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March 7, 1995
Project 330-006.3C

Ms. Amy Leech

Ms. Juliet Shin

Department of Environmental Health
Environmental Protection Division

Alameda County Health Care Services Agency
1131 Harbor Bay Parkway, Suite 250
Alameda, California 94502-6577

Re: Response to ACHCSA Letter, dated January 23, 1995
ARCO Service Station 0608
17601 Hesperian Boulevard
San Lorenzo, California

Dear Ms. Leech and Ms. Shin:

On behalf of ARCO Products Company (ARCQ), Pacific Environmental Group, Inc.
(PACIFIC) prepared this letter to respond to Alameda County Health Care Services
Agency’s (ACHCSA’s) letter to ARCO, dated January 23, 1995. The ACHCSA letter
- responded to the Remedial Investigation/Feasibility Study (RI/FS) submitted by
PACIFIC to ACHCSA on November 22, 1994 for the site referenced above. This
response letter begins with some overall comments, then responds individually to the
comments and questions raised by ACHCSA. '

OVERALL COMMENTS

ARCO and PACIFIC agree with some of ACHCSA’s comments and we present clanfy-
ing information where we find it appropriate. We believe that some of the issues can be
* resolved through consultation with Dr. Ravi Arulanantham, whose comments on the
RI/FS have not yet been received. We believe that it is essential to keep
Dr. Arulanantham involved in this project, as he is uniquely qualified and has provided
valuable guidance for the RI/FS thus far. He also contributes considerable expertise in
the fields of risk assessment and biodegradation of hydrocarbons. Therefore, before
undertaking any additional field tasks to investigate areas of concern raised by :
ACHCSA, we propose that a meeting be held, to include Dr. Arulanantham, ACHCSA,
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the California Regional Water Quality Control Board (RWQCB), ARCO, and PACIFIC,
to agree on what (if any) additional information is required, and what is the best way to
collect that information.

RESPONST, TO SPECIFIC ISSUES

I Was the pump in Extraction Well EA-1 lowered as discussed during the July 8, 1994
meeting? If yes, was the capture zone for this new pump depth incorporated into the
Fate and Transport Study (FTS)?

The pump in the Extraction Well E-1A was lowered to 4 depth of approximately

23.5 feet in July 1994. ‘As is standard for groundwater flow models, the FTS does not
incorporate the depth of the extraction pump. Instead, it incorporates a specific volume
of water removed per unit time at the extraction well location, along with other aquifer
properties. The pumping rate used in the FT'S was 577.5 feet’ per day. The model used
was MT3D, which is generally regarded as one the most sophisticated and widely
accepted models for fate and transport studies. This model was approved for use at this
site by ACHCSA. ’ ' :

2. Sufficient data was not provided to prove that pumping of domestic irrigation wells
is or is nol affecting plume migration. PACIFIC agreed to request that the home-
owners do not pump through 1995 to allow more time to determine if the pumping
of domestic irrigation wells is a factor in plume migration. Furthermore, we urge
ARCO 1o convince the remaining four homeowners who continue to pump, to stop
pumping until the impact of off-site pumping is known.

We believe that sufficient information exists to determine that the pumping of domestic
irrigation wells will not affect plume migration. This was the conclusion of the FTS,
wherein known maximum domestic irrigation well pumping rates for key wells were
tripled, then incorporated into the FTS. The pumping rates used in the FTS for these
wells were presented in Table A-1 of the RI/FS. 'The results of the FTS indicated that
the combined pumping of Extraction Well E-1A and the key domestic irrigation wells
had no appreciable affect on plume migration. The results also indicated that either non-
detectable or health-protective hydrocarbon concentrations should be present in the
domestic irrigation wells.

