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December 4, 1998

Mr, Scott Seery
Alameda County Health Care Services Agency

Department of Environmental Health, Hazardous Materials Division
1131 Harbor Bay Parkway, Suite 250
Alameda, California 94502

Subject:  Site Closure Assessment for Redwood Regional Park Service Yard Site,
Oakland, California

Dear Mr. Seery:

Enclosed is the Stellar Environmental Solutions (SES) Site Closure Assessment Report for the
underground fuel storage tank (UFST) site located at the Redwood Regional Park Service Yard Site,
7867 Redwood Road in Oakland, California. This project is being conducted for the East Bay
Regional Park District (District). The key regulatory agencies for this investigation are Alameda

County Health Care Services Agency (ACHCSA) and the California Department of Fish and Game
(DFG).

This report provides a critical evaluation of site contamination data associated with former UFSTs
at the site, including the September 1998 groundwater and creek surface water monitoring event
completed by SES. The District has discussed the findings of this and previous investigations with
ACHCSA and DFG, and has elected to implement the following actions to address the regulatory
concerns. Two macroinvertebrate bioassessment events (winter 1998 and spring 1999) will be
conducted to evaluate if current conditions are impacting Redwood Creek; and continued quarterly
Qomdwater and surface water sampling will be conducted in accordance with the historically
a -upon sampling program. The results of field activities will be initially summarnized in letter-
format data summaries, and a summary report will be prepared at the conclusion of this phase, The
summary report will include an asssessment of the necessity for intenim remedial action {which may
include the use of oxygen-enhancing compounds to stimulate acrobic degradation), and what
continued site monitoring may be required. The proposed actions represent a revision to the October
9, 1998 SES workplan for the continued site investigation.
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Mr. Scott Seery
December 4, 1998
Page 2 of 2

If you have any questions regarding this report, please contact Mr. Ken Berger of the District or
contact us directly at (510) 644-3123,

Sincerely,

Bhwe M. {ZaJ’u/

Bruce M. Rucker, R.G., R.E.A
Project Manager

Richard S. Makdisi, R.G., R.E.A
Principal

cc:  Michael Rugg, California Department of Fish and Game
Warren Gee and Ken Berger, East Bay Regional Park District
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EXECUTIVE SUMMARY

Stellar Environmental Solutions (SES) was retained by East Bay Regional Park District (Park
District) in September 1998 to evaluate the site historical data, complete one groundwater
monitoring event, identify site regulatory considerations, and develop a site closure strategy that will
be compliant with applicable regulations. This work included the completion of one creek surface
water and groundwater sampling event at three monitoring wells. The site is the Redwood Regional
Park Service Yard at 7867 Redwood Road, Oakland, Alameda County, California.

The site has undergone site nvestigations 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 September 18, 1998 surface water and groundwater sampling event showed a decrease in the

TPHd, TPHg and BTEX contaminants analyzed in the downgradient well MW-4, which has the
highest and most persistent residual contamination. The decrease compared to the previous

analytical event of February 1998 is attributed to lower groundwater level conditions in September
1998.

Evaluation of the hydrochemical trends show a slight decrease over time since groundwater
monitoring of the hydrocarbons in the wells began in 1994; the BTEX components have shown a
more pronounced decrease than the TPHg or TPHd, reflecting some volatilization as well as
biodegradation. Dissolved oxygen has not yet been measured in the monitoring wells, but the
groundwater is suspected to be relatively oxygen depleted. There is also indicated to be a “slug” of
higher concentration TPH-contaminated groundwater that will eventually arrive at the location of
well MW-4 or pass it by to the south and daylight at the base of Redwood Creek, The concentration
profile and length of time until the slug arrives at the creek is not known.

The volume of residual hydrocarbon contamination in the soil is estimated to be approximately 550
cubic yards and is located mainly in the * smear” zone along the pathway of the plume as it migrates
toward Redwood Creek. The soil contamination at concentrations above 1,000 mg/Kg is estimated
to be located in a zone 5-foot thick by 20-foot wide by 150-foot long, averaging about 12 feet below

ground surface. The residual contaminated soil is still acting as a source of input to the groundwater
plume.
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Site groundwater has been impacted by several fuel-related hydrocarbons in excess of drinking water
standards. While site groundwater is not considered to be a drinking water source, drinking water
standards could be applied by the regulators as cleanup standards. Benzene has been sporadically
detected in Redwood Creek at concentrations in excess of its surface water quality objective, in the
immediate vicinity of where the groundwater plume intersects the creek. Benzene has never been
detected immediately downstream of that location and therefore it is very unlikely that the site poses
any impacts to Upper San Leandro Reservoir, the nearest drinking water source. The Department
has a zero-discharge policy regarding pollution in surface waters, and they have requested an
instream bioassessment study to determine the potential impact of the detected contaminants at the

stream interface on invertebrate life in the stream. The DFG has a specific field and laboratory
procedure to execute such a study.

The extent to which current conditions at the site reflect the maximum amounts of dissolved plume
concentrations expected is a critical issue in the evaluation of the potential long-term impacts from
the plume, and will determine whether or not the site should achieve regulatory closure based on the
merits of expected natural attenuation. This, in turn, is affected by the volume and concentration of
the residual contaminated soil that may continue to act as a source of input to the plume.

Initial examination of the data suggests that Monitored Natural Attenuation (MNA) could be a viable
corrective action remedy if there are no current or projected impacts to the creek biology. Interim
remediation measures that can be considered if the creek impacts are determined to be unacceptable
are: 1) a passive or reactive cut-off wall, 2) a vapor extraction system, and/or 3) the use of oxygen
releasing compounds to accelerate natural attenuation.

Following the District’s review of the draft of this report, the District discussed the current site

conditions with ACHCSA and DFG and has elected to implement the following program to address
regulatory concerns:

® Conduct an additional (in December 1998) groundwater monitoring and analysis event in
which natural attenuation parameters such as dissolved oxygen, redox potential and iron
concentrations are measured, in addition to historically conducted laboratory analyses. We
recommend that hydrochemical analyses be discontinued in transgradient well MW-5 based
on the historical absence of signficant detectable contamination at that location.

®  Conduct an additional (in December 1998) creek surface water sampling and analysis event.

" Per the recommendations of DFG, complete an initial instream bioassessment of
macroinvertebrates, in conformance with the DFG procedures, to evaluate if there are any
immediate impacts of concern. This will consist of two events (winter 1998 and spring
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1999). The need for subsequent bioassessment events will be evaluated based on the
findings of the proposed investigation.

Complete and submit to ACHCSA and DFG letter-format data summaries following each
field event, and a comprehensive report summarizing the entire phase, including conclusions
regarding the findings and proposed actions to address remaining regulatory issues.
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1.0 INTRODUCTION

PROJECT BACKGROUND

The subject property is the 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 (ACHCSA) has provided regulatory oversight of the investigation since its inception.

KEY OBJECTIVES AND SCOPE OF WORK

The key objectives of this site investigation are to-
®  Critically evaluate site hydrochemical and contaminant migration data.

® Identify site-specific Applicable, Relevant and Appropriate Regulations (ARARs) and
regulatory agency site closure criteria.

™ Evaluate current and future impacts associated with site contamination.
B Assess the need for additional remediation and/or investigation.

®  Evaluate remedial strategies to meet site closure or cleanup objectives,

The tasks that were conducted to meet these objectives include:

®  Conduct an additional groundwater and surface monitoring, sampling and analysis event.

®  Bvaluate site hydrochemical trends.

™ Hstimate the mass of residual contamination in soil and groundwater,

®  Identify potential receptors and other impacts associated with site contamination.
W Discuss the relevant site analytical and geologic data with respect to ARARs.

W Evaluate if additional site remediation and/or investigation is necessary in light of ARARs,
potential impacts and regulator site closure ctiteria. If remediation is deemed necessary,

Stellar Environmental Solutions 1
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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 eastern edge of the service yard to
approximately 545 feet above MSL. at Redwood Creek, which approximately defines the western
edge of the project site. Figure 2 is a site plan of the project site.

The project site is a service yard for Redwood Regional Park, and 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 steel 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 and groundwater analytical results. A complete listing of previous site
investigation and remediation reports is included in the References section.

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,

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)
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and the infiltration of spring water into the excavation. Figures 2 and 3 show 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 m 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 ACHCSA approval, the soil was relocated to Sibley Regional Preserve in Contra Costa
County, California for further aeration and final disposition at that site (EBRPD, 1995).

Initial Site Characterization

At the request of ACHCSA, 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 borings 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,
1993c¢). No significant soil contamination was detected in soil borings immediately north, south or
cast of the former UFST remedial excavation. Fuels in soil were detected in soil borings 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 petroleum hydrocarbons-kerosene range (TPHk), and 198
mg/Kg BTEX constituents. Maximum fuel concentrations detected in groundwater collected from
temporary well points included 810,000 ug/T. TPHg, 2,300,000 ng/L TPHk, 570 pg/L. TPHd and
125,000 pg/L BTEX (including 12,000 g/l benzene) (Parsons, 1993c¢).
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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

so1l, when surface water is available, since February 1994. Figure 2 shows these sampling locations
and Section 4 provides a detailed discussion of analytical results.

Groundwater Monitoring and Sampling

Prior to the recent (September 1998) sampling event, 12 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, and currently the maximum detected
concentrations are in downgradient well M'W-4 adjacent to Redwood Creek, approximately 130 feet
southwest of the former UFSTs. Groundwater contaminant concentrations have shown an overal]
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 4.0.

Historical ACHCSA-approved revisions to the groundwater sampling program have included:
1} discontinuing hydrochemical sampling and analysis in wells MW-1, MW-3 and MW-6; and
2) reducing the frequency of creek surface water sampling from quarterly to semi-annually
(ACHCSA, 1996). In addition, the previous most recent report (March 1998) submitted by the
previous consultant recommended further revisions to the site characterization program, including:
[} discontinuing hydrochemical sampling and analysis in well MW-3; 2) reducing the frequency of
groundwater monitoring and sampling in the remaining two wells from quarterly to annually;
3) discontinuing creek surface water sampling and analysis at upstream location SW-1; and
4) reducing the frequency of creek surface water sampling from semi-annually to annually in the
other two creek locations. The Conclusions and Recommendations section of this repbrt evaluates
and revises these recommendations based on the results of this phase of the investigation.
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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 Areais an
clongated 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 three 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. Subsurface stratigraphy, along
with other pertinent information at the site, is illustrated in cross section A-A’ (Figures 3). These
data are based on soil boring 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
borings, 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 overlies a weathered siltstone at the base of the
observed soil profile. Soils in the vicinity of MW-1 are inferred to be landslide debris.
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GROUNDWATER HYDROLOGY

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 was first observed at the top
of the clayey, silty sand-gravel zone in all monitoring well borings except MW-1. First occurrence
of groundwater during drilling was encountered from approximately 3 to 25 feet bgs, and
equilibrated water levels ranged from 2 to 18 feet bgs (Parsons, 1993¢). The difference between first
occurrence of groundwater and equilibrated water level ranged from 0 to 13 feet. These differences
were the greatest in areas east of the road and were much less west of the road. Figure 3 shows the
range of static water levels measured in site wells between November 1994 and September 1998.

Figure 4 shows a groundwater elevation map constructed from the September 1998 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. It is
inferred that local groundwater flow direction west of Redwood Creek is toward the east (toward the
creek). The groundwater gradient is relatively steep, at approximately 0.1 feet per feet between wells
MW.-2 and Redwood Creek, and is approximately 2 feet per feet between well MW-1 and the former
UFST source area. The increased groundwater gradient in that area is inferred to result from the
topography and the highly disturbed nature of sediments in the landslide debris. A static
groundwater level above the ground surface was noted in well MW-1 in the Febrnary 1998 event.
The actual elevations of the groundwater table are likely to be between the first encountered
groundwater at a depth of 18 feet bgs or more, and the equilibrated groundwater elevations in the
monitoring wells, showing a depth of about 10 feet bgs.

As discussed above, the materials encountered at the water table in borings in the vicinity of the
former UFSTs are predominantly clayey silt and silty clay. A hydraulic conductivity value of
approximately 0.003 ft/day and an effective porosity value of 30 percent are representative values
of these parameters for this 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, the average
linear groundwater velocity would be approximately 0.4 feet per year. Materials encountered a few
feet below the water table in five of the six monitoring wells include a 5- to 10-foot thick clayey
coarse-grained sand/clayey gravel unit. This is probably the major water-transmitting unit in the
observed soil profile. A hydraulic conductivity value of approximately 0.05 ft/day and an effective
porosity of 35 percent are representative of these parameters for this soil type (Fetter, 1988), yielding
an average linear groundwater velocity of approximately 5 feet per year (approximately ten times
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the value for the upper silty clay, clayey silt unit). These values are approximations only, and actual
groundwater velocities could vary substantially. There are no comprehensive data on groundwater
hydrology in the area of the project site (ACFCWCD, 198R).

