
Method : ATEH0S55,.MTH Time of Injection: 4/22/99 09:24 PM
Start Time : 0.0C min End Time ¢ 31,90 min Low Point : -21.32 mV High Point : 1024.00 mV
Scale Factor: 0.0 Plot Offset: -21 =V Plot Scale: 1045.3 mV
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Chromatogram
Sample Name : ¥,ccy,39ws7346,dsl Sample #: 5Cimg/l Page 1 of 1
FileName : G:A\GC11\CHA\995A001.RAW Date : 4/22/9% 01:00 PM
od : ATEHO55.MTH : Time of Iniection: 4/22/99 12:14 FM
t Time : 0.01 min End Time ;. 31.¢1 min Low Point : -20.16 mV High Point : 648.1% mV
SE e Factor: 0.0 Plot Offset: =~20 mV Plot Scale: 666.4 mY
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c Curtis & Tormpkins, Lid.

Lab #: 138934 BATCH QC REPORT Page 1 of 1

TEH-Tot EXt Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: CA LUFT
Location: Redwood Regional Park

METHOD BLANK

Matrix: Seil Prep bate: 04/19/99
Batch#: 47503 Analysis Date: 04/21/99
Units: mg/Kg

Diln Fac: 1

1
|
|
!
|
|
|
!
I
|
1
|
|
|
I

J

MB Lab ID: QCS55527

i Analyte Result i
i Diesel Cl10-C24 <1.0 i
t |
i Surrogata %Rec Recovery Limics E

I
i Hexacosane 90 52-137 i
L |




c Curtis & Tompkins, Ltd.

Lab #: 138934 BATCH QC REPORT Page 1 of 1

TEH-Tot Ext Hydrocarbons

f ]
I I
- !
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 99012 Prep Method: CA LUFT |
| Location: Redwood Regional Park i
t E
| I
| |
|
|
I
L

LABORATORY  CONTROL SAMPLE

Diln Fac: 1t

1

Matrix:  Soil Prep Date: 04/19/99 |
Batchi: 47503 : Analysis Date: 04/21/99 |
Units: mg/Kg |
!

LCS Lab ID: QC95528

3 3
| Rnalyte Result Spike Added %Rec # Limits [
I |
I 1
| Diesel C10-C24 41.59 49.5 B4 52-117 |
| |
I 1
| Surrogate $Rec Limits |
I 1
| Hexacosane 93 52-137 |
{ ]

Column to be used to flag recovery and RPD values with an asterisk
Values outside of QC limits
Spike Recovery: O out of 1 outside limits

'#
*




C

Curtts & Tornpkins, Lid.

Lab #: 138934 BATCH QC REPORT Page 1 of 1
| ]
| TEH-Tot Ext Hydrocarbons |
| 3
| |
| Client: Stellar Envircnmental Sclutions Analysis Method: EPA B8015M |
| Project#: 29012 Prep Method: CA LUFT |
| Leecation: Redwood Regional Park

{ |
I - 1
| MATRIX SPIKE/MATRIX SPIKE DUPLICATE - |
| : |
[ 1
| Field ID: HP-08-15.,5' Sample Date: 04/14/99 |
| Lab ID: 138934-017 Received Date: 04/15/99 [
| Matrix: Soil Prep Date: 04/19/99 |
| Batch: 47503 Analysis Date: 04/23/99 |
| Units: mg/Kg I
| Diln Fac: 1 I
L }
MS Lab ID: QC95523

] 1
| Analyte Spike Added Sample Ms tRec # Limits |
’h |
| Diesel c10-C24 49, 82.65 128.3 g2 41-1335 |
; {
| Surrcgate %$Rec Limits i
| [}
I - F
| Hexacosane 100 52-137 f
- : |
MSD Lab ID: QC95530

] I
| Rnalyte Spike Added  MSD $Rec # Limits RPD # Limit |
] ]
L 1
| Diesel Cl0-C24 49.5 143.4 123 41-135 11 37 |
I F
| Surrogate $Rec Limits

L |
| |
| Hexacosane 96 52-137 |
L |

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits
RPD: 0 out of 1 outside limits
Spike Recovery: 0 out of 2 ocutside limits




c Curtis & Tompkins, L.

Page 1 of 3

TEH-Tot.Ext Hydrocarbons

Client: Stellar Envircnmental Solutions Rnalysis Method: EPA BO15M
Project#: 99012 Prep Method: EPA 3520
Location: Redwood Regional Park

Sample # Client ID Batch # Sampled Extracted Analyzed Moisture

138934-002 HP-01-GW 47490 04/14/39 04/16/99  04/22/99
138934-005 HP-02-GW UNFILTERED 47490 04/14/99 04/16/99 04/28/99
138934-009 HP-04-GW 47490 04/14/59 04/16/99 04/23/99
138934-011 HP-05-GW 47490 04/14/99  04/16/9%  04/23/99

Matrix: Water

Analvte Units 138334-002 138934-00@“ 138934-009 138534-011
Diln Fac: 1 S0 1 1

Diesel C10-C24 ug/L 850 LY 270000 W <50 <50

Surrogate

Hexacosane $REC a8 DO 95 99

- ] ———r— — —

DO: sSurrogate diluted out
Y: Sample exhibits fuel pattern which does not resemble standard
L: Lighter hydrocarbons than indicated standard

- Bk S Th I N R I R TR ) U R e TR M ER O .
——




May-19=-88 10:12am  From-CURTIS & TOMPKINS 5104860832 T-891 P 02/04 F-860

Cummis & Tormpkns, Lig.