We agree with ACHCSA that a conservative approach through 1995 is prudent.
Therefore, even though pumping does not pose a health concern, we are requesting all
14 domestic irrigation well owners for their cooperation in not pumping their wells and
allowing PACIFIC to sample those wells quarterly through 1995. The request letters
were sent to the well owners on February 27, 1995; copies of the letters were sent to
ACHCSA. If any of the well owners do not respond or do not wish t6 cooperate, we
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will follow up with one additional letter or try to meet with them in person to obtain their
cooperation,

3. If domestic irrigation wells are to be used as sentinel or boundary wells, then well
construction of those wells should be defined. Based on the RI/FS proposal, well
633H is intended to be used as a boundary or trigger well. If that is the case, well
construction details are required for this well....

We wish to clarify the purpose of Well 633 H and the other domestic irrigation wells.
We are not proposing that any of these wells be used as boundary wells for management
of the groundwater hydrocarbon plume. Instead, the domestic irrigation wells will be
monitored to venfy protection of human health and the environment. The results of the
risk assessment indicated that the impacted groundwater dees not currently pose a health
concern. The monitoring data would be used to perform health risk evaluations to verify
that concentrations of hydrocarbons (if any) in the domestic irrigation wells remain
health protective. Therefore, construction details for these wells are not critical.

We agree with ACHCSA that well construction details are necessary for the boundary
wells that are used to manage the groundwater hydrocarbon plume. Therefore, the
configuration of the hydrocarbon plume in the shallow water-bearing zone will be moni-
tored via monitoring wells constructed for that purpose, and may include Wells MW-11,
MW-14, MW-15, MW-16, and possibly MW-17, We will develop the groundwater
managenent plan in conjunction with ACHCSA following approval of the RUFS. This
plan will identify the boundary wells, their sampling requirements, and corrective actions,
including possible active remediation, if certain implementation criteria are met in the
boundary wells. The implementation ciiteria would be consistent with recently
RWQCB-adopted Non-Attainment Zone policy, however, we are not proposing to
specifically establish a non-attainment zone for the site. Alternative 2 proposes institu- -
tional controls consisting of a groundwater management. plan that includes regular
‘groundwater monitoring and sampling, and health risk evaluation.

4. An assumption was made in the I'1S that the half-life of 110 days for dissolved
benzene is the most reasonable rate based on site lithology. A Sensifivity Study was
also performed using a half-life of 250 days.

How do these rates compare to the biodegradarion rates provided by the EFA’s
Toxicological Profile for Benzene? Please provide us data that Felates to similar
subsurface conditions of the subject site. ‘

The biodegradation rate of 110 days used for benzene was selected based on published
data cited in the RI/FS and presented at the July 8, 1994 meeting between ACHCSA,
RWQCB, ARCO, and PACIFIC. The purpose of that meeting was to obtain approval of
our RI/FS approach, including FTS modeling parameters like the biodegradation rate for
benzene. At that meeting, no objection was raised regarding the use of the 110 day

3300063C':RESP.DOC



w7195 @ e

biodegradation rate for benzene. References for the published rate were submitted to
ACHCSA following that meeting as requested, and until ACHCSA’s January 23, 1995
letter, we did not receive any feedback that the biodegradation rate proposed and used
was inappropriate. The area of biodegradation of hydrocarbons is one of those where
Dr. Arulanantham’s input is essential. Nevertheless, the requested information and
source is given below. '

“The degradation of benzene by microorganisms has been well researched, and the
conclusion reached is that benzene is biodegradable (e_g. see Haider et al. 1981, Hopper
1978, Seizkorn and Huddleston 1965, Tabak et al. 1981, Gibson 1977, Higgens et al.
1980, Smith and Rosazza 1974, Korte and Klein 1982, Unger and Claff 1985).