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 |
a 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 historical
observations of fuel-contaminated capillary fringe soils in the eastern bank of Redwood Creek.
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3.0 SEPTEMBER 1998 MONITORING AND SAMPLING

This section summarizes recent (September 1998) field activities conducted at the project site related

to the current investigation. Monitoring and sampling protocols were in accordance with the SES
technical workplan. Activities conducted included:

®  Measuring static water levels data and collecting groundwater analytical samples from site
wells

®  Collecting creek surface water samples

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

Table t
Groundwater Monitoring Well Construction Data

MW-1 18 7-17 2.3 563.6 565.9
MW-2 36 20-35 2.4 564.1 566.5
MW-3 42 7-41 2.8 558.1 560.9
MW-4 26 10-25 2.1 546.0 548.1
MW-5 26 1025 2.3 5452 547.5
MW-6 26 10-25 -2.3 5433 545.6

Remarks: 1) TOC = Top of Casing

2) All depths are feet below ground surface unless otherwise specitied. 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-49,

4} All wells are 4-inch inside diameter
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GROUNDWATER LEVEL MONITORING AND SAMPLING

Static water levels were measured (Appendix B) in all six site wells on September 18, 1998. All
water level measurements were made using an electric water level indicator.

In accordance with an ACHCSA recommendation (ACHCSA, 1997}, “non-purge™ groundwater
samples were collected prior to well purging. The non-purge approach has been accei:ted by several
local implementing agencies, as well as by the Regional Water Quality Control Board — San
Francisco Bay Region. The site conditions meet all the criteria required by the RWQCB for
implementing the non-purge approach (RWQCB, 1997). “Post-purge” samples were also collected
for laboratory analysis to allow for comparison between the two sample sets. Non-purge samples
were collected from wells MW-2, MW-4 and MW-5 with a pre-cleaned stainless steel bailer.

Groundwater sampling of MW-2, MW-4, and MW-5 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), and temperature (T) of purge water were measured
during well purging, to document the stabilization of formation-water in the wells. Class sample
containers were filled with sample water from a pre-cleaned Teflon ™ bailer. The water samples
collected from wells MW-2 and MW-4 had a petroleum odor. Thete was no visual or odiferous
evidence of contamination during purging and sampling of the groundwater wells. Appendix B

includes water level data and groundwater monitoring field notes from the groundwater monitoring
event.

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 97 gallons of purge water and decontamination rinsate from the current
groundwater sampling event was containerized in the onsite plastic tank. As discussed in the
Conclusions and Recommendations section, SES is recommending that well purging continue based
on the significantly higher concentrations detected in post-purge samples. Therefore, the purge

water will continue to be accumulated in the onsite tank until it is full, at which time it will be
transported offsite.
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CREEK SURFACE WATER SAMPLING

Surface water samples were collected on September 18, 1998 from locations SW-1, SW-2, and SW-3
in Redwood Creek (for locations see Figure 2). 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. Petroleum
sheen was noted in the immediate vicinity of sampling location SW-2. At the time of sampling,
there was no creek flow, the majority of the creek upstream of SW-2 was dry, and maximum depth
of standing water was approximately 6 inches.

ANALYTICAL RESULTS

All creek surface water and groundwater samples were analyzed for historical constituents of
concern, including TPHg, TPHd and BTEX. Samples were also analyzed for the first time for
methyl tertiary butyl ether (MTBE), a fuel oxygenating additive that has recently been identified as
a constituent of concern at fuel release sites. Table 2 summarizes the analytical results of the
September 1998 creek surface water and groundwater samples.

Creek Surface Water Samples
No compounds were detected above their respective method reporting limits.
Groundwater Sample Results

Figure 5 shows the results from the September 1998 sampling event. TPHg, ethylbenzene and total
xylenes were detected only in well MW-4. MTBE was detected in both MW-2 and MW-4 samples.
No constituents of concern were detected in cross-gradient well MW-5. The only contaminant
detected in the source area well MW-2 was MTBE (7 pg/L). Neither TPHd, benzene nor toluene
were detected above the method reporting limit in any of the samples. Section 4.0 discusses the
significance of these results as regards historical and projected hydrochemical trends.

For detected compounds, significant variations were observed between the non-purge and post-purge
samples (between 124% and 192%) relative percent difference (RPD). In all cases, post-purge
concentrations were greater than the respective non-purge concentration.
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Table 2
Groundwater and Creek Surface Water
Sample Analytical Results - September 18, 1998
Redwood Regional Park Corporation Yard

Oakland, California
Groundwarer Samples
MWwW2
Non-purge <50 <50 <0.5 <0.5 <{.5 <035 6.7
Post-purge <50 <50 <0.5 <0.5 <0.5 <05 7.0
RPD 4.4%
Mw4
<50
Non-purge 330 <50 <03 <05 5 0.54 5.4
Post-purge 1,800 <{.5 <0.5 63 26.9 23
RPD 138% 173% 192% 124%
MW5
<50
Non-purge <50 <50 <0.5 <0.5 <0.5 <0.5 <2
Post-purge <50 <0.5 <0.5 <0.5 <0.5 <2
Creek Surface Water Samples
SW-i <50 <50 < 0.5 <0.5 <0.5 <5 <2
SwW-2 <350 <50 < 0.5 <0.5 <0.5 <0.5 <2
SW-3 <50 <50 <0.5 <0.5 <0.5 <0.5 <2

Notes:

MTBE = Methyl tertiary butyl ether

RPD = Relative Percent Difference between non-purge sample and past-purge sample.

TPHg = Total petroleum hydrocarbons - gasoling range (equivalent to total volatile hydrocarbons - gasoline range)

TPHd = Total petroleum hydrocarbons - diesel ranges (equivalent to total extractable hydeocarbons - diesel range)
NA = Not Analyzed

ug/L = Micrograms per liter, equivalent to parts per hillion {ppb)

Quality Control Sample Analytical Results

One post-purge field duplicate sample (MW-0A) was collected from well MW-4 and analyzed for
TPHg and BTEX 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: 11.8% (TPHg); 9.6% (benzene); 10.2% (total
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xylenes); and 49.2 % (MTBE). Neither toluene nor ethylbenzene were detected in either sample.
With the exception of the MTBE results, these data suggest very good reproducibility of laboratory

analyses. 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 C).
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4.0 RESIDUAL CONTAMINATION AND BENEFICAL USES

SITE REGULATORY HISTORY

Alameda County Health Care Services Agency (ACHCSA) has been the lead regulatory agency for
the case since its inception, with regulatory correspondence with the Park District going back to the
January 1994 review of the December 1993 ES report documenting the UFST’s removal. The
ACHCSA 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 (DFG), communicate their concerns directly to ACHCSA.

While ACHCSA 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
ACHCSA has no published guidance regarding TPH or the TPH components BTEX. 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 ACHCSA wrote the Park District in September 1997 suggesting that
recommendations needed to be formulated to address the 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 DFG communicated their concern about the potential ecological
mmpact to the creek from the release into the creek recorded in two of the dry weather sampling
events. In July 1998 the Park District met with ACHCSA and DF G, concluding that a determination
of whether remediation was needed should be complete, and if remediation was indicated to be
necessary, what method would be effective to move the site towards closure resolution. This report

addresses that objective with this section evaluating the applicable or relevant and appropriate
regulations (ARARs).
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SOIL, GROUNDWATER AND SURFACE WATER CLEANUP AND FURTHER
ASSESSMENT CRITERIA

The Applicable Relevant and Appropriate Regulations (ARARs) for this site should be considered
in the light of the following areas of concerns:

®  There is an indeterminant amount of residual TPHg, TPHA and BTEX in the soil and
groundwater following the UFST removals that is migrating towards Redwood Creek.
Impacts to fish and invertebrates should be evaluated as well as acute and chronic toxicity.

® Groundwater daylights at the base of the slope within the creek during the low flow period
in summer with detectable levels of TPHg and benzene which could have ecological impacts
on the riparian zone, aquatic life, and local wildlife in the creek.

®  The extent to which natural biodegradation of the subsurface TPHg, TPHd and BTEX in the
soil and groundwater can be expecteed to naturally remediate the contamination.

Soil Contamination Cleanup and Further Assessment Criteria

As part of the evaluation of site closure, site analytical data must be reviewed in the context of
media-specific regulatory requirements and considerations, including its classification as hazardous
waste or as designated waste. There are no specific hazardous waste definitions for petroleum
products in soil, except in the unlikely event that there is enough product in the soil for it to be
considered ignitable. The regulatory environment evaluation of the amount of residual TPH
considered acceptable is related to its potential impact on groundwater.

A contaminant that is neither hazardous nor potentially hazardous by the criteria explained above
may be classified as a designated waste due to the substances’ potential impact to groundwater on
a case-by-case basis. The California Regional Water Quality Control Board (RWQCB) uses a
Designated Level Methodology (DLM) as a guide in determining if a waste at a given site should
be classified as a designated waste and, if so, what ¢leanup 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. Relevant criteria for soil contamination by the regulatory
environment for TPH contamination are generally evaluated on a case-by-case basis, most often
using some form of the RWQCB’s DLM discussed above. In the past, the RWQCB used 100 mg/Kg
in soil as a general criteria for assessing impacts to groundwater in their Leaking Underground Fuel
Storage Tank (LUFT) Manual investigation guidance. The LUFT manual uses the DLM which
utilizes a screening-level methodology that accounts for site-specific factors related to the ability of
soil contamination to migrate to groundwater (ie., a leaching potential analysis) to estimate the
allowable concentrations of residual soil contamination. If allowable concentrations are exceeded,
the guidance recommends that a more detailed general risk appraisal be conducted to determine
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potential impacts to groundwater. In addition, the feasibility and cost benefit of remediation of
residual soil contamination is a factor to be considered.

The leaching potential analysis in the LUFT Manual guidance stipulates the allowable concentrations
of fuel contamination in soil that can be left in place without impacting groundwater are as follows:

™ TPHg: 10 mg/kg to 1,000 mg/ke
= TPHd: 100 mg/kg to 10,000 mg/kg

®  BTEX (individual or cmbined consituents): to be considered ARAR of 1 mg/kg

Using the preliminary screening methodology in that guidance, the site is considered to be “most
sensitive” and the allowable concentration of TPHg and TPHd would be 10 mg/Kg and 100 mg/Kg,
respectively. For this type of site, the gnidance does not provide BTEX allowable levels and states
that a general risk appraisal should be conducted. The site residual soil TPHg and TPHd
concentrations exceed the LUFT Manual allowable concentrations, and therefore could be
considered by regulatory agencies to have the potential to impact groundwater. This finding is
validated by the detected TPHg and TPHd in groundwater (see following discussion).

As discussed in Section 1.0, the 1993 UFST excavation removed 600 cubic yards of contaminated
soil. Confirmation samples collected at the base of the UFST excavation showed the maximum
residual soil contamination of 12,000 mg/kg TPHg and 1,800 mg/Kg BTEX. Though these residual
hydrocarbon levels in the soil are above the often cited RWQCB LUFT manual guidance levels that
are construed as adversely impacting groundwater, 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 analyses 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 si gnificantly 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.

Groundwater Contamination Cleanup and Further Assessment Criteria

Table 3 shows the water quality standards for the site contaminants.

There are several potential “action” standards for groundwater contamination. The standard which
can be applied by the local agency with jurisdiction is the strictest of any applicable state or federal
standards, including federal and California Maximum Contaminant Levels (MCLs) and state action
levels (SALs). For purposes of this investigation, groundwater analytical data can be evaluated in
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the context of federal or State of California enforceable “action” levels for groundwater (MCLs) only
for BTEX, as there are no MCLs or SALS for TPHg or TPHd, although concentrations of less than
5> mg/L in the absence of TPHg and BTEX concentrations of significance will not often require
cleanup action unless sensitive receptors, such as proximity to sensitive aquatic life, are apparent.
MTBE, a fuel TPH additive with potential impacts, has a recently proposed primary MCL of 14

pg/L and secondary MCL of 5 pg/L.. The September 1998 sampling event was the first in which
MTBE was analyzed for.

As discussed above, the ACHCSA, similar to the RWQCB, will evaluate groundwater contamination
impacts by TPH and BTEX on a case-by-case basis. The RWQCB uses the DLM methodology,

considering such criteria as designated land use, sensitive biological receptors, depth to groundwater
and beneficial use of groundwater,

Criteria that are favorable for receiving case closure by the ACHCSA and RWQCB include:

®  The source area (i.e., contaminated soil) has been remediated to the extent that is cost-
effective;

®  Groundwater contamination is immobile;

= Contaminant concentrations are stable or reducing sufficiently such that biodegradation is
at work on the residual soluble fraction; and

™ Contaminant toxicity is low (e.g., extractable-range hydrocarbons only and little or no TPHg
and BTEX)) and there are no sensitive receptors.