Page 1 of
r —
| TEH-Tar Bxt Hydrocarbons [
— e
} Client: Stellar Environmental Solutions Analysis Mechod: EPA 8015M |
| Project#: 99012 Prep Method: EPR 3520 }
| Location: Redwood Regqional Park i
i 1]
b B i
| Sample # Client ID Batch ¥ Sampled Extracted Analyzed Moisture |
| E— ]
I —
! 139452-001 HP-03-GH 48109 04/14/99 05/17/99 05/18/9% ]
& 1
Macrix: WATe:
F }
| Analyte Unics 135452-001 |
| Dila Fac: b |
| E— d
k 1
| Diesel C10-Cza ug/L 1400 YL [
L ]
! 1
| Surrogace I
b —1
| Hexacosane $REC 73 |
L )
¥: Sample exhibite fuel pattern which does net resemble scandard
L

: Laghter hydrocarbons than indicaced standard



Chromatogram
.mple Nam= : 138934-002, 47490 Sample #: 47490 Page 1 of 1
FiieName ¢ G:\GC11\CHAN\112A015. RAW Date : 4/23/99 (9:41 AM
thod : ATEHOCS5.MTH Time of Injection: 4/22/9%9% 11:25 PM
art Time : (.05 min End Time ;31,91 min Low Point : 2.38 mV High Point ; 207,17 v
ale Factuor: 0.0 Plot Qffset: 2 mV Plot Scale: 304.B mV
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Sample Nam= :

138934-005, 47490

Chromatogram

Sample 4: 47490

Page 1 cf 1
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FileName ¢ GrANGCIINCHANTITITAOLY . RAW Date : 4/28/99 04:51 PM
Met+-d : ATEHOS55.MTH Time of Injection: 4/2E,99 04:14 PM
Start Time : G.00 min End Time : 31.90 min Low Point : -21.62 mV High Point :
Scale Factor: 0.0 Mlot Cifsec: =22 m¥ Plot Scale: 1045.6 mV
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May=19-98 10:13am  From=CURTIS & TOMPKINS 5104860532 T-68! P 03704 F-4ED
Chromatogram
Sawple Name . 139452-001, 485109 Tawpie 1 48109 Page 1 ot 1
F1leNamw 1 G AGCIIACHAN L SBADUY . KAW Date : 5/13/9% 0Qu:54 Pm
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c Curtis & Tomkins, Lid.
Page 2 of 3
f ) !
| TEH-Tot Ext Hydrocarbons N
1 . ) 1
[ 1
| Client: Stellar Environmental Solutions Enalysis Method: EPA 8015M |
| Project#: 55012 Prep Method: EPA 3520 |
| Location: Redwood Regional Park |
L |
f I
| Sample # Client ID Batch # Sampled  Extracted Analyzed Moisture |
| |
1 1
| 138334-014 HP-06-GW 47490 D4a/14/99 04/16/99 04/24/99 |
| 138934-016 HP-07-GW 47490 04/14/99 04/16/99% 04/24/99 |
| 138934-018 HP-08-GW 47490 04/14/99  04/16/99 04/23/39 |
| 138934-020 HP-09-GW 47490 04/14/99 04/16/99 04/25/99 |
L J
Matrix: Water
T 1
| Analyte Units 138934-014 138934-01s& 138934-018 138534~020 |
| Diln Fae: 5 5 1 5 |
1 ]
{ |
i Diesel C10-C24 ug/L 16000 YL 150C0 YL 1900 LY 6700 YL |
t {
| Surrogate |
1 ]
I 1
| Hexacosane $REC 95 89 80 68 i
L 3

¥: Sample exhibits fuel pattern which does not resemble standard
L: Lighter hydrocarbons than indicated standard




Chromatogram
llnple Name : 138934-014,475.2 : Sample #: 47490 Page 1 of 1
FileName + G:\GC13\CHB\112B052.RAW NDate : 4/24/99 01:33 PM
Methed : BTEHO15X,.MTH Time of Injection: 4/24/99 01:58 AM
art Time : 0.00 min End Time 1 31.%0 min Low Point : -21.70 mV High Point : 1024.00 mv
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Chromatogram
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Chromatogram
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‘ Chromatogram l
Sample Name : 128934-020,47490 Sample ¥: 47490 Page 1 of 1
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Method : ATEHO35.MTH Time of Injection: 4/25/9% 12:59 PM
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Scale Factor: 0.0 Plot Qffset: =21 mVv Plot Scale: 1044.9 mV
3 N9 s g 3 3 3 8 2 l
=1 (=1 =1 8 E 8 2 [=1 =1
. 1)
[, PR
= Vo F+P l
— - e =]-
= e — =]
N—{C-10 - E =1 '
s=c12 - ?ggg
= =435
= = 517
f— -4
= —-56.82 '
— -
= E =746
“Sew - a2
= -9.23
= ] -3.65
o= -10.16
NE |
i
Se22 - e -13.57
-l_ by
= - T —-14.18
o4 _9Cc-24 = 7 —14.79
J 4 EFH.E__ =15.22
N -
—
EXal '
EI—— = —16.89
— = =}4-
e : e[
e .
= = —18.48 '
= —19.48
== -
= = —-20.48 '
He-36 -
H'—_
— = —22.45
- = -22.9,
= = —-23.45 |
hy_ ] 4 —-23.93
= = -24.41
— ] —24 96
M = p -25.61
e 3 -26.37
(O I
=
——c-s0 -
= '
[ = R