The above-mentioned studies document the acrobic degradation of benzene, and,
although far less information is available, benzene apparently is biodegraded under
anaerobic conditions although probably somewhat slower than aerobically. One study
that illustrates this is the rescarch of Wilson et al. (1986), These investigators found
that under anaerobic conditions in the laboratory, benzene was not significantly
degraded during the first 20 weeks of incubation, but, by 40 weeks of incubation,
benzene concentrations were reduced by 72%. At 120 weeks of incubation over 99%
degradation had taken place. However, Batterman [1986, as reported in Chem. Abstr.
104{24):212909U], in investigating the in silu anoxic biological treatment of a hydro-
carbon-contaminated aquifer, reported the complete removal of benzene after only

6 months. Gibson (1980} presents a proposed pathway for the anaerobic biodegradation
of aromatic componnds. :

As discussed by Gibson (1980) and Hopper {(1978), microbial metabolism of benzene
proceeds through the formation of cis-dihydrodiols and, with further oxidation, to
catechols which are the substrates for ring fission. Thus, before going to catechol,
benzene biodegrades to 1,1-dihydroxoxy-1,2-dihydrobenzene (Gibson 1980).

One important point must be made. The results of laboratory experiments which
characterize most of the above, especially those using large numbers of organisms
known to degrade benzene, must be carefully applied to field situations. An example of
this is seen in the studies of Haider et al. (1981). Nocardis species and Pseudomonas
species, after cultivation on benzene, effectively degraded benzene after 7 days (45 to
90%); however, when 100 g soil with a mixed bacteria population was mixed with 2 mg
benzence, only 47% of the added radioactivity was recovered as CO; after 10 weeks.
Haider et al. concluded that specific organisms which degrade benzene were present in
the soil in only small numbers.”

Source: Toxicological Profile for Benzene, Oak Ridge MNational Laboratory for U.S.
Department of Health and Human Services, Public Health Service Agency for
Toxic Substances and Disease Registry, May 1989.

As indicated above, the reference cites complete degradation of benzene under anaerobic
conditions after 120 weeks, or an equivalent half-life of 126 days. The reference also
cites studies that indicate the aerobic biodegradation rate for benzene ranges from 7 to
70 days. Field data collected from monitoring and domestic irrigation wells show
dissolved oxygen (DQO) in groundwater ranges from 2 to 9 parts per million (ppm).
These DO concentrations support aerobic biodegradation of benzene in groundwater.
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Therefore, the selected biodegradation rate of 110 days for benzene is appropriate, and
should be considered conservative.

At the July meeting, alternate biodegradation rates were suggested by Dr. Arulanantham,
These rates (6 and 250 days) were suggested in order to evaluate the effects of varying
biodegradation rates on the hydrocarbon plume (sensitivity analysis). The more-conser-
vative biodegradation rate of 250 days was evaluated as requested and the results of the
sensitivity analysis showed similar characteristics to results using a 110 day biodegrada-
tion rate. The less-conservative biodegradation rate was not evaluated because this rate
is based on laboratory research and does not readily apply to field conditions.

5. How do we kmow that contaminant attenuation observed has been due to biodegra-
dation as opposed to adsorption and dilution? It is difficult to predict that signifi-
cant biodegradation is occurring within the groundwater, capillary fringe, and
vadose zone at the source and downgradient of the source of contaminaiion,

A study by PACIFIC dated October 12, 1993, was made on the feasibility of in-situ
bioremediation of contaminated soil at the site. The study concluded that
“...characteristics favorable to bioremediation were not sufficient to warrant further

study.”

Although a case comparison was made i the RI/FS to support the theory that
groundwater characieristics are favorable to bioremediation ai the ARCO site, we
do not see enough evidence to suppori the assumption the Case Study groundwater
characteristics are “remarkably similar” to the ARCO site.

Because it is difficult fo predict a biodegradation rate based on qualitative data, we
recommend that a Fate and Transport Sensitivity Model Study be completed for a
worse case scenario where biodegradation does not occur, 1.e. the half-life for
benzene is null '

Furthermore, on-site specific data should be collected to support that sufficient
biodegradation is occurring in the groundwater....

‘These comments suggest that ACHCSA is not convinced that biodegradation is taking
place at the site. Considering: (1) the general observed decline in hydrocarbon concen-
trations in the off-site wells, (2) the excess dissolved oxygen measured in groundwater,
and (3) the abundant published literature indicating that petroleum hydrocarbons,
especially benzene, are biodegradable, we find it quite logical that biodegradation as well
as other possible mechanisms for natural attenuation like dilution (dispersion), and
adsorption, is occurring. Specific responses to the points raised by ACHCSA follow.