For cases in which groundwater concentrations are stable or reducing sufficiently, and where the
requisite environmental conditions favor biodegradation, a case can be made for natural attenuation
to remediate the contamination over time. In such cases where there is a residual soluble fraction
of TPHg and BTEX, and the absence of future source material or sensitive receptors, the plume
should further reduce over time. Such cases have been granted site closure status by the ACDEH
and RWQCB. A site may be granted closure when the groundwater concentrations are at higher
levels than ARARs, if a risk assessment can demonstrate acceptable risk.

Cleanup action level criteria can also be modified by natural geochemical conditions at a site. For
example, where an existing aquifer has a yield of less than 200 gallons per day or TDS of > 3,000
ug/L, the water is considered unusable. Measured electrical conductivity values of groundwater at
the site are historically below 900 pmhos/cm (Appendix B) and don’t exceed the maximum value
of 5,000 pmhos/cm (equivalent to pS/cm) established by the SWRCB for potential public water
supplies. Additionally, sustained vield of site wells is likely to be greater than the 200 gallons per
day [gpd] criterion for potentially suitable drinking water (State Water Resources Control Board
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Table 3
Surface and Ground Water Quality Criteria for Detected Contaminants

TPH-gasoline NE EWQCB LUFT Manual
TPH-diesel NE RWQCRB LUFT Manual
Benzene 0.34 Water Quality Objective
! California Primary MCL
1.2 Water Quality Objective
21 EPA IRIS value for consumption of water & organisms
71 EPA IRIS value for consumption of organisms only
Toluene 40 Proposed Federal Secondary MCL
1,000 Proposed Federal Primary MCL
6,800 EPA IRIS value for consumption of water & organisms
200,000 EPA IRIS value for consumption of organisms only
Ethylbenzene 30 Proposed Federal Secondary MCL
630 California Primary MCL
3,100 EPA IRIS value for consumption of water & organisms
29,000 EPA IRIS value for consumption of organisms only
Total Xylenes 20 Proposed Federal Secondary MCL
1,750 California Primary MCL
MTBE 5 Proposed California Secondary MCIL,
14 Proposed California Primary MCL

Notes: EPA Water Quality Objectives (WQO) for inland surtace waters that are poteatial drinking water sources. EPA IRIS = Environmental

Protection Agency Integrated Risk Information System eriteria giving concentration at which there is a carcinogenicity risk of 10E-6 ar less.
NE=Not Established :

1991). Based on these data, groundwater at the site may be considered as a potential drinking water
source, and therefore drinking water standards (i.e., Maximum Contaminant Levels [MCLs]) may
be applicable to contaminated groundwater at the site.

There are no drinking water MCLs for total petroleum hydrocarbons in groundwater. This

contaminant would therefore be regulated under the RWQCB general “nondegradation of beneficial
use” policy (RWQCB, 1992).
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BENEFICIAL USES AND WATER QUALITY OBJECTIVES

The surface water ARARs are drawn from inland water quality criteria (WQOs) published by the
RWQCB (RWQCB, 1994) and from EPA Integrated Risk Information System (IRIS) criteria that
evaluate contaminant concentrations relative to the 1 in 1 million human cancer risk. Beneficial uses
of surface water quality in California are used to establish water quality standards and discharge
prohibitions (RWQCB, 1992). There are no listed direct beneficial uses for Redwood Creek beyond
being an aquatic creek, but the existing fish ladder within 30 feet of the arca 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. While there are no identified ARARs exceeded, the fundamental question that

needs to be answered is whether there are measurable adverse impacts to the Redwood Creek aquatic
environment.

Groundwater seepage occurs along the eastern boundary of Redwaood Creek approximately 150 feet
west (downgradient) of the UFST source area. The smear zone of soil contamination, as can be seen
in Figure 6, is estimated to be located mainly below the elevation of the creek, with only the
uppermost portion in potential contact with the base of the creek and the plume daylighting at this
location. The creek itself appears to act as a hydraulic barrier against migration of the groundwater
plume beyond the creek, as evidenced by the absence of historical detectable groundwater
contamination in well MW-6 located on the other side of the creek from the site. During periods of
sufficient creek flow, surface water originating at the seeps would be expected to flow into Upper
San Leandro Reservoir approximately 4,000 feet south {downstream).

GROUNDWATER AND SURFACE WATER REGULATORY EVALUATION

Groundwater

Maximum fuel concentrations detected in site groundwater samples during the previous year of
groundwater monitoring (all at sample location SW-2 immediately downgradient of the former
UFST) that are in excess of published regulatory agency ARARs for groundwater include:

" Benzene (110 pg/l; exceeds the California WQOs)

B Toluene (92 pg/L, exceeds the proposed Federal Secondary MCL)

m Ethylbenzene (320 pg/L; exceeds the proposed Federal Secondary MCL)
® Total xylenes (600 pg/L; exceeds the proposed Federal Secondary MCL)
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® MTBE (23 pg/L; exceeds the proposed Federal Primary and Secondary MCLs)

Surface Water

No site-sourced contaminants have been detected in excess of regulatory ARARS in site creek water
samples during the previous year of creek water monitoring. The only contaminant that has been
detected in creek water samples in excess of published regulatory agency ARARs for surface water
is benzene, detected in 3 out of the 11 surface watering monitoring events since February 1995. The
detected benzene concentrations ranged from 1.9 to 13 ng/L, which exceed the 0.34 pg/L and 1.2
ng/L WQOs for inland surface waters that are potential drinking water sources. However, 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. Neither TPH nor BTEX have
ever been detected at the downstream SW-3 location.
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3.0 RESIDUAL CONTAMINATION EVALUATION
AND SIGNIFICANCE

This section addresses the following objectives: 1) an evaluation of the site data collected to date
to determine the extent of residual soil contamination and the groundwater quality trends in the
groundwater and surface water; 2) an assessment of the plume stability; and 3) a discussion of the

impacts on the known beneficial uses of the groundwater and surface water given the known or
suspected residual contamination.

VOLUME AND EXTENT OF CONTAMINATED SOIL REMEDIATED

The 1993 site excavation of residual TPH-contaminated soil resulted -in the removal of
approximately 600 cubic yards (CY). 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.

RESIDUAL CONTAMINATED SOIL

An estimated 20-100 CY of TPH-contaminated soil remains at the source area. The maximum
concentrations of residual soil contamination detected in excavation base and sidewall samples
included 12,000 milligrams per kilogram (mg/Kg) TPHg, 1,300 TPIId, 80 mg/Kg benzene, 390
mg/Kg toluene, 230 mg/Kg ethylbenzene and 1,100 mg/Kg total xylenes.

The estimated volume of the TPH residual contaminated soil above 1,000 mg/Kg TPH, based on the
available historical data points of excavation confirmation samples, exploratory borings and
monitoring well installation soil samples (see Table A.1, Appendix A) is estimated to range from
between about 400 to 550 CY, depending on the extent of the “smear” zone.

The smear zone is the area of soil contamination that was contaminated through the process of
sorbing the hydrocarbon contamination in the aqueous phase as the plume migrates through the soil
and water levels fluctuate. The maximum estimate of 550 CY is based on the assumption of a 5-foot
thick by 20-foot wide “smear” zone extending the length of 150 feet to the creek from the former
UFST source area. Figures 6 and 7 illustrate in cross section and plan view the area of residual soil
contamination. While the highest concentration of residual contamination is associated with the 16-
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foot samples collected at the base of the excavation at the time of the UFST removal, the majority
of the residual contamination (80%) is estimated to be associated with the relatively thin layer along
the migrational pathway of the plume.

Actual elevations of the groundwater table are likely to be between the first encountered groundwater

at a depth of 18 feet bgs or more, and the equilibrated groundwater elevations in the monitoring
wells, showing a depth of about 10 feet bgs.

Examination of the TPHg to BTEX ratio in Figure 6 indicates both volatilization and degradational
mechanisms at work. The TPHg to BTEX ratio increases significantly as it moves downgradient
in the soil. At the residual source area, represented by sample E3-16°, the ratio is 6.6, showing
significant BTEX, while at the intermediate location of B13 the ratio is 16 while the most
downgradient soil sample, at MW-4 shows a ratio of 75. This demonstrates that the BTEX
components in the soil have volatilized or been biodegraded more quickly than the TPHg.

SOIL REMEDIATION METHOD EFFECTIVENESS & IMPACT
OF RESIDUAL CONTAMINATED SOIL

The soil remediation program objective of identifying and excavating the residual contaminated soil
with TPHg, TPHd and BTEX above about 100 mg/kg in order to remove a potential long-term
source of groundwater contamination was successfully completed in 1993, within the mitations of
the slope stability constraints. Due to the location of the excavation being near the top of a landslide

arca, the excavation could not remove small pockets of relatively high concentration TPH-
contaminated soil.

The distribution of the residual TPH soil at depth along the length of the 150-foot long plume makes
it 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. The soil in this area should be rich in TPH degrading microbes based on the
general soil profiles suggesting adequate nutrients and moisture. The oxygen, however, may be
somewhat depleted in the area of the highest concentrations of TPH. Typical in-situ biodegradation
rates calculated from respiration tests at bioventing pilot tests in soils in the literature 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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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 degradation. Indigenous microbes common
to the type of soils found, in combination with the low concentrations of residual contamination at
the site, should result in reduction of the TPH to non-detectable levels over time, even with relatively
low biodegradation rates (Howard and others, 1992).

The key to evaluating the impacts of leaving the residual soil contamination in place is the extent
to which it will continue to degrade groundwater quality and ultimately what the maximum “worst-
case” concentrations will be at the groundwater-creek interface. Based on the initial data evaluation,
Monitored Natural Attenuation (MNA) is a viable remedial remedy to address the residual
contamination, particularly if the current conditions are representative of the “worst-case” scenario.
The determination of the extent to which a slug of higher concentration contamination is expected
will be assessed in the next phase of the investigation using an attenuation model, as discussed in
more detail in a subsequent section of this report. If it is determined that there will be greater
concentrations of significance, or if the current conditions pose unacceptable impacts to the creek
biological community, then other interim remediation systems should be considered. The most
promising of these are: 1) a cut-off or reactive wall across the transverse section of the plume just
upgradient of the creek; 2) a vapor extraction system, or 3) the use of oxygen releasing compounds
to catalyze the degradation of hydrocarbons.

GROUNDWATER HYDROCHEMISTRY AND
GROUNDWATER PLUME STABILITY ANALYSES

There have been 13 groundwater monitoring events completed at 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 chemical analyses is provided in Table A.2 (Appendix A) and hydrochemical
trend plots for individual constituents are also included in Appendix A.

Figure 8 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 the TPHd, TPHg and BTEX
constituents on one plot. The PHg and benzene concentrations show a generﬁlly downward trend
line. The TPHd, ethylbenzene and xylene concentrations show a reducing trend and the start of
stabilization from about 1997. Toluene, with the lowest concentrations, shows a reduction until mid-
1996, and then an increase through the latest September 1998 sampling. The sharper TPHg and
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Figure 8
Historical Ground Water Analytical Results: Well MW-4
Four Quarter Moving Average
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benzene reductions are likely to be the result of volatilization. Appendix D 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 downward trend, reflecting the secasonal 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 with volatilization can be
evaluated by comparing site groundwater contamination concentrations reductions from historical
maxima to current conditions. Because of the significant seasonal variations in groundwater
contaminant concentrations, contaminant reduction calculations in Table 4 are based on November
1994 and September 1998 analytical results, as these events are representative of the same seasonal
conditions.

As discussed previously, only site wells MW-2 and MW-4 have persistent contaminant
concentrations. Maximum TPH and BTEX concentrations have historically been detected in
downgradient well MW-4, the well closest to Redwood Creek, indicating that the center of the mass
of the groundwater plume has moved from the source area and beyond MW-2. As shown in Table 4,
some reductions in TPH and BTEX concentrations have occurred in both wells MW-2 and MW-4
since November 1994. However, as illustrated in Figure 8, the fluctuations in concentrations suggest
continuous input from the residual contaminated soil at the source area and in the downgradient
smear zone. Whether or not higher concentrations in well MW-4, and subsequently the creek, will
occur in the future will be evaluated in the next phase of the investigation by additional site
characterization and the output of the attenuation model.

GROUNDWATER IMPACTS AND BENEFICIAL USE

In general, impacts of contamination on the environment by TPH and BTEX are evaluated on a case-
by-case basis with consideration given to MCLs and Als when designated (as for BTEX). As
discussed in the previous section while the concentrations in the groundwater can be compared to
MCLs or Als for the BTEX compounds, there are no such ARARs for TPHg and TPHd and there
is no use of the groundwater in this area for drinking water or other water supply purposes. The
beneficial use to the groundwater is entirely associated with its recharge of the surface water to
Redwood Creek. This same recharge, as evidence by the area of daylighting of the plume at the
creek base in times of low flow, is the area where the impact analyses of the beneficial uses lie.