‘ Curtis & Tompkins, Lid.
Page 3 of 3

[ PR 1
| -+ TEH-Tot Ext Hydrocarbons I
[ L N J
I |
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 99012 Prep Method: EPA 3520 I
{ Location: Redwood Regional Park |
{ 1
I 1
| sSample # ¢lient ID Batch #  Sampled  Extracted IAnalyzed Moisture |
I |
{ |
| 138934-022 HP-10-GW 47490 04/14/99 04/16/9%9 04/24/99 |
L 1

Matrix: Water

[ 1
| Analyte Units 139934-022 |
| Diln Fac: ' 5 |
£ i
¢ 1
{ Diesel C10-C24 ug/L 8400 YL |
E ]
| Surrogate i
| i
| Hexacosane $REC 67 |
L |

Sample exhibits fuel pattern which does not resemble standard
Lighter hydrocarbons than indicated standard

[




Chromatogram
Sample Name : 138934-022,47503 Sample §: 47490 Page 1 of 1
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Scale Factor: 0.0 Plot Offser: =21 mV plat Scale: 1045.5 mV
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Diln Fac: 1

‘ Curtis & Tornpkins, Ltd,
Lab #: 138934 BATCH QC REPORT Page 1 of 1
. R T 1
| TEH-Tot Ext Hydrocarbons I |
l NS : |
| 1
| Client: Stellar Envirommental Solutions Analysis Method: EPA BO1SM |
| Project#: 99012 Prep Method: EPA 3520 |
| Location: Redwood Regional Park |
1 ]
| — . i
i METHOD BLANE i il i
Lo G T |
F L
| Matrix: Water Prep Date: 04/16/99 |
| Batch#: 47490 Analysis Date: 04/24/99 |
| Units: ug/L [
I |
L H

MB Lab ID: QC55476

[ 1
| Analyte Result |
, :
| Diesel €lp-C24 <50 |
* =
| Surrogate %Rac Recovary Limits |
| |
[ e !
| Hexacosane 23 58-123 |
L |




Diln Fac: 1

c Curtis & Tompkins, Ltd.
Lab #: 138534 BATCH QC REPORT Page 1 of 1
I L
i TEY-Tot Ext Hydrocarboms. - ' a
t : . _ Sy
I i
| client: Stellar Environmental Seolutions Analysis Method: EPA B015M |
| Project#: 99012 Prep Method: EPA 3520 |
| Location: Redwood Regional Park |
- — . -
| BLANK SPIKE/BLANK SPIKS DUPLICATE .
I 1
| Matrix: Water Prep Date: 04/16/99 |
| Batch#: 47490 Analysis Date: 04/24/99 |
| Units: ug/L |
| |
L J

BS Lab ID: QC395477

i Analyte Spike Added BS %¥Rec # Limits i
|

|r Diesel C10-C24 2475 2066 83 50-114 i
| i
i Surrogate %Rec Limits i
i Hexacosane 102 58-128

L

BSD Lab ID: QC95478

i Analyte Spike Added BSD %Rec # Limits RPD # Limit i
i Diesel Cl0-C24 2475 2018 82 50-114 2 25 i
L

i Surrogate $Rec Limits i
i Hexacosane 98 58-128 i
1 |

# Column to be used to flag recovery and RPD values with an asterisk
Values outside of QC limits

REPD: 0 out of 1 ocutside limits

Spike Recovery: 0 out of 2 outside limits

*




' Lab#: 138934

Page 1 of 1

Curtis & Tompkins, Lid.

Client: Stellar Environmental Solutions

Analysis Method: EPA 300.0

Project #: 99012 Prep Method: EPA 300.0
Location : Redwood Regional Park
Sample # Client ID Batch# Sampled Analyzed Meoisture
138934-002 HP-01-GW 47476 14-APR-99 16-APR- %9 -
128334-005 HP-02-GW UNFILTERED 47476 14-APR-99 16-APR-99 -
138934-007 HP-03-GW 47476 14-APR-99 16-APR-99 -
138934-009 HP-04-GW 47476 14-APR-929 15-APR-99 -
1389234-011 HP-05-GW 47476 14-APR-99 16-APR-99 -
138934-014 HP-06-GW 47476 14-APR-99 16-APR-99 -
138934-016 HP-07-GW 47476 14-APR-99 16-APR-99 -
138934-018 HP-08-GW 47476 14-APR-29 16-APR-99 -
138534-020 HP-09-GW 47476 14-APR-99 1l6-APR-99 -
QC954132 Method Blank 47476 - 16-APR-3% -
Analyte: Nitrogen, Nitrate Matrix: Water Unita: mg/L
Reporting Dilution
Sample # Client ID Result Limit Factor
138934-002 HP-01-GW ND ¢.5 10
138934-005 HP-02-GW UNFILTERED ND 0.5 1a
138934-007 HP-03-GW ND 0.5 10
133234-009 HP-04-GW ND 0.5 10
138934-011 HP-05-GW 0.9 0.5 10
138934-014 HP-06-GW ND 0.5 10
138934-016 HP-07-GW ND 0.5 10
1383934-018 HP-08-GW ND 0.5 10
138934-020 HP-0%2-GW ND 0.5 10
RC95413 Method Blank ND 0.05 1

ND = None Detected at or above Reporting Limit




Lab#: 138934
Page 1 of 1

C

Client: Stellar Environmental Solutions

Analysis Method: EPA 300.0

Project #: 93012 Prep Method: EPA 3100.0

Location Redwood Regiscnal Park :

Sample # Client ID Batch# Sampled Analyzed

QRCS5414 Blank Spike 47476 - 16-APR-99

QC95415 Blank Spike Duplicate 47476 - 16-APR-99

Analyte: Nitrogen, Nitrate Matrix: Water Units: mg/L

Sample # Sample Type Spike Amt. Result %Rec Limits %RPD Limit
QC25414 Blank Spike 2.2560 2.270 100 80-120

QC95415 Blank Spike Duplicate 2.260 2.260 100  80-120

Curtis & Tompkins, Lid,




Lab#: 138934
Page 1 of 1

C

Curtis & Tomikins, Ltd,

Client: Stellar Environmental Solutions

Analysis Method: EPA 300.0

Project #: 99012 Prep Method: EPA 300.0

Location Redwood Regional Park

Sample # Client ID Batchi# Sampled Analyzed Moisture
QC954146 MS of 138923-006 47476 14-APR-99 16-APR-99 -
QCs%5417 MSD of 138923-006 47476 14-APR-99 16-APR-99 -
Analyte: Nitrogen, Nitrate Matrix: Water Units: mg/L

Sample # Client ID Spikeant Regult %Rec Limits %RPD Limit
RCS5416 MS of 138923-006 5.650 5.830 103 75-125

QCs85417 MSD of 138923-006 5.650 5.830 143 75-125 0 35
138923-006 ZZZZZZZZ <0.5000




Lab#: 138534
Page 1 of 1

Curtis & Tompkins, Ltd,

Client: Stellar Environmental Soiutions Analysis Method: EPA 300.0
Project #: 99012 Prep Method: EPA 300.0
Location Redwood Regional Park
Sample # Client ID Batchit Sampled Analyzed Moisture
138934-002 HP-01-GW 47476 14-APR-99 16-APR-99 -
138934-005 HP-02-GW UNFILTERED 47476 14-APR-99 16-APR-99 -
138534-007 HP-03-GW 47478 14-APR-99% 16-APR-99 -
138934-009 HP-04-GW 47476 14-APR-99 1l6-APR-99 -
138334-011 HP-05-GW 47476 14-APR-~99 16-APR-58% -
138934-014 HP-06-GW 47476 14-APR-5% 16-APR-99% -
138934-016 HP-07-GW 47478 14-APR-39 16-APR-59 -
138934-018 HP-0B-GHW 47476 14-APR-39 16-APR-99 -
138934-020 HP-09-GW 47476 14-APR-99 16-APR-9% -
QC95413 Methed Blank 47476 - 16-APR-99 -
Analyte: Sulfate Matrix: Water Units: wmg/L
Reporting Dilution
Sample # Client ID Result Limit Factor
1318334-002 HP-01-GW 60 5.0 10
138234-005 HP-02-GW UNFILTERED ND 5.0 10
1383%34-007 HP-03-GW &1 5.0 10
138934-005 HP-04-GW 70 5.0 10
138934-01]1 HP-05-GW 100 5.0 10
138934-014 HP-(6-GW 7.7 5.0 10
13B934-016 HP-07-GW 21 5.0 10
138534-018 HP-08-GW 10 5.0 10
138534-020 HP-09-GW 14 5.0 10
QC95413 Method Blank ND .50 1

ND = None Detected at or above Reporting Limit




Lab#: 138934
Page 1 of 1

Curlis & Tompkins, Lid.

Client: Stellar Environmental Solutions

Analysis Method: EPA 300.0
Project #: 99012 Prep Method: EPA 300.0
Location Redwood Regional Park
Sample # Client ID Batch# Sampled Analyzed Moisture
QCS5414 Blank Spike 47476 - 15-APR-99 -
QCa5415 Blank Spike Duplicate 47476 - 16-APR-929 -
Analyte: Sulfate Matrix: Water Units: mg/L
Sample # Sampie Type Spike Amt. Result %Rec Limits %RPD Limit
QC85414 Blank Spike 15.00 14.30 39 80-120
QC95415 Blank Spike Duplicate 15.00 14.64 98 80-120 2 25




Lab#: 1385934
Page 1 of 1

Curtis & Tomppkins, Ltd,

Client: Stellar Environmental Solutions
Project #: 99012
Location : Redwood Regional Park

Analysis Method: EPA 300.0
Prep Method: EPA 300.0

Sample # Client ID Batch# Sampled Analyzed Moisture
QC95416 MS of 138%23-006 47476 14-APR-99 l6-APR-99 -
QC95417 MSD of 138923-006 47476 14-APR-99 16-APR-99 -
Analyte: Sulfate Matrix: Water Units: mg/L

Sample # Client ID Spikeamt Result %Rec Limits %RPD Limit
QCak41g MS of 138923-006 37.50 51.46 89 75-125

QC95417 MSD of 138923-008 17.50 50.B2 97 75-125 1 35
13B923-006 ZZZZZ2ZZZ 14.25




Lab#: 138934 . .
Fage 1 of 1 c Curfis & Tompkins, Ltd.