While the ARARSs for surface water have not been exceeded in the recent analyses of the surface
water at the point of entry into the creek, the Department of Fish and Game (DFG) requires that an
evaluation be conducted to determine that the “placement” or release of contamination does not
adversely affect the instream biota.  The inland water quality criteria address the
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Table 4
Contaminant Concentration (in pg/1.) Reductions

MW-1 TPHd <50
TPHg <50 NR NR NR NR
BTEX <0.5
MW-2 TPH4 89 2/1995 <50 <50 NC
TPHg 2,000 2/1998 66 <50 132%
BTEX 1,112 2/1998 43 <0.50 860%
MW-3 TPHd <50
TPHe <50 NR NR NR NR
BTEX <0.5
MW-4 TPHd 440 5/1995 230 <50 460%
TPHg 11,200 2/1995 2,600 1,800 69%
BTEX 1,033 2/1995 362.8 103.8 350%
MW-5 TPHd <50 NR <50 <50 NC
TPHg 80 8/1996 50 <50 NC
BTEX 0.60 2/1995 <0.5 <0.5 NC
MW-6 TPHd <50
TPHg <50 NR NR NR NR
BTEX <0.5

Notes: NC = Not Computable; NR = Not Relevant

acute and chronic toxicity, which the concentrations are below, but the DFG also requires that an
instream bioassessment study be conducted to evaluate if any reproductive effects on fish and
invertebrates be conducted. The preferred protocol for an instream biassessment has been provided
to SES by DFG and are included as Appendix D.

A key issue in the completion of such an evaluation of the beneficial use and possible impacts of the
contaminated groundwater is the extend to which the current observed concentrations are indicative
of future concentrations.
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6.0 CONCLUSIONS AND RECOMMENDATIONS

SUMMARY AND CONCLUSIONS

The summary and 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 September 1998 sampling
event conducted by SES.

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 550 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.

& Groundwater sampling conducted on an approximately quarterly frequency since November
1994 (13 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.

B 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 September 1998 groundwater analytical data showed results consistent with previous
analyses, with only wells MW-2 and MW-4 showing detectable contamination, and
maximum concentrations detected in well MW-4. In addition, “post-purge” groundwater
contaminant concentrations are significantly greater than “no-purge” concentrations, and are
more representative of historical groundwater hydrochemistry.
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m Maximum groundwater contaminant concentrations have historically been detected in
downgradient well MW-4, suggesting that the center of mass of the contaminant
groundwater plume may have moved from the UFST source area and beyond well MW-2.
Based on historical, limited grab-groundwater sampling analytical results, it is likely that
greater contaminant concentrations will occur in well MW-4, and subsequently Redwood
Creek, as the plume migrates downgradient. Confirming this hypothesis will require
additional site characterization to define the lateral extent and magnitude of the groundwater
plume followed by use of a analytic attenuation model.

®  The limits of the groundwater contaminant plume are well defined by site groundwé&er
monitoring wells, and extends from the source area to Redwood Creek, a distance of
approximately 150 feet. The maximum width of the plume, as defined by cross-gradient
wells MW-3 and MW-5, is approximately 230 feet, and is likely substantially more narrow.

m Discharge of petroleum-contaminated groundwater into Redwood Creek is evidenced by:
historical observation of petroleum-discolored soil in the bank of Redwood Creek
downgradient of the former UFSTs; periodic 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,

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.

m  Site groundwater contaminants that have been historically and currently detected in excess
of drinking water standards at well MW-4 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. Based on the absence of detected benzene immediately
downstream of the site, it is uniikely that benzene would be considered a potential impact
to the nearest drinking water source (Upper San Leandro Reservoir).

®m  The DFG code stipulates a zero-discharge policy, unless it can be demonstrated that complete
removal of the petroleum is infeasible and that instream biota are not affected. The latter
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criterion can be demonstrated by conducting a stream bioassessment in accordance with
established DFG protocols.

The estimated maximum surface water contamination concentrations expected can be most
cost-effectively determined by further site characterization of soil and groundwater
contamination and the use of an analytical attenuation model. Potential impacts to human
health receptors from surface water contamination can be determined by conducting a risk-
based assessment.

If current or projected conditions do not pose unacceptable impacts to Redwood Creek,
Monitored Natural Attenuation (MNA) could be a viable remedial strategy to address
residual site contamination. Otherwise, interim remedial measures may be required.

RECOMMENDATIONS

Based on the data collected, the following recommendations are made:

/s

Conduct a limited soil and hydropunch site investigation to provide the data gaps necessary
to delingate the concentration gradient across and within the plume and to validate the

assumed boundaries of the plume.

Conduct an additional (in December 1998) groundwater monitoring and analysis event in
which natural attenuation parameters such as dissolved oxygen, redox potential and iron
concentrations are measured, in addition to historically conducted laboratory analyses. We
recommend that hydrochemical analyses be discontinued in transgradient well MW-5 based
on the historical absence of signficant detectable contamination at that location.

Conduct an additional (in December 1998) creek surface water sampling and analysis event.

Complete a two-dimensional analytical attenuation model using the data collected in the first
two recommendations to evaluate the extent of biodegradation that is expected and what the
likely concentration range at the Redwood Creek interface will be. Such a model, using site-
specific data where feasible and literature-based values where applicable, will provide a
determination of the probable degradational cycle of the plume and residual soil
contamination.

Complete a RBCA Tier 2 risk assessment based on the output data of the attenuation model.
This will provide a conservative assessment of the pathways of exposure and impacts to
human health receptors.
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® Per the recommendations of DFG, complete an initial instream bioassessment of
macroinvertebrates, in conformance with the DFG procedures, to evaluate if there are any
immediate impacts of concern. This should preferably be completed in November 1998, at
the beginning of the rainy season. The need for subsequent bioassessment events should be
evaluated based on the findings of the proposed investigations

® Complete and submit to the Disirict, ACHCSA and DFG a comprehensive report
summarizing the investigation activities and findings, including recommendations for
implementing the appropriate remedial strategy.
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8.0 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 and on the September 1998 groundwater sampling event conducted
by SES. 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 qualified 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, Groundwater and Creek Surface
Water Analytical Results




Table A.1
Summary of Soil Sample Analytical Results
Redwood Regional Park Corporation Yard
QOakland, California

UFST Confirmation Samples — May and June 1993 (*indicates soil from that location was removed)

DT-1* 10 NA 4 < 0.005 < 0.005 <0.005 <0.005
DT-2* 10 NA 3 <0.005 <0.005 <0.005 <0.005
GT-1% 12 800 NA 6.3 43 18 94
GT-2 12 2,200 NA 19 120 45 250
E1-17 17 <1 NA <0.005 < (.005 < 0.005 <0.005
E2-16 16 <1 NA < 0.005 < 0.005 < 0.005 <0.005
E3-16 16 12,000 NA 30 390 230 1,100
E4-13 13 6 NA 0.37 0.006 0.1 0.1
Es-7.5 7.5 <] NA <0.0035 < 0.005 <0.005 <0.005
Exploratory Barehole Samples - September and October 1994
Bl-11 11 <1 NA <0.005 < 0.005 < 0.005 <0.005
B1-27 27 <1 NA < 0,005 <0.005 < 0.005 < 0,005
B2-11 11 <1 NA <0.005 <0.005 <0.005 <0.005
B2-15 15 <1 NA <0.005 <{.005 < 0.005 < 0.005
B3-12 12 <1 NA <0.005 <0.005 < 0.005 <0.005
B3-13 18 <1 NA < 0.005 < 0.005 <0.0035 < 0.003
B4-18 18 <1 NA <0003 <0.005 < 0.005 < 0.005
B4-23 23 <1 NA < 0.005 <{.005 < 0.005 <0.005
Bs-11 1 <] NA < 0.005 <{.005 <0.005 < 0.005
B7-12 12 <1 NA < 0.005 <{).005 <{0.005 <0.005
B8-4 4 <1 NA <0.005 <0.005 <0.005 <0.005
B3-10 10 <1 NA <0.005 < (.0035 <{.005 - <0.005
B9-11 It 370 NA 1.7 7.9 6.9 34
B9-21 21 <1 NA ¢.1 0.011 0.017 0.06%
B9-28 28 <1 NA <0.005 0.033 0.035 0.14




B10-6
B10-21 21 <1 7 < 0.005 < 0.005 < 0.005 <0.005
B1I-11.5 11.5 <1 <2 0.021 < 0.005 <0.005 < (.005
B12-14.5 14.5 150 NA 0.24 0.44 1.7 4.6
BI2-15 I5 77 NA 0.15 0.24 0.9 2.7
B12-21 21 97 NA 0.46 1.2 2 54
B13-12 [2 1,500 NA <04 <0.4 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
Bl6-17.5 17.5 50 NA <0.1 <01 0.2 0.2
BI17-12.5 12.5 <1 NA < 0,005 < 0.005 <0.005 <0.0035
Monitoring Well Installation Borehole Samples — October 1994
MW1-5 3 <1 3 <0.005 <0.005 <0.005 <0.005
MWwW-21 21 130 48 0.31 0.18 L3 4.4
MW3-10 10 <1 3 <0.005 <(.005 < 0.005 <0.003
MW3-25 25 <1 5 <0.005 < (L0035 < (.005 <(0.003
MW4-15.5 15.5 22 4 < 0.005 0.038 < 0.005 0.49
MW4-16.5 16.5 10 43 <0.005 0.009 0.11 0.21
MWS5A-15 15 570 200 <0.005 1.1 1.9 2.9
MW3-15 15 <l 2 <0.005 < {(.0035 <0.005 <0.005
MW6-19 19 <1 2 <0.005 <0.003 <0.005 <0.005

Notes:

TPH-G ~ Total petroleum hydrocarbons — gasoline range
TPH-D/K - Total petroleum bydrocarbons — diesel/kerosene ranges
NA = Not Analyzed




. |

Table A.2

GROUNDWATER ANALYTICAL SUMMARY
November 1994 - February 1998
Redwoed Regional Park Service Yard, Oakland, California

Sample MRL  Nov. Feb., May August May August Dec. Feb. May  August Dec. Feb.
1D Analyte (ug/L) 1994 1995 1995 1995 1996 1996 1996 1997 1997 1997 1997 1998
MW-1 TPH-G 50 ND ND ND ND * * * * * ¥ * *
TPH-D/K 50 ND ND ND ND * * * * * * * *
BTEX 0.5 ND ND ND ND * * * * * * * *

MW-2 TPH-G 50 66 89 ND ND ND ND ND ND 67 ND 6! 2,000
TPH-D/K 50 ND ND ND ND ND ND ND ND ND ND ND 200
BTEX 0.5 43 29.6 8.0 5.7 ND ND 79 1.2 14.0 56 314 1,112

MW-3 TPH-G 50 ND ND ND ND * * * * * * * *
TPH-D/K 30 ND ND ND ND * * * " * * * *
BTEX 0.5 ND 0.8 ND ND ¥ * * * * * * *

Mw-42  TPH-G 50 2,600 11,000 7200 1,800 1,100 3,700 2,700 3,300 490 1,800 1,000 5300
TPH-D/K 50 230 330 440 240 140 120 240 ND ND 130 84 340
BTEX 0.5 3628 1,337 1,033 2273 98 409 242 372.5 13.4 1427 1225 908

MW-5 TPH-G 50 50 70 ND ND ND 80 ND ND ND ND ND ND
TPH-DYK 50 ND ND ND ND ND ND ND ND ND ND ND ND
BTEX 0.5 ND 0.6 ND ND ND ND ND ND ND ND ND ND

MW-6 TPH-G 50 ND ND ND ND - * * * * * * * *
TPH-D/K 50 ND ND ND ND * * * * ¥ * * ¥
BTEX 0.5 ND ND ND ND * * ¥ * *
Motes:

TPH-G = Total petroleum hydrocarbons, gasoline range (California Department of Toxic Substanees Control [DTSC] Leaking Underground Fuet Tank [LUFT] Field Manual Method).

TPH-D/K = Total petroleum hydrocarbons, dieset end kerosene range (California Department of Toxic Substances Control [DTSC] Leaking Underground Fuel Tank [LUFT] Field Manual Method).
BTEX = Benzene, toluene, ethylbenzene and total xylenes {(EPA Method 8020).

ND = Not detected above MRL.

MRL = Method reporting imit.

* = Well not sampled.