Client: Stellar Environmental Solutions Analysis Method: WALKLEY-BLACK

Project #: 99012 Prep Method: WALKLEY-BLACK
Location : Redwood Regional Park

Sample # Client ID Batch# Sampled Analyzed Mcoisture
138934-004 HP-02-17.5' 47536 14-APR-99 20-APR~-99 -
138934-013 HP-06-11.5" 47536 14-APR-99 20-APR-99 -
QC95648 Method Blank 47538 - 20-APR-99 -
Analyte: Total Organic Carbon Matrix: Soil Units: %

Reperting Dilution
Sample # Client ID Result Limit Factor
138934-004 HP-02-17.5' 0.12 0.01 1
138934-013 HP-06-11.5" 0.19 Q.01 1
QC95648 Method Blank ND 0.01 1

ND = None Detected at or above Reporting Limit




Lab#: 138934 . .
Page 1 of 1 c Curtis & Tompkins, Lid.

Client: Stellar Environmental Solutions Analysis Method: WALKLEY-BLACK
Project #: 389012 Prep Method: WALKLEY-BLACK
Location : Redwood Regional Park

Sample # Client ID Batch# Sampled Analyzed Moisture
QC95649 Lab Control sSample 47536 - 20-APR-99 -
Analyte: Total Organic Carbon Matrix: Soil Units: %

Sampla # Sample Type Spike Amt. Result %Recovery Limits
QC35643 Lab Control Sample 0.130¢0 0.1170 20 80-120




Lab$#: 138934 ' )
Page 1 of 1 c Curtis & Tornpkins, Ltd.
Client: Stellar Environmental Solutions Analysis Method: WALKLEY-BLACK

Project #: 93012 Prep Method: WALKLEY-BLACK

Location : Redwood Regional Park

Sample # Client ID Batchi# Sampled Analyzed Moisture
RC35650 MS of 138934-013 47536 14-APR-99 20-APR-99 -
QC95651 MSD of 138934-013 47536 14-APR-99 20-APR-99 -
Analyte: Total QOrganic Carbon Matrix: Soil Unita: %

Sample # Client ID Spikeamt Result %Rec Limits %RPD Limit
QUISESQ M5 of 138934-013 0.1300 0.2820 T1w* 75-128

QC95651 MSD of 138934-013 0.1300 0.2770 68%* 75-125 2 35
138934-013 HP-06-11.5" 0.1890

* a Values outaide QC limits




Curtis & Tompkins, Ltd., Analytical Laboratories, Since 1878
2323 Fifth Street, Berkeley, CA 94710, Phone (510) 486-0900, Fax (510) 486-0532

ANALYTIOCAL REPORT

Prepared for:

Stellar Environmental Solutions
2198 &th Street
Suite 201
Berkeley, CA 94710

Date: 02-JUN-99
Lab Job Number: 139559

Project ID: 99012

Location: Redwood Regional Park

Reviewed by: /'/, -hn{j f, Y,

1 - (/-———_—“h\\\““\\
Reviewed by: /)Vizi—- ?g :%f;é;,——££?

]

This package may be reproduced only in its entirety.




- - CHAR OF cUSTODY FORAT
A C D F M Page i of _-'L_
Curtis & Tompkins, Ltd. Analyses
Analytical Laboratory Since 1878 CaT [/HI {%
2323 Fifth Street LOGIN #
Berkeley, CA 94710
(510)486-0900 Phone
(510)486-0532 Fax Sampler: 61&!(( R\,tkf(' %
Project No: 11013 Report To: Same \E
Project Name: Redwond Reqomal faiK Company:  Stellat Exwiowmenk, | 501\;1\\0@, 5
Project P.O.: Telephone: 5[0 /LH4-303 g
Tumnaround Time: > DAY Fax: Slo/bo44Y-3%59 = ::
Matrix Preservative «,3 ot
Sampling |_|-|o ole e
Laboratory =|2|% # of =~ Ojw .
Number Sample ID. %zt: 3 g g Containers Q % z O Field Notes ‘i-l IZ
> /| [Hp-1-6W[sfasks- 14w H X X x| X
T
Q
e = D
oO® ®
w - -
=]
L
@
o |
Notes: RELINQUISHED BY: RECEIVED BY:/ /
B ‘ﬂm’b\ sl g DATETIMEL/in, 4}%
: DATE/TIME | / DATE/TIME
DATE/TIME DATE/TIME

Signature



Cb Curtis S lumpking Lid.

1
|
|

1
|
|
|
1

TVH-Total Volatile Hydrocarbeons

Client: Stellar Environmental Sclutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 5030
Location: Redwocd Regional Park

Sample # Client ID Batch # Sampled Extracted Analyzed Moisture

}

1
139559-001 HP-11-GW 18245 05/22/99 05/25/92 05/25/9%

|

Matrix: Water

f
| Analyte Units 139559-001
| Diln Fac: 1

i

I

| Gasoline C7-C1i2 ug/L 2000

I

| Surrogate

L

f

| Trifiuorotoluene LREC 115

| Bromoflusrobenzene $REC 145

1

)
I
)
)
)
"
)
)
0
oy
|
)
;
I
"
i
)
)
;
I




GC1l9 TVH 'X' Data File (FID)

mple Name : MSZ,139559-001, 48245 Sample $: Page 1 of 1
FileName ; GiAGCL9vDATAN1454013 . raw Date : 5/26/99 12:07 M
Method i TVHBTKXE Time of Infection: 53/25/39 0B:24 BM

art Time : 0.00 win Znd Time 1 26.80 min Low Point : 3.75 mVy High Point : Z53.75 mV
ale Factor: =-1.8 Plet Cffzet: 4 mV Plaot Scale: 250.0 mV

Response [mV]
L

ra o 00 e = > oo =
c
|||!||||T}m||||;Tn|llnuTn||||i!||||nhm Tl Db DDy

+CB )
=2.18
: —2.54

—= 4

001
g2
Ore

0

-0 000D
O O
=0 0D

THE T

C

¥

TRIFLUOQ -

Lo oo o

g

at

Zl

¥l

- N B I BN BE S =
9

BROMOF —

L
gl

oo oo eodood o o

L

[
a1

[
if4

mammnrmmn i

—r’T?lih*ﬁ-FT

A

N
174

HP -1 -G 343

-




GC1l9 TVH 'X' Data File (FID)
Sample Name : CCV/LCS,QC98318, 99WS7547, 48245 Sample #: GAS Page 1 of 1 I
FileName : 5:A\GCLSA\DATAN145X001 . raw Date : 5/25/99 12:54 FM
Method ¢ TVHBTXE Time of Injection: 5/25/99 12:28 PM
Start Time ! 0.0C¢ min End Time : 26,80 min Low Peoint : 4.C1 mV High Point : 254.01 mV
Scale Factor: =1.0 Plot QOffset: 4 mV Flot Scale: 250.0 mV I
Response [mv]
— —_ — — —_ M ~3 La=) I
P2 L o oo < ko £ 8 co ] ] b
_ [1|lIIITIIH|IIiITHII|IIIIT>IIII|IIIITIIII|HHTIIIllIHITIlHlIII{TIIII|IIII|IIIIIHIITH%I|IIHT]III|IIIITIIII|HH i
—0.30
+CB -1.22 I
51:
~ Eéigg I
: ~2.56
4z '
- : 118
el =47 l
— 398
—-"-'~_._ -6.70
T —7.05
TRIFLUQ - — =7 41
: — 8
] _ —8.88
= 853
5 ' ELIN
S1104
3 2T |
2 =128
3 i
3. 1377 I
Sa ;11%
»—|BROMOF — :Eé I
0o
< C183
=189
193
: 4 I
[l : .
-508
EF R |
N . =220
i . -
(rasrbot a2y
n S%dwia«,—/ae zggjg
250 l
=254
& 583




Lab #: 139559 BATCH QC REPORT c Curtis g larngking Lid.

TVH-Total Velatile Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 29012 Prep Method: EPA 5030
Location: Redwood Regional Park

METHOD BLANK

Matrix: Water Prep Date: 05/25/99
Batch#: 48245 Analysis Date: 05/25/99
Units: ug/L

Diln Fac: 1

|
|
|
j
|
|
|
|

MB Lab ID: QC28319

| 1
| Analyte Result |
| |
| Gasoline C7-C12 <50 |
| |
| Surrogate tRec Recovery Limits |
} ]
| Trifluorotoluens 98 53-150 f
| Bromeflucorobenzene 03 53-149 |
s |




Lab #: 1332552 BATCH QC REPORT c

Cum5§gggn@H5$Lgi

TVH-Total Volatile Hydrocarbons

| m
l |
| |
| Client: Stellar Environmental Solutions Analysis Method: EPA 8013M |
| Project#: 99012 Prep Method: EPA 5030 |
| Location: Redwood Regicnal Park

i |
3 1
{ LABQORATORY CONTROL SAMPLE i
| !
r !
| Matrix: Water Prep Date: 05/25/99 |
| Batch#: 48245 Analysis Date: 05/25/99 |
| Units: ug/L |
| Diln Pac: 1 |
i j

LCS Lab ID: QC38318

f i
| analyte Result Spike Added  %Rec #  Limits i
i I
f !
| Gasoline C7-C12 1742 2000 87 77-117 |
i I
| Surrogate %Rec Limits |
E |
| Triflucrotoluene 104 53-150 |
| Bromofluorobenzene 108 53-149 |
L )

# Column to be used to flag recovery and RPD values with an asterisk
* Values outside of QC limits
Spike Recovery: ¢ out of 1 outside limits




Lab #: 139559 BATCH QC REPORT c Curtis galaenmking Ld.

TVH-Total Velatile Hydrocarbons

|
|

1
|
i
Client: Stellar Envircnmental Solutions Analysis Method: EPFA 8015M |
| Project#: 9s012 Prep Method: EPA 5030 g
| Location: Redwood Regional Park f
L |
f !
i MATRIX SPIKE/MATRIX SPIKE DUPLICATE i
— .
{ Field ID: HP-11-GW Sample Date: 05/22/99
i Lab ID: 139553-001 Received Date: 05/24/399 |
| Matrix: Water Prep Date: 05/25/99 |
| Batch#: 48245 Analysis Date: 05/25/99% f
| Units: ug/L |
| Diln Fac: 1 |
| I
MS Labh ID: QCo8322
r )
| Analyte Spike Added Sample M8 %Rec #  Limits |
| -
| Gasoline C7-C12 2000 2048 3723 B4 69-131 |
- i
| Surrogate $Rec Limits |
L |
I !
{ Trifluorotoluene 81 53-150 |
| Bromofluorobenzene 126 53-149 |
L i
MSD Lab ID: QC98323
M 1
| Analyte Spike Added  MSD %¥Rec # Limits RPD # Limit |
i |
f 1
| Gasoline C7-C12 2000 3729 84 69-131 0 13 |
I : .
| surrogate $Rec Limits [
— ]
| Trifluarotoluene 109 53-150 H
| Bromafluorcbenzene 146 53-149 |
L I

# Column to be used to flag recovery and RPD values with an asterisk
* Values cutside of QC limits

RPD: 0 ocut of 1 outside limits

Spike Recovery: 0 out of 2 outside limits




Cb Curtis & lompking Lid.