{a) = Concentration is for the field sample as opposed to the field duplicale sample.

ng/L = micrograms per liter (equivalent to parts per billion),
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Table A.3

CREEK SURFACE WATER ANALYTICAL SUMMARY
February 1994 - February 1998
Redwood Regional Park Service Yard, Oakland, California

Sample MRL  February/March May  August May August  December February August December  February
D Analyte {(ug/L) 1994 1995 1995 1996 1996 1996 1997 1997 1997 - 1998
SW-® TPH-G 50 50 ND * ND ND ND ND ND ND ND
TPH-D/K 50 ND ND ¥ ND ND ND ND ND ND ND
BTEX 0.5 ND ND * ND ND ND ND ND . ND ND
SW.2® TPH-G 50 130/80 ND ND ND 200 ND ND 350 ND ND
TPH-D/K 50 ND/ND ND ND ND ND ND ND 130 ND ND
BTEX 0.5 3.5/4.6 ND ND ND 12.9 ND ND 43.6 ND ND
SW-3 TPH-G 50 * ND ND ND 69 ND NI ND ND ND
TPH-D/K 50 * ND ND 74 ND ND ND ND ND ND
BTEX 0.5 * ND ND ND ND ND ND ND ND ND
Notes:

{a) Sample name is CW-2 for February 1994 sampling event.
{p) Sample name is CW-] for February 1994 and CW-3 for March 1994 sampling event.

TPH-G = Total petroteum hydrocarbons, gasoline range (California Department of Toxic Substances Control [DTSC) 1_eaking Underground Fuel Tank [LUFT] Field Manual Method).

TPH-DVK = Tutal petroleum hydrocarbons, diesel and kerosenc range (California Department of Toxic Substances Control [DTSC] Leaking Underground Fuel Tank [LUFT] Field Manual Method).
BTEX = Benzene, toluene, ethylbenzene and total xylenes (EPA Method 8020).

WD = Not detected above MRL. .

* = [ocation not sampled.

MRL = Method reporting limit,

All concentrations are pug/L. (cquivalent to parts per billion).
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Hydrochemical Trend Plots
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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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100 : — : : , i i :
Mar-94 Sep-94 Apr-95 Oct-95 May-96 Dec-96 Jun-97 Jan-98 Jul-28 Feh-99

Redwood Reglonal Park Service Yard, Oakland, Californla




Historical Ground Water Analytical Results: Well MW-4
TPH-diesel
1.000 Redwood Regional Park Service Yard, Qakland, California
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Concentration in Groundwater {ug/L})
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Historical Ground Water Analytical Results: Well MW-4

Benzene '
1.000 Redwood Regional Park Service Yard, Oakland, California
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Historical Ground Water Analytical Results: 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
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Historical Ground Water Analytical Results: Well MW-4

Total Xylenes
1,000 Redwood Regional Park Service Yard, Oakland, California
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WELL HEAD INSPECTION CHECKLIST AND REPAIR ORDER

lient STELLAR ENV. " Inspection date; DXy
Gt SOLUTIONS L
Site address __ I;Gd“;’md Reg. Park Service inspected by: o s

ar I
Oakland, CA BTS Event # _SRussSuihy =N\

1.Lid onthe box? Yes No |5. Water standing inthe wellbox? |7, Can cap be pulled loose?

2. Lid whole? |5a. Standing above well top? 8. Can cap seal out water?

3. Lid secure? : 3b. Standing below well top? 9. Padlock present?

4. Lid seal intact? Sc. Water even with top of well cap? |10. Padlock found locked?

' 6. Well cap/plug present? 11. Padlock functionai?

[ ] Check box if no deficiences were found.  Note beiow deficiencies you were able to comect.

Well L.D. Deficiency ' Corrective Action Taken

Note below all deficiences that could not be corrected and still need to be corrected.

BTS Office assigns or Date Date
Well 1.D. Persisting Deficiency defers Correction to: assigned corrected
Office review and assignments made by date

Blaine Tech Services, Inc. File WELLCHK.s







WELL MONITORING DATA SHEET

Project #: =S\t Client: SwaNer e A\~ <
l Sampler: S aetel\ ™ty Start Date: o0 S\
i Well ID.: o= Well Diameter: <35> 3 (& 6 3
Total Well Depth: . Depth to Water: - .3\
l Before: - After: Before: After:
Depth to Free Product: Thickness of Free Product (feet):
l Referencedto: vod Grade D.O. Meter (if req'd): YSI HACH
' Purge Method: Baiier Sampling Method: Bailém
Disposable Bailer * Disposable Bailer
Middleburg Extraction Port
' Electric Submersible % Other: _
Extraction Pump '
Other: We;i Diameter _ Muitiplier — Well Digmeter _ Muitinlier
I 2" Q.18 5" 1.02
Was (Gas)X X = NS Gais. ¥ 0.37 5 Lar
1 Case Volume Specified Volumes  Caiculated Volume x4 0.63 Other radius”* 0.163
Time |Temp (°F) pH Cond. Turbidity (Gals. Removed Observations
| Sedas Sl o [PV S\
S i SN s W oL S S
'O\xQ Ay s SR [Dw N\ - L -
st | SN g LI\ s
IDid well dewater? Yes (N Gallons actually evacuated: “wea .=
Sampling Time: s~a.-2®re / W.m=-2¥esx Sampling Date: SA N\ =
. N, =
Sample ILD.: ~s - Laboratory: Qe a4 Sowmgsiv=
i .
alyzed for: \omiLg BIEX MIBE TPHD Other:
quipment Blank ID.: © e  Duplicate LD.:
‘Analyzed for: TPH-G BTEX MIBE TPH-D Other:
L. (if req'd): Pre-purge:; " Post-purge:{ "h
ORP (if req'd): Pre-purge: mV Post-purge: mV




WELL MONITORING DATA SHEET

Did well dewater? Yes

)

Gallons actually evacuated: 2=\

Sampling Time: e -\®w= [ Y-Sk Sampling Date:  sdasd\=3,

~.,

Sample IL.D.: o

T g iy
i
Qo

Laboratory: Sueit s @« Sowmsierg

Vi

Analyzed for: \qpt.G_BTEX MIBE TPHD Other:

Equipment Biank 1.D.: e Time Duplicate LD.: WAa~Q 4 @OWD
Anaiyzed for: ($pH.G BTEX WITBE TPHD Other

D.0. (if req'd): Pre-purge: ™ Post-purge: i
ORP (if req'd): Pre-purge:{ mvVv Post-purge: mV

Project # S\ oo™ Client: SnaMer Ce. a2 am
Sampler: N aeNe \ Sy Start Date: o\ o l
Well LD.: s =5 Well Diameter: G2 3 (@ 6 8 1
Total Well Depth: N Depth to Water: ~s.s=
Before: - After: Before: After: I
Depth to Free Product: Thickness of Free Product (feet): I
Referenced to: @ Grade D.O. Meter (if req'd): YSI HACH
Purge Method: Bailer Sampling Method: Bailer» l
Disposable Bailer ~ Disposable Bailer
Middleburg Extraction Port
Electric Submersible % Other: l
Extraction Pump
Other: Well Diametey_ Multiplier __ Well Dismeter __Multigiier
- 2" 0.18 bl 1.02 '
AN (GaEX D = 2% Gus| | ¥ 037 ¢ a1
1 Case Volume Specified Volumes  Calculated Volume ¢ 0.3 Other radius” * 0.163 .
Time |Temp(°F)| pH Cond. Turbidity Gals. Removed Observations

| Sedl Sl Qe — [ PreSeeny %“'-*:\"
LS SR A R YE WY oS D ey
¥s3 =25 LA R~ I




WELL MONITORING DATA SHEET

Project # e maauv-w\ Client: SxaNior Tovcw . N\ m S
I Sampler: N aeNs_\ S Start Date: o\ \o®
JWellD:  we-s Well Diameter: 533 3 @y 6 8

Total Well Depth: 2%. Depth to Water: s
I Before: After: Before: After;
I Depth to Free Product: Thickness of Free Product (feet):

Referenced to: QD\VB Grade D.O. Meter (if req'd): YSI HACH
I Purge Method: Bailer Sampling Method: Bailerx

Disposable Bailer Disposable Bailer
Middleburg Extraction Port
l Electric Submersible % Other:
Extraction Pump
I Other: Weil Diameter _Multiplier __ Well Diameter _Multiglier
-5 2" 0.16 5" 1.02
N (GasyX | R = PR\ Gaks. > 037 & b
l 1 Case Volume Specified Volumes Calculated Volume A 065 Other radius” * 0.163
Time {Temp (°F) pH Cond. Turbidity Gals. Removed Observations
BN S\ [ v e S W . o) Q\.M}\‘ -q‘}.tq;i
I 3w | BN TN WL\ Yo
i
“anm .
l < 2 i YA I e P 2 %N
Did well dewater? Yes Gallons actually evacuated: =
lSampling Time: weee="S ¥era. | v~ SwaSampling Date: ENCCRCCY
- . W =
-~ Sample 1L.D.: | / A Laboratory: Qe < S COVPS S TV
L
lAnalyzed for: M MTBE TPH-D} Other:
Equipment Blank 1.D.: @ Time Duplicate LD

Analyzed for: TPH-G BTEX MIBE TPH-D Other:

'D.O. (if req'd): Pre-purge:; " Post-purge: ™

f)RP {if req'd): Pre-purge: | mV Post-murge: mV




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

ANALYTICAL REPORT

Prepared for:

Stellar Environmental Solutions
2110 6th Street
Berkeley, CA 94710

Date: 13-0CT-98
Lab Job Number: 135658
Project ID: 98031
Location: Redwood Regional Park

Reviewsd by: /Ty 2% 7
y ~

Vo

7Y (

This package may be reproduced only in its entirety.

Reviewed by:




3'TvﬁiTotal Volatile Hydrq¢érbons :

Page 1 of 2

O & Tompkins, Tid

Client: Stellar Environmental Solutions Analysis Method: EPA B015M

Project#: 98031 Prep Method: EPA 5030

Location: Redwood Regional Park
3
| sample # Client ID Batch # Sampled Extracted Analyzed
| .
[
| 135658-001 MW-2 PRE 43551 0s/18/98 09/24/98 09/24/98
| 135658-002 MW-2 POST 43551 DS/18/98  09/24/98 D0D9/24/98
| 135658-003 MW-4 PRE 43551 p9/18/98 09/24/98 09/24/98
| 135658-004 MW-4 POST 43551 09/18/98 p9/24/38 po/z24a/98
L

Matrix: Water
| 1
| Analyte 135658-001 135658-002 135658-003 135658-004 |
| Diln Fac: 1 i
F i
| Gasoline Q7-CiL2 <50 330 |
} I
| Surrcgate !
- a
| Trifluorotoluens 111 117 {
| Bromofluorobenzene 120 131 |
L i

e i

B N - e Wy S



Page 2 of 2

[ TVH-Total Volatile Hydrgcarbons: - W E
[ o i A |
; 1
| Client: Stellar Environmental Solutions Analysis Method: EPA BO1l5M ]
| Project#: 98031 Prep Method: EPA 5030 |
| Location: Redwood Regional Park |
L I
I |
| sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
L 3
I 3
| 135658-005 MW-5 PRE 43551 09/18/98 09/24/98 09/24/98 |
| 135658-006 MW-5 POST 43551 09/18/98 09/24/98 09/24/98 |
| 135658-007 MW-0OA 43551 09/18/98 09/24/98 09/24/98 |
L )
Matrix: Water

] T
| Bnalyte Units 135658-005 135658-006 135658-007 {
| Diln Fac: 1 1 1 ]
l i
1 ]
| Gasoline C7-C12 ug/L <50 <50 1600 |
1 |
I i
| Surrogate |
| s
| Trifluorotoluens $REC 110 113 135 |
| Bromoflucrcbenzene §REC 116 119 143 |
{ )




c Curtis Balaenekigs Lig.

I ] A
| BTXE . ¥
| Client: Stellar Environmental Solutions Analysis Method: EPA B020A |
| Project#: 958031 Prep Method: EPA 5030 i
| Location: Redwood Regional Park |
- }
| i
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| ]
I |
| 135658-001 MW-2 PRE 43551 09/18/98 0%/24/98 09/24/98 |
| 135658-002 MW-2 POST 43551 09/18/98  03/24/98 09/24/98 |
| 135658-003 MW-4 PRE 43551 09/18/98 09/24/98 09/24/98 ]
| 135658-004 MW-4 POST 43551 09/18/98 09/24/98 09/24/98 |
—_ ]
Matrix: Water

I I
| Analyte Units 135658-001 135658-002 135658-003 135658-004 |
| Diln Fac: 1 1 1 1 |
| ; J
! 1
| MTBE ug/L 6.7 7 5.4 23 I
| Benzene ug/L <0.5 <0.5 <0.5 8.9 |
| Toluene ug/L <0.5 <0.5 <0.5 <0.5 |
| Ethylbenzene ug/L <0.5 <0.5 5 68 |
| m,p-Xylenes ug/L <0.5 <0.5 0.54 25 |
| o-Xylene ug /L <0.5 <0.5 <0.5 1.9 |
* .
| Surrogate !
- !
| Triflucrotoluene %$REC 108 109 118 115 |
| Bromofluorobenzene $REC 118 118 124 138 ]
I i




Cb Curtis ologpkig Lid

I - ) , |
| BTXE - |
[ . PN RSSO A . |
I |
| Client: Stellar Environmental Solutions Analysis Method: EPR 8020A |
| Project#: 98031 Prep Method: EPA 5030 |
| Location: Redwood Regional Park ]
1 !
I 1
| sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
1 }
I ]
| 135658-005 MW-5 PRE 43551 09/18/98 09/24/98 09/24/98 |
| 135658-006 MW-5 POST 43551 09/18/98  09/24/98 09/24/98 |
| 135658-007 MW-0A 43551 09/18/98 02/24/98 09/24/98 |
L I
Matrix: Water

I I
| Analyte Units 135658-005 135658-006 135658-007 |
| Diln Fac: 1 1 1 |
I |
I I
| MTBE ug/L <2 <2 38 |
| Benzemne ug/L <0.5 <0.5 9.8 |
| Toluene ug/L <0.5 0.5 <0.5 |
| Ethylbenzene uga/L <0.5 <0.5 64 |
| m,p-Xylenes ug/L <0.5 <0.5 22 ]
| o-Xylene ug/L <0.5 0.5 2.3 {
I |
I |
| Surrogate |
'r |
| Triflucrotoluene $REC 111 112 124 |
| Bromofluorcbenzene %REC 117 118 141 |
1 )




Lab #: 135658

BATCH QC REPORT

Ligl.

7

Curtis Boloangpking

Client: Stellar Environmental Solutions
Project#: 98031
Location: Redwood Regional Park

Analysis Method: EPA B8020A
EPA 5030

Prep Method:

____._____,_...._.___

09/23/98

e e e — s e e e — s ——

Matrix: Water Prep Date:

Batch#: 43551 Analysis Date: 0s/23/98

Units: ug/L

Diln Fac: 1

LCS Lab ID: QC80535
I 1
| Analyte Result Spike Added $%Rec # Limits |
| |
| 1
| MIBRE 20.89 20 104 65-135 |
| Benzene 16.31 20 82 69-109 ]
| Toluene 19.58 20 98 72-116 |
| Ethylbenzene 20.85 20 104 67-120 |
| m,p-Xylenes 42.07 40 105 69-117 |
| o-Xylene 21.27 20 106 75-122 |
| ]
I 1
| Ssurrogate %Req Limits |
| —
| Trifluorotoluene 110 53-124 |
| Bromofluorobenzene 120 41-142 |
L J

# Column to be used to flag recovery and RED values with an asterisk

* Values outside of QC limits
Spike Recovery: 0 out of 6 outside limits




Lab #: 135658

BATCH QC REPORT

C

Curtis gangwgkigsf Lig.

BTXE

Client:

Stellar Environmental Solutions

Analysis Method: EPA 80202

Diln Fac: 1

Project#: 98031 Prep Method: EPA 5030
Location: Redwood Regional Park
...,:METHQp]thNK}ij R i T
..... T PR R N L D i
1
Matrix: Water Prep Date: n9/23/98 i
Batchi#: 43551 Analysis Date: 09/23/98 |
Units: ug/L |
I
]

MB Lab ID: QCBD596

| -

I !
| Aanalyte Result |
i |
; i
| MTEE <2.0 |
| Benzene <0.5 |
| Toluene <0.5 !
| Ethylbenzene <0.5 [
| m,p-Xylenes <0.5 |
| o-Xylene <0.5 |
| |
| |
| Surrogate %Rec Recovery Limits |
| |
I 1
| Triflucrotoluene 111 53-124 I
| Bromofluocrobenzene 117 41-142 I

]




Lab #: 135658 BATCH QC REPORT c Curtis gJlopngkings Lig.
R : — BTXE — OREEEE
Client: Stellar Environmental Solutions Analysis Method: EPA 8020A
Project#: 98031 Prep Method: EPA 5030

Location: Redwood Regional Park

Field ID: MW-OA Sample Date: 02/18/98

Labk ID: 135658-007 Received Date: 0s/18/98
Matrix: Water Prep Date: 09/24/58
Batch#: 43551 Analysis Date: 09/24/38
Units: ug/L

Diln Fac: 1

———— e e — ————— —
e s — —— — s apli cpirr el = o e wedrn e )

b s e it Sy, e W —— —————— w——- ——ae A -

M3 Lab ID: QCBO597

I

| Analyte Spike added Sample MS %Rec # Limits
1

I

| MTBE 20 37.51 54.07 83 65-135
| Benzene 20 9.83 27.42 88 55-125
| Toluene 20 <0.5 23.4 117 65-126
| Ethylbenzene 20 64.34 81.38 85 60-129
| m,p-Xylenes 40 21.58§ 62.94 103 68-116
| o-Xylene 20 2.27 24.15 102 69-129
|

I

| Surrogate %Rec Limits

i

I

| Trifluorotoluene 1256%* 53-124

| Bromofluorobenzene 143* 41-142

E

MSD Lab ID: QCB0598

f 1
| Analyte Spike Added  MSD tRec # Limits RPD # Limit |
| ')
I ]
| MTRE 20 54.81 B7 €5-135 1 20 i
| Benzene 20 28.19 92 55-125 3 11 }
| Toluene 20 24.26 121 65-126 4 11 |
| Ethylbenzene 20 82.78 92 60-129 2 12 i
| m,p-Xylenes 40 64.82 108 68-116 3 11 i
| o-Xylene 20 24.5% 114 69-129 3 12 |
I 1
| 1
| Surrcgate tRec Limits |
| .
| Trifluoroteluene 123 53-124 |
| Bromofluorcbenzene 143+ 41-142 |
L J
# 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




Lab #: 135658 BATCH QC REPORT Page 1 of 1

TVH-Total Volatile Hydrocarbons e

Client: Stellar Environmental Sclutions Analysis Method: EPA 8015M -
Project#: 98031 Prep Method: EPA 5030
Location: Redwood Regional Park

e —————— 1

Matrix: Water Prep Date: 09/23/98

Batch#: 43551 Analysis Date: 09/23/98

Units: ug/L

Diln Fac: 1
MB Lab ID: QC80596
r 1
| Analyte Result |
L i
f 1
| Gasoline C7-C12 <50 |
L i
F i
| surrogate %Rec Recovery Limits |
| i
r ]
| Trifluorotoluene 110 59-162 ]
| Bromofluorobenzene 115 59-162 |
| ]




GCO5 'G' File TVH

Sample Name : 5,1356589-003,43551, Sample #: Page 1 of 1
FileName : G:\GCOS\DATR\266G024.raw Date : 9/24/98 10:14 AM

Method ; TVHBTXE Time of Injection: 9/24/98 01:38 AM

Start Time : 0.00 min End Time : 26.80 min Low Point : 9.78 mv High Point : 259.78 mV

Scale Factor: -1.0 Ploc Offget: 10 mv Plot Scale: 250.0 mV

Response [my]

0ct
0p

r e = 2 05 2 & & oz
e B2 08 2 B s 8 B g o
. ittt adaalec e b ool i il
— R -1.2
= = 1
- e _2.0
= T £ 1
— g —J.
E = _3.s;
e e “40
-~ - .3
= {r) .s.a
- S 55.
S TRIFLUO .. 7 —
= =
o oo
=

= ey
_ T ol
I —

3 . IBROMOF. —— -

= - 14,
B = :Eg T15' }
= - _18.

7] s _18.

= ) 17
= _ 14
e f ~18.

= - 18,
. *gf; 9.
- : -8

= = 20
= i 3

= o= =22

= ;g 23,
o = 2 _23.
= J
T3 " —26.1




4

GC05 'G' File TVH

Sample Name : S,135658-004,43551, Sample #: Page 1 of 1
¥ileName : G:\GCOS\DATA\266G025.raw Date : 9/24/98 02:42 AM

Method : TVHBTXE Time of Injection: 9/24/98 02:15 AM

Start Time : 0.00 min End Time : 26.H0 min Low Point : 9.8% mv High Point : 259.89 mV
Scale Factor: ~-1.0 Ploc Offset: 10 mV Plot Scale: 250.0 mV

fesponse [my]
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GC05 'G' File TVH '
Sample Name : MSS5,135658-007,43551, Sample #: Page 1 of 1
FileName : G:\GCOS\DATA\266G028.raw Date : $/24/98 04:32 AM I
Method : TVHBTXE Time of Injection: 9/24/9%8 04:04 AM
Etart Time : 0.00 min End Time : 26 .80 min Low Point : 10.17 mV High Point : 260.17 mv
Scale Factor: -1.0 Ploc Offset: 10 wV Plot Scale: 250.0 mV '
Response [my]
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GC05 'G' File TVH
Sample NWame : CCV/LCS,QC80594,9BWS6389,43551, Sample #: GAS Page 1 of 1
FileName : G:\GCOS5\DATA\266G001.raw Date : 9/23/98 1i1:27 AM
Method : TVHBTXE Time of Injection: 9/23/98 10:59 AM
Start Time : 0.00 min End Time : 26 .80 min Low Point : 11.23 mv High Point : 261,23 mV
Scale Factor: -1.0 Plot Offset: 11 mV Plot Scale: 250.0 mV
6@00’(4-‘“(_ Response [mV]
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":jl:i; Curtis Sedgrnpkirg.f1a

TEH-Tot Ext Hydrocarbons

L 4

Client: Stellar Environmental Solutions Analysis Method: EPA 8015M

ProjectH#: 98031 Prep Method: EPA 3520

Location: Redwood Regicnal Park Cleanup Method: 3630 gome
T ]
| sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
] i
I ]
| 135658-001 MW-2 PRE 43549 09/18/98 pDs/22/98  09/26/98 |
| 135658-002 MW-2 POST 43549 p9/18/98 09/22/98 09/26/98 |
{ 135658-003 MW-4 PRE 43549 o9/18/98  05/22/98  09/26/98 |
| 135658-004 MW-4 POST 43549 09/18/98 08/22/98 09/26/98 |
l 1
Matrix: Water
T 1
| Analyte Units 135658-001 135658-002 135658-003 135658-004 |
| piln Fac: 1 1 1 1 |
I ]
[ 1
| Diesel Ci12-C22 ug/L <50 <50 <50 <50 |
; —
| Surrogate |
I |
f !
| Hexacosane $REC 91 94 93 96 |
L |




Cb Curlis &agmkins g,

r 1
| TEH-Tot Ext Hydrocarbons

I |
T 1
| Client: Stellar Environmental Solutions Analysis Method: EPA BG1EM |
| Project#: 98031 Prep Method: EPA 3520 |
| Location: Redwood Regicnal Park Cleanup Method: 3630 some

L I
f 1
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
i ]
| 3
I 135658-005 MW-5 PRE 43549 09/18/98 09/22/98 09/26/98 |
| 135658-006 MW-5 POST 43549 09/18/98  09/22/98 09/26/98 |
L i

Matrix: Water

k 1
| Analyte Units 135658-005 135658-006 |
| Diln Fac: 1 1 |
| |
| Diesel Cl2-C22 ug/L <50 <50 ]
| :
| Surrogate ]
| |
| Hexacosane REC 85 97 |
| i




Lab #: 135658 BATCH QC REPORT c Curtis g Impkigg L
r 1
| TEH-Tot Ext Hydrocarbons
I |
I ;
[ Client:- Stellar Environmental Solutions Analysis Method: EPA BO15M |
| Project#: 98031 Prep Method: EPA 3520 i
| Location: Redwood Regional Park Cleanup Method: EPA 3630 some
| ]
I )
| METHOD BLANK |
I |
! 1
| Matrix:  Water Prep Date: 09/22/38 |
| Batch#: 43549 Analysis Date: 09/28/98 i
| Units: ug/L i
| Diln Fac: 1 |
l -l |

MB Lab ID: QC80588
I 1
| Analyte Result |
1 |
| Diesel Ci2-C22 <50 |
} i
| Surrogate %Rec Recovery Limits I
I 1
I 3
| Hexacosane 78 53-136 |
L J




Lab #: 135658 BATCH QC REPORT Cb Curtis galppipking Lid.