T !
| BTXE |
1 |
[ Client: Stellar Envivonmental Seolutions Analysis Method: EPA 8021B |
| Project#: 99012 Prep Method: EBA 5030 |
| Location: Redwood Regional Park

\ I
f 1
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
I ]
[ 1
| 13955%-001 HP-11-GW 48245 0s5/22/99 05/25/99 05/25/99 |
L I

Matrix: Water

f !
| 2analyte Units 139559-001 |
| Diln Fac: 1 !
I !
f i
| MTEE ug/L 3l ;
| Benzene ug/L 30 }
i Toluene ug/L 0.85C |
| Ethylbenzene ug/L 92 |
| m,p-Xylenes ug/L 51 |
| o-Xylene ug/L 2.3 |
L |
I !
| Surrogate |
| —
| Triflucrctoluene $REC 133 |
| Bromoflucrobenzene %REC 145 |
{ I

C: Presence of this cowpound confirmed by second column,
however, the confirmation concentration differed from the reported
result by more than a factor of two




Lab #: 139559 BATCH QC REPORT c Curtis foleunmpking Lid.
BTXE
Client: Stellar Environmental Solutions Analysis Method: EPA 8021B
Project#: 22012 Prep Method: EPA 5630

Location: Redwood Regional Park

METHOD BLANK

Matrix: Water Prep Date: 05/25/99
Batchi#: 48245 Analysig Date: 05/25/99
Units: ug/L

Diln Fac: 1

[ e e e — e e

|
|
|
i
E
|
|
|

MB Lab ID: QC%8319

| 1
| Analyte Result |
| |
| MTBE : <2.0 |
| Benzene <0.5 I
| Toluene <0.5 E
| Ethylbenzene <0.5 [
| m,p-Xylenes <0.5 |
| c-Xylene <0.5 |
| |
| |
| Surrogate %Rec Recovery Limits |
} .
| Triflucrotoluene 116 51-143 |
| Bromofluorobenzene 114 37-146 |
| j




Lab #: 139559 BATCH QC REPCRT Cb Curtls £ Inmpkigs Lid.

E BTXE |

} |

i Client: Stellar Environmental Sclutions Analysis Method: EPA 8021B |

| Projectck: 99012 Prep Method: EPA 5030 | I
| Location: Redwood Regicnal Park |

| 1

i BLANK SPIKE/BLANK SPIKE DUPLICATE | I
i i

f |

| Matrix: Water Prep Date: 05/26/99 |

| Batch#: 48245 Bnalysis Date: 05/26/99 |

| Units: ug/L | I
| Diln Fac: 1 |

{ )

BS Lab ID: QC98320

f 1

| Znalyte Spike Added ES $Rec # Limits |

! —

| MTEE 20 1g.2 91 56-126 |

| Benzene 20 17.54 90 £5-111 |

| Toluene 20 18.59 93 76-117 | l
| Ethylbenzene 20 18.32 92 71-121 |

[ m,p-Xylenes 40 37.98 95 80-123 |

| o-Xylene 20 18.4 92 75-127 |

| I

| Surrogate %Rec Limits |

| |

I 1

| Triflucrotoluene g5 51-143 [ l
| Bromofluorobenzens 93 37-14¢ |

| !

BSD Lab ID: (QC98321 l
i 1

| Anaiyte Spike Added  BSD $Rec # Limits RPD # Limit | I
| ]

I 1

| MTBE 20 18.66 93 66-126 2 12 |

| Benzene 20 18.06 90 65-111 1 10 |

| Toluene 20 18.55 93 76-117 0 10 ! I
| Ethylbenzene 20 18.4 92 71-121 0 11 i

| m,p-Xylenes 40 38.27 96 80-123 1 10 |

| o-Xylene 20 18.49 92 75-127 0 11 | I
: .

| surrogate $Rec Limits |

I - —

| Trifluorotoluene 32 §1-143 | '
| Bromoflucrobenzene g2 37-146 |

i J

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits

RPD: 0 out of § outside limits

Spike Recovery: 0 out of 12 outside limits .




Cb Curtis & lpropking g,

Client: Stellar Environmental Solutiocns Analysis Method: EPA B015M
Broject#: 93012 Prep Method: EPA 3520
Lecation: Redwood Reglonal Park

TEH-Tct Ext Hydrocarbons

Sample # Client ID Batch # Sampled Extracted = Analyzed Moisture

1

|

|

1

139552-001 HP-11-GW 48240 05/22/922 0s5/24/39 05/27/99 |
|

——_—— — —

Matrix: Water

f 1
| Analyte Units 139559-001 |
| Diln Fac: 1 |
1 A
! 1
| Diesel Cl0-C24 ug/L 440 YL I
| 1
| surrogate |
| f
I t
| Hexacosane REC 69 |
L |

Sample exhibits fuel pattern which does not resemble standard
Lighter hydrocarbons than indicated standard

[
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Chromatogram
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Plot Offset: -2t mV
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Lab #: 1395589

BATCH QC REPORT

C

Curtis & dgapking£lig,

TEH-Tot Ext Hydrocarbons

Diln Fac: 1

| |
| |
.l |
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 99012 Prep Method: EPA 3520 |
| Location: Radwood Regicnal Park |
L |
| 1
| METHOD BLANK |
} 1
| Matrix: Water Prep Date: 05/24/9% |
| Batchi: £8240 Analysis Date: 05/27/33

| Units: ug/L |
[ ]
L |

MB Lab ID: QC382S58

| |
| Analyte Result |
I !
| Diesel C10-C24 <50 |
0 f
| Surrogate $Rec Recovery Limits |
I {
| Hexacosane 82 58-128 |
| |




Cb Curtis & Jgrmoking gl

Lab #: 139559 BATCH QC REPCRT

| ]
| TEH-Tot Ext Hydrocarbons |
| |
| !
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 93012 Prep Method: EPA 3520 i
| Locaticn: Redwood Regional Park

L |
| 1
i BLANK SPIKE/BLANX SPIKE DUPLICATE i
% |
| Matrix Water Prep Date: 05/24/99 |
| Batch# 48240 Analysis Date:  G5/27/9% |
| Units: ug/ L |
| Diln Fae: 1 |
| J
BS Lab ID: QC9BZ299

| ]
| Analyte Spike Added BS tRec # Limits

| |
[ 1
| Diesel C10-C24 2475 1360 55 50-114 |
F I
| Surrogate %Rec Limits |
| |
| !
| Hexacosane 72 s8-128 |
[ |
BSD Lab ID: QC98300

I —
i Bnalyte Spike Added  BSD $Rec # Limits RPD # Limit |
[ |
r -
| Diesel ©10-C24 2475 1456 59 50-114 7 25 |
| i
| 1
| surrogate $Rac Limits |
| {
| Hexacosane 76 58-128 {
1 |

# Column to be used to flag recovery and RPD values with an asterisk

* Values outside of QC limits
RPD: 0 ocut of 1 outside limits
Spike Recovery: 0 out of 2 outside limits



Curtis & Tompkins, Ltd., Analytical Laboratories, Since 1878

2323 Flﬂ'h Street, Berkeley, CA 9d71 0. Phone (510) 486- D‘?OO Fax (510) 486-0532

ANALYTICAL REPORT

Prepared for:

Stellar Environmental Sclutions
2198 6th Street
Suite 201
Berkeley, CA 94710

Date: 04-JUN-99
Lab Job Number: 139452

Project ID: 99012

Location: Redwood Regional Park

R
Reviewed by: //;72?;g ‘;ZSC£7°\

Reviewed bvy:

This package may be reproduced only in its entirety.
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c Curtis & Tompkins, Lidl.
Page 1 of 1

T
| TEH-Tot Ext Hydrocarbons
L

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 99012 Prep Method: EPA 3520

¥
i
|
| Location: Redwood Regional Park
L

[
| sample # Client ID Batch # Sampled Extracted Analyzed Moisture

|
I
[ 139452-001 HP-03-GW 48109 04/14/39 05/17/99 05/18/99

Matrix: Water

f
| Bnalyte Units 139452-001
| piln Fac: i
I
I

Diesel Ci10-Q24 ug/L 1400 YL

Hexacosane SREC 73

N S I I

Y: Sample exhibits fuel pattern which does not resemble standard
L: Lighter hydrocarbons than indicated standard

|

I { Surrogate
—
|

Ill




Sample Name !
FileName
Method

Start Time

1 GIAGCIINCHAN13BADCY . RAW

135452-001, 48109
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0.0

End Time
Plot Offset:

Chromatogram

Sample #: 48109 Page 1 of 1
Date : 5/18/99 06:54 PM

Time of Injection: 5/18/99 03:33 PM

Low Point @ -23.36 mV High Peint : 750.20 mV
Plot Scale: 773.6 mV
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Lab #: 139452 BATCH QC REDORT Cb Curti &Pg%rrejpjfm%yq‘

TEH-Tot Ext -Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M
Project#: 59012 Prep Metheod: EPA 3520
Location: Redwood Regional Park

METHOD BLANK

Matrix: Water Prep Date: 0s/17/99
Batchi#: 48109 Analysis Date: 05/20/99
Units: ug/L

Diln Fac: 1

MB Lab ID: QC%7781

| |
| Analyte Result |
'r !
| Diesel Clo-C24 <50 |
| .

| 1'
| Surrcgate $Rec Recovery Limits |
| |
| |
| Hexacosane 75 58-128 |
L |




Lab #: 139452 'BATCH QC REPORT Cb Curtis & Jgaoing gy,

TEH-Tot Ext Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA B015M

I

| :

| |
T 1
! |
| Project#: 99012 Prep Method: EPA 3520 |
| Location: Redwood Regional Park |
.L — — .
i BLANK SPIKE/BLANK SPIKE DUPLICATE... . ]
’ ST N .4
| Matrix: Water Prep Date: 05/17/99 |
| Batch#: 48109 Analysis Date: 05/20/99 |
| Units: ug/L |
| Diln Fac: 1 |
|- |

BS Lab ID: QC8%7782

{
| Analyre Spike Added B3 $Rec # Limits

1
i |
‘ 1
| Diesel C10-C24 2475 1599 65 50-114 |
I i
| surrogate %Rec Limits |
| [}
I 1
| Hexacosane 72 58-128 |
[— |

BSD Labk ID: QC97783

1

Analyte Spike Added  BSD tRec # Limits RPD # Limit |
— t
I |
| Diesel C10-C24 2475 1627 66 50-114 2 25 |
i |
I 1
| sSurrogate 3Rec Limits |
. %
Hexacosane 72 58-128 I

J

Column to be used to flag recovery and RPD values with an asterisk
Values outside of QC limits

PD: 0 out of 1 outside limits

Spike Recovery: 0 out of 2 outside limits

o4 o - ——