TEH-Tot Ext Hydrocarbons

Client: Stellar Environmental Sclutions bnalysis Metheod: EPA 8015M

Project#: 28031 Prep Method: EPA 3520
Location: Redwood Regional Park Cleanup Method: EPA 3630 some

BLANK _SPIKE/BLANK SPIKE DUPLICATE

Matrix: Water Prep Date: 09/22/98
Batch#: 43549 Inalysis Date: 10/05/98
Units: ug/L

Diln Fac: 1

b —— L

BS Lab ID: QC80589

— 1
| Bnalyte Spike Added BS $Rec # Limits |
| 1
| !
| Piesel ¢iz2-C22 2475 2843 115 * 58-110 |
I 1
| surrogate $Rec Limits |
| |
f |
| Hexacosane 154% 53-136 |
L 1
BSD Lab ID: QCBOS590

1 1
| Analyte Spike Added  BSD $Rec # Limits RPD # Limit |
| |
r |
| Diesel C12-C22 2475 3120 126 * 58-110 9 21 |
| ]
| |
| Surrcgate %Rec Limits I
| !
| 3
| Hexacosane 160% 53-136 |
| ]

# 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: 2 ocut of 2 outside limits

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

ANALYTICAL REPORT

Prepared for:

Stellar Environmental Solutions
2110 6th Street
Berkeley, CA 94710

Date: 13-0CT-98
Lab Job Number: 135668

Project ID: 98031
Location: Redwood Regional Park

e

Reviewed by: ”:2;%;;:2524;1

f
‘4!71

Qye

This package may be reproduced only in its entirety.

Reviewed by:




c Currisﬁagg@kjag Lid.

TEH-Tot Ext Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA B015M
Project#: 98031 Prep Method: EPA 3520
Location: Redwood Regional Park

PN D N—

f i
| Sample # Client ID Batch # Sampled Extracted Analyzed Moisture |
| i
| ]
| 135668-001 SW-3 43602 09/18/98 0%/24/98 09/30/98 i
| 135668-002 SW-2 43602 09/18/98  09/24/98  05/30/98 !
| 135668-003 SW-1 43602 09/18/98  09/24/98 09/30/98 |
| |

Matrix: Water

; !
[ Analvyte Units 135668-001 135668-002 135668-003 I
| Diln Fac: 1 1 1 !
| |
| Diesel ci2-c22 ug/L <50 <50 <50 |
| |
| Surrogate |
t 1'
| Hexacosane $REC 79 76 89 |
| j




Lab #: 135668 BATCH QC REPORT c Curtis g lompking Lid.
[ 1
| TEH-Tot Ext Hydrocarbons |
L . ]
I 1
| Client: Stellar Environmental Solutions Analysis Method: EPA 8015M |
| Project#: 98031 Prep Method: EPA 3520 |
| Location: Redwood Regional Park |
| |
I - 1
! METHOD BLANK - - .. 1
- - |
| Matrix: Water Prep Date: 09/24/98 |
| Batch#: 43602 hnalysis Date: 09/28/98 i
| Units: ug/L |
| Diln Fac: 1 |
L J
MB Lab ID: QCB80813

I 1
| Analyte Result I
L !
| Diesel Cc12-C22 <50 |
1 |
I 1
| Surrogate %Rec Recovery Limits |
| —
| Hexacosane 95 53-136 |
L |




Diln Fac: 1

Lab #: 135668 BATCH QC REPORT c Curtis g Inmpkipg Lid.
| 1
| TEH-Tot Ext Hydrocarbons

'l -
| ¢lient: Stellar Environmental Solutions Analysis Method: EPA B(O1SM |
| Project#: 98031 Prep Method: EPA 3520 |
| Location: Redwood Regiomnal Park |
| ]
v —
i BLANK SPIKE/BLANK SPIKE DUPLICATE -
— - ' :
| Matrix: Water Prep Date: 09/24/98 |
| Batch#: 43602 Analysis Date: 09/30/98 |
| Units: ug/L |
I l
| —J

BS Lab ID: QCB0814

| i
Analyte Spike Added BS $Rec # Limits
b
| —
| Diegsel C12-C22 2475 1827 74 58-110 |
I {
| SBurrogate $Rec Limits |
| .
| Hexacosane 91 53-136 |
L J

BSD Lab ID: QC80815

i 1
| Analyte Spike Added  BSD $Rec # Limits RPD # Limit |
| i
| {
| Diesel c12-C22 2475 1724 70 58-110 6 21 |
| |
I |
| Surrogate %Rec Limits |
: 4
| Hexacosane 90 53-136 }
| |

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

RPD: 0 out of 1 outside limits

Spike Recovery: 0 cut of 2 ocutside limits

»*



c Curlis #dgamkins£Lia.

TVH-Total voiatiié'ﬂydrocarbens |

Client: Stellar Environmental Solutions 2nalysis Method: EPA 8015M
Project#: 98031 Prep Method: EPA 5030
Location: Redwood Regional Park

r )
| Sample # Client ID Batch # Sampled  Extracted Analyzed Moisture |
| |
r ]
| 135668-001 SW-3 43581 09/18/98 0g/25/98 09/25/98 |
| 135668-002 SW-2 43581 0%/18/98 08/25/98B 09/25/98 |
| 135668-003 SW-1 43581 0s/18/98  08/25/98  0%/25/98 |
| I

Matrix: Water

1
Analyte Units 135668-001 13566B8-002 13566B-003 |
Diln Fac: 1 1 1 |
|
|
Gasoline C7-C12 ug/L <50 <50 <50 |
|
1
Surrogate 1
]
1
Trifluorctoluene $REC 112 112 112 |
Bromofluorobenzene YREC 120 122 121 |
i

o — — —— ———y




CO - sigenneie
— ‘ . — 3
{ BTXE ' 1
:, ..... N . . !
| Client: Stellar Envirconmental Solutions Analysis Method: EPA BO20A |
| Project#: 98031 Prep Method: EPA 5030 |
| Location: Redwood Regional Park i
1 ]
I 1
| sample #  Client ID Batch # Sampled Extracted Analyzed Moisture |
I l
I 1
| 135668-001 SW-3 43581 09/18/98 0g/25/98 09/25/98 |
| 135668-002 SW-2 43581 09/18B/98 03/25/98  09/25/98 i
| 135668-003 SW-1 43581 09/18/98  09/25/98 09/25/98 i
L }
Matrix: Water
~ . !
[ analyte Units 135668-001 135668-002 135668-003 !
| Diln Fac: 1 1 1 I
! !
| MTBE ug/L <2 <2 <2 }
| Benzene ug/L <0.5 <0.5 <0.5 i
| Toluene ug/L <0.5 <0.5 <0.5 }
| Ethylbenzene ug/L <0.5 <0.5 <0.5 |
| m,p-Xylenes ug/L <0.5 <0.5 <0.5 ]
| o-Xylene ug/L <0.5 <0.5 <0.5 |
I ]
I ]
| surrogate i
I l
F 1
| Trifluorctoluene tREC 108 109 108 |
| Bromofluorobenzene $REC 118 120 120 |
t ]




Lab #: 135668

BATCH QC REPORT

C

Curtis §JgenrkingsLigl.

Project#: 98031
lLocation: Redwood Regional Park

Client: Stellar Environmental Solutions

Analysis Method: EPA 8020A

Prep Method:

EPA 5030

Matrix: Water
Batch#: 43581
Units: ug/L

Diln Fac: 1

Prep Date:
Analysis Date:

09/24/98
05/24/98

MB Lab IB: QC80717

i 1
| Analyte Result |
I |
! !
| MTBE <2.0 |
| Benzene <0.5 |
| Toluene <0.5 |
| Ethylbenzene <D.5 |
| m,p-Xylenes <0.5 i
o-Xylene <0.5
| 1 |
| {
| 1
| Surrogate tRec Recovery Limits |
| |
| |
| Trifluorotcluene 105 53-124 |
Bromof luorcbenzene 160 41-
| £1 b 1-142 f
L i




Lab #: 135668 BATCH QC REPORT c Curtis g Jg@ekingeLigh
h'ﬁ‘*JBTXE:V :.
Client: Stellar Envircnmental Solutions Analysis Method: EPA 8020A
Project#: 98031 Prep Method: EPA 5030

Location: Redwood Regional Park

CATE
Matrix: Water Prep Date: 09/24/98
Batch#: 43581 Analysis Date: 09/24/98
Units: ug/L

SR S PP U ——

Diln Fac: 1

..._..._...____.___..._._______

BS Lab ID: QC80718

I 1
| Analyte Spike Added BS tRec # Limits |
1 |
I E|
| MTBE 20 18.8 94 65-135 |
| Benzene 20 15.7 79 65-109 |
| Toluene 20 18.85 94 72-116 |
| Ethylbenzene 20 20.14 101 67-120 |
| m,p-Xylenes 40 40.69 102 69-117 |
| o-Xylene 20 20.48 102 75-122 |
| |
f 1
| Surrogate %Rec Limits

I J
I 1
| Trifluorotoluene 108 53-124 |
| Bromofluorcbenzene 114 41-142 |
t 3

BSD Lab ID: QC807189

Vo 1
| Analyte Spike Added BSD $Rec # Limits RPD # Limit |
1 }
I I
| MTBE 20 19.03 95 65-135 1 20 |
| Benzene 20 16.05 80 69-109 2 11 |
| Toluene 20 19.51 98 72-116 3 11 |
| Ethylbenzene 20 20.75 104 67-120 3 12 |
m,p-Xylenes 4 41.8 105 -11
Xyl 0 69-117 3 1
| o-Xylene 20 21.07 105 75-122 3 12 |
| i
| 1
| Surrogate %$Rec Limits ]
| —
| Trifluorctoluene 108 53-124 |
| Bromofluorobenzene 116 41-142 !
L 1

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

RPD: 0 out of 6 outside limits

Spike Recovery: 0 out of 12 outside limits




Lab #: 135668

BATCH QC REPCRT

.ff%if’TVﬁ-Totél Volatile'Hydrﬁcarbpﬁs.; 

c Curtis &dgenkireelLid

Project#: 98031
Location: Redwood Regional Park

Client: Stellar Environmental Solutions

Analysis Method: EPA 801SM

Prep Method:

EPA 5030

Matrix: Water
Batchi#: 43581
Units: ug/L

Diln Fac: 1

;
|
|
i
|
:
|
|
|
|
|
!

Prep Date:
Analysis Date:

09/24/98
09/24/98

MEB Lab ID: QC80717

i Analyte Result i
i Gasoline C7-C12 <50 i
|

i Surrogate %Rec Recovery Limits i
L

i Trifluorctoluene 26 59-162 i
! Bromofluorobenzene 93 59-162 !




Lab #: 135668 BATCH QC REPORT c Curtis gJdgenrkire£LiD.

-rrquVH—Téta} ?dlaﬁiiéjﬂydrocarbans_

Client: Stellar Environmental Solutions Analysis Method: EPR 8015M
Project#: 98031 Prep Method: EPA 5030
Location: Redwood Regional Park

| WATRIX SPIKE/MATRIX SPLXE DUPLIGATE

Field ID: ZZZZZZ Sample Date: 09/15/98

Lab ID: 135615-001 Received Date: 09/16/98
Matrix: Water Prep Date: 09/24/958
Batchi: 43581 Analysis Date: p9/24/98
Units: ug/L

Diln Fac: 1

MS Lab IB: QC80720

T |
| analyte Spike Added Sample Ms %Rec # Limits |
I ]
f i
| Gasoline Q7-C12 2000 <50 2149 107 71-131 |
I ]
I |
| Surrogate tRec Limits |
1 |
) 1
| Trifluorotoluene 150 59-162 |
| Bromofluorobenzene 136 59-162 |
L )

MSD Lab ID: QC80721

[AAnalyte Spike Added MSD %Rec # Limits RPD # Limit i
i Gasoline C7-C12 2000 2135 107 71-131 1 26 i
| H
i Surrcgate ¥Rec Limits i
| ]
i Trifluorotoluene 151 59-162 i
! Bromofluorobenzene 137 59-162 !

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

RPD: 0 ocut of 1 ocutside limits

Spike Recovery: 0 out of 2 outside limits

*




Lab #: 135668 BATCH QC REPORT c Curtis & dgenpkins£Lid.

TVH-Total Volatile Hydrocarbons

Client: Stellar Environmental Solutions Analysis Method: EPA B0O15M
Project#: 58031 Prep Method: EPA 5030
Location: Redwood Regional Park

Matrix: Water Prep Date: 09/24/98

Batch#: 43581 Analysis Date: 08/24/98
Units: ug/L

Diln Fac: 1

_________,________

LCS Lab ID: QC80716

i Analyte Result Spike Added fRec # Limits i
i Gasoline C7-Cl2 1826 2000 81 80-119 i
i

i Surrogate %Rec Limits i
i Trifluorctoluene 121 59-162 i
! Bromofluorobenzene 89 59-162 !

# Column to ke used to flag recovery and RPD values with an asterisk
* Values outsgide of QC limits
Spike Recovery: 0 out of 1 ocutside limits
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CALIFORNIA DEPARTMENT OF FISH AND GAME WATER POLLUTION CONTROL LABORATORY
ACQUATIC BIOASSESSMENT LABORATORY REVISION DATE - MARCH, 1996

CALIFORNIA STREAM BIOASSESSMENT PROCEDURE

(HABITAT ASSESSMENT AND BIOLOGICAL SAMPLING)

The California Stream Bicassessment Procedure (CSBP) is a standardized protoco! for
assessing physical and biological conditions of wadable streams in California. There
arg two companion documents for this procedure: "California Stream Bioassessment
Procedure (Macroinvertebrate Laboratory and Data Analyses)" and "California Stream
Bioassessment Procedure (Field and Laboratory Quality Assurance/Controf)"., 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, Deveioping aquatic
bioassessment techniques for California is an iterative process; contact the California
Department of Fish and Game's Water Pollution Control Laboratory (WPCL) at {916)
358-2858, 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
CSBP.

MONITORING STRATEGIES

The CSBP can be used to detect aquatic impacts from point and non-point source
pollution and for biclogical assessment of ambient water quality. This field sampiling
procedure was designed for collecting benthic macroinvertebrates from individual ritites
chosen as part of an appropriately designed monitoring program. The CSBP may not
be appropriate for ail aquatic monitoring programs - cantact WPCL for advice on proper
application of the CSBP. The foliowing bioassessment strategies can be employed for:

Point Sources of Pollution - There will be discernable 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 riffte
becomes a potential sampling site for benthic macroinvertebrates. At least one riffle
in the unaffected section shouid be sampled as a controi. 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 samples should be collected at each riffle
depending on the necessary level of statistical accuracy required for the project.

Non-point Sources of Poilution - There will be no cbvious perturbations or discharges
inta the stream with non-point sources of pailution. The stream or stream section of
interest should be surveyed for similar riffles, and then at least three riffles should be
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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 randomly.
However, collecting three or more samples as described in the point source protocaol
will provide additional statistical information and accuracy. The number of riffles
sampled depends on the homogeneity of the stream or stream section and necassary
level of statistical accuracy required for the project. A reference stream or condition
is recommended for assessing possible impacts from non-point 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. Historical data of
expert consensus on biological and physical condition could be substituted if a
reference stream is unavailabie.

. Ambient Water Quality Conditions - Biological assessment of ambient water quality for
a stream ar stream section provides base-line information on biological conditions,
aquatic species compaosition 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 440/5-90-
004). Biological assessment for ambient water quality should be conducted seasonally
{spring and/or fail) and continued on a regular basis to establish historic data and
provide a management tocl to detect possible changes in water quality. The
monitoring strategy can be similar to that described for both point and nen-point
source pollution with riffles being chosen from similar reaches and/or located above

and below areas of particular interest le.g., suspected impact, physicai/habitat
structure, hydrologic zones, etc.).

EQUIPMENT AND SUPPLIES

D-shaped kick net (0.5mm mesh) Therinometer
Wide-mouth plastic or glass jars Forceps
White enameied pan 95% ethanoi
Watershed topographic.map Pencil

Measuring Tape (100 meter)

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

PROCEDURES
Biological Sampling

1. The project supervisor should conduct a reconnaissance survey of the stream or
stream section to determine appropriate sample reaches. The idea: sampling reach is
a riffle at least 10 meters long with a homogenous gravel/cobble substrate and swift
water velocity. However, ideal situations rarely exist. In choosing sampling reaches,
emphasis should be ptaced an homogenous reaches that are wadabie and best
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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 coliecting
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 coliected.

2. Fill out a CSBW for each riffle section. Enter watershed name, sample identification
number, date, time and names of crew members. Locate the site on the watershed
topographic map using the sample 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 tabie 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 to 99 transect numbers} until a usable nurmber(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 locations along the transect and combine them into
one sample. If possible, choose three locations: the two side margins and the center
of the stream. If 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/cobble, 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 cansistent
sampling effort {approximately 1-3 minutes} at each site. Combine the three
collections within the kick-net. Measure and record stream temperature,

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




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

Habitat Assessment

The habitat assessment portion of this procedure shouid be used ¥ a more
comprehensive physical assessment is not planned. Habitat assessments can be used

without biclogical sampling, but whenever biolagical sampling occurs, there must be

a habitat assessment conducted for every riffle sampled.

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 walking in an
upstream direction from the bottem to the top of the stream reach. The score shouid
reflect the average conditions for the entire stream reach. Record habitat parameter
scores on the cover page of a separate CSBW and make comments on any habitat
impairments not covered by the habitat parameters.

8. For biological sampling, habitat parameters 1 through 3 should be used to evaluate
the average condition along the transacts sampied for benthic macroinvertebrates.
Habitat parameters 4 through 7 should 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 biclogical 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 samples: program name; watershed name; field |D numbers:
sampling dates; and name, address, telephone number and signature of one of the
crew members collecting the sampie.

11. Verification sampies and COCs must remain in a lockad sample depasitory until a
decision has been made to send them to a bicassessment laboratory for processing.

12. When transporting to a bioassessment laboratory, each (or group of) sampie 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 hioassessment laboratory. When all
verification samples listed on the COC are accounted for, then the individual delivering
the sampies 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:
S — P —
CREW MEMBERS: HABITAT ASSESSMENT
PARAMETERS

1. INSTREAM COVER:

WATER TEMP: 2. EPIFAUNAL SUBSTRATE:
RIFFLE LENGTH: _____ 3. EMBEDDEDNESS:
TRANSECT 1:
TRANSECT 2: 4. CHANNEL ALTERATION:
TRANSECT 3:

§. SEDIMENT DEPOSITION:
GPS COORDINATES

LONG: ~ 6. RIFFLE FREQUENCY:
LAT:
7. CHANNEL FLOW:

8. BANK VEGETATION: Li___ R:

BIOASSESSMENT LABORATORY 9. BANK STABILITY: L: R:
INFORMATION

10. RIPARIAN ZONE: L R

Bloassessment Laboratory Number:

Bioassessment Labhoratory Name and Address: COMMENTS:

CDFG - WPCL ]
2005 Nimbus Rd. Rancho Cordova, Ca. 95670
(916} 358-2858 FAX (916) 985-4301 e-mail: jharr@sna.com

Binassessment homepage - http:waw.dfg.éa.gov/cabw/cabwhome.html
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CALIFORNIA DEPARTMENT OF FISH AND GAME
AQUATIC BIOASSESSMENT LABORATCRY

WATER POLLUTION CONTROL LABORATORY
REVISION DATE - MARCH, 1986

DATE: SAMPLE 1D; i
Habpitat Camgory
Parametar _Optmal Suboptimai f Marginal Poor
Greater than 50% mix 30-50% mix of staple 10-30% mix of stable Less than 10% mix aof

of snags, submeiged
iogs, undercut banks, or
other stable habitat

1. Instreaim Cover
(Fish}

habitat; adeqguate habitat
for maintenance of
poptilations.

habitat, habitat
availability less than
desirable.

siabie habitat; lack of
habitat is obvious.

= o

SCORE

Well-developed rifile
and run; riffle is as
wide as stream and
langth extends two

2. Epifaunal
Substrate

Riffie is as wide as

stream but length is
{ass than two times
width; abundance of

Run area may be
lacking; riffla not as
wide as stream and its
length is less than 2

PR R M R

Riftles or runs virtuaily
nonexistent; large
bouiders and bedrock
prevalent; ¢cobble

. 20 19

Gravel, cobbie, and
boulder particles are
0-25% surrounded by
fine sediment.

3. Embeddadnass

Gravel, cobble, and
bouidar particles are
25-50% surraunded by
fine sediment.

i times the width of cobbie; houlders and times the stream iacking.
stream; abundance of | gravel commaon. width; gravel or large
cobble. boulders and bedrock
prevaient; some cabble
. present.
18 17 16} 15 14 13 12 11.|-t0 8 8 7 6 } 5 4 3 2 10

Gravel, cobble, and
bouider particles are
B80-75% surrounded by
fine sediment.

Gravei, cobbie, and
boulder particies are
more than 75%
surrounded by fine
sediment.

SCORE L2019 18 1716

15 14 13 12 A%

present, usually in
areas of bridge
abutments; evidence of
past channelization,
i.e., dredging, (greater
than past 20 yr} may
be present, but recent
channelization is nat
present.

present on both banks;
and 40 to 80% of
stream reach
channelized and
disrupted.

10v.9.. 8 T -6 |-

Channeiization or Soma channelization New embankments Banks shored with

B

gabion or cemant;
aver 80% of the
stream reach
channelized and
disrupted.

4. Channel dradging absent or

Alteration mintmal; stream with
normal, sinuaus
pattern.

SCORE —— - 20..19 18 17.-18
Little ar no

5. Sedimant enlargement of

Depasition islands or point bars

and less than 5% of.
the bottom affected
by sediment
deposition.

.15 014 13 012 .11

Soma new increase in
bar formation, mastly
from coarse gravel:
§-30% of the bottom
affected; slight
depositian in poois.

M -9 8 7 6

Moderate depasition af
new gravel, caarse
sand on oid and new
bars; 30-50% of the
bottom affected;
sediment deposils at
abstruction,
constriction, and
bends: moderate
depasition of poals
prevalent,

5 4 3 ZUB-w

Heavy depagsits of fine
material, increased bar
developrment; mare
than 50% aof the
bottom changing
frequently; poois
almost ahsent due 10

" substantial sediment
deposition.

SCORE  —— 20 13 18 117 18} 158 14 13 12 11 1085 8 7 & § 4 3 2 10
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Habitat
Paramatar

Category

Opdmal

Suboptimal

Marginal

Paor

6. Frequency of
Riffias

SCORE

7. Channel Flow
Status

SCORE

8. Bank
Vagetative
Protaction (score
aach bank)

Note: determine
left or right side

by facing
downstream.
SCORE {LB)
SCORE {RB)

9. Bank Stabiiity
{score sach bank)

SCORE ILB)
SCORE {RB]}

10. Riparian
Vagetative Zone
Width (score each
bank riparian zone)

SCORE LB)
SCORE __ - [RBI}

_ macrophytes:;

Occurrence of ritfles
relatively frequent;
distance hetween
riffies divided by the
width of the stream
equals 5 to 7; variety
of habitat.

Decurrance of riffles
infraquent; distance
between riffles divided
by the width of the
stream equals 7 to 15.

Qccasional riffle or
hend; battom contours
provide some habitat;
distance between
riffles divided by the
width of the stream is
between 15 to 25.

Generally aii flat water
or shallow riffles; paor
habitat; distance
between riffies divided
by the width of the
stream is between
ratio >285.

Water reaches hase
of both lower banks
and minimal amount
of channel substrate
is exposed.

|18 b

Water fills >79% of
the avaiiabie channel;

or <25% of channel
substrate is exposed.

{109 8 7 &

Water fills 25-75% of
the avaiiable channel
and/or riffle substrates
are mostly exposed.

5. 4 3.2 1.0

Very little water in
channe! and mostly
present as standing
poots.

1200195 718L A7 16:

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

vegetative disruption,
| through grazing or

CABEAL 13120

70-90% of the
streambank surfaces
‘covered by native
vegatation, but one
class of plants is not
weill-reprasented;
disruption evident but
not affecting full plant
growth potential to any
great extent; more

50-70% of the
streambank surtaces
covered by vegetation;
disruption obvious;
patches of bare sail or
closely cropped
vegetation common;
less than ane-hailf of
the potential plant
stubble heignt

§ 4.3 2.1 0

Less than 50% of the
streambank surfaces
covered by
vegetation: disruption
of streambank
vegetation is very
high; vegetation has
been removed to

2 inches or less in
average stubble

Banks stable; no
avidence of erosion or
bank tailure; tittle

mowing, minimal or than one-haif of the remaining. height,

not evident; almost all [ potentiai plant stubbie

plants allowed to height remaining.

grow naturaily.

LettBank. 10 8+ .8/ 7 B 5 4 3 2 1 0

‘Right'Bank. - 10 9. ] coc g | B - 4 3 2 1 0
B

Moderately stable;
infraquent, smail areas
of erosion mostly

Moderately unstable;
up to 609% of banks in
‘reach have areas of

Unstabie; many
eroded areas; "raw”
areas frequent along

Width of riparian zone
"> 18 meters; human
activities li.e., parking
lots, roadbeds, clear-
cuts, lawns, or crops)
have not impacted
one.

Width of riparian zone
12-18 meters; human
activities have
impacted zone anly
mirmmally.

potential for future healed over. erasion; high erosion straight sections and
problems. potential during floods. | bends; obvious bank
sloughing; 60-100%
| of bank has erosionai

SCAars.
Lett Bank 10 9 8 7 6 g 4 3 2 1 Q
Right Bank. 10 9 8 ¥ B 8 4 3 2 o1 0

Width of riparian zone
6-12 meters; human
activities have
impacted zone a great
deal.

Width of riparian zane
< 6 metars: little or no
riparian vegetation due
to human activities.

Left Bank 10 9

Right Bank 10 9