The FTS conducted at the site included effects of dilution, but not adsorption, in order to
be more conservative. By including adsorption in the model, the hydrocarbon concen-
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trations in groundwater should migrate downgradient at a slower rate than with biode-
gradation alone.

The feasibility study conducted in 1993 addressed biodegradation in soils, not ground-
water. Oxygen, which i1s generally the limiting factor in biodegradation, is present in the
groundwater in sufficient concentrations for aerobic biodegradation to occur.

ACHCSA statés that insufficient evidence exists to state that the case study and the
ARCO site are “remarkably similar.” We found the similarities in the groundwater
mineral quality and dissolved oxygen to be significant. However, the case study is less
relevant than the actual hydrocarbon concentrations at the site, which have decreased
markedly between 1991 and 1994, Figures 11 and 12 in the RI/FS illustrate this
decrease.

To summanze, PACIFIC judges that several lines of evidence indicate that biodegrada- -
tion 1s occurring at the site. Furthermore, previous communications with ACHCSA and
the RWQCB have accepted the occurrence of biodegradation, with the recommendation
that a sensitivity study with an extremely conservative biodegradation rate would be
performed. The 250 day rate was suggested as acceptably conservative. This was the
modeling approach that was approved by ACHCSA during the July 1994 meeting.
Thus, we do not believe that conducting the FTS with a null biodegradation rate, or the
collection of additional field data at this time is warranted. This 1s a topic we look
forward to resolving at a meeting between ACHCSA, RWQCB, including

Dr. Arulanantham, ARCO, and PACIFIC. '

6. The model resulls from Scenario 2, for which the Remedial Action Plan is
supported, indicates that the plume boundaries will recede approximaltely 350 feet
in [ year, just two years afier the benzene release to the groundwater began. The
data used fo produce this plume behavior is from the Ist Quarter 1994 (reported in
March 1994). Data presented from the 2nd and 3rd quarterly 1994 monitoring, do
not show any recessionary trend which leads us to believe that the model is inaccu-
Faie.

Further, we know that the plume boundaries for dissolved benzene currently extend
approximately 600 feet downgradient from ihe site, and the benzene release fo the
groundwater began to occur 7 or more years ago. If the rate of biodegradation
suggested by the model were occurring, it would seem that greater evidence of
plume boundary recession would have been more apparent after 7 plus years of
monitoring.

1t has been shown that benzene concentrations have decreased in the outlving
domestic irrigation wells for the last 3 or nore quarters. However to date, the
plume boundaries have not appreciably receded upgradient toward the site.
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The report states “...that groundwater from MW-10 is decreasing markedly in
dissolved benzene...”. Historical data presented thus far for MW-10, has exhibited
sporadic fluctuations in benzene concentrations. If sufficient evidence is not
provided to ensure that contaminant concentrations in MW-10 are significantly
biodegrading or attenuuting, a corrective action plan will be required fo address
containment/stabilization and, possibly, remediation of this off-site plume concen-
fration.

These comments suggest that we should explain more details about the FTS. First, the
model does not predict 350 feet of plume recession “just two years after the benzene
release...occurred.” The input parameters assume a constant source of benzene to the
groundwater on site, and an initial plume configuration based on March 1994 monitoring
data. It is clear that the benzene source on site was formerly much greater than it is
now. Significant source removal has taken place via tank replacement and extensive soil
excavation concurrent with the tank replacement.

The reduction in source is an important consideration in looking for plume recession
over time. The extensive plume resulted from a much more significant source than exists
today. Evidence from outlying wells, including Wells MW-15, MW-16, and MW-17, as
well as from vartous domestic irrigation wells, shows decreasing hydrocarbon concen-
trations. Contrary to the ACHCSA statement that plume boundaries have not receded,
these wells show plume recession between 1991 and 1994, Figures 11 and 12 in the
RUFS illustrate this decrease.

We wish to. clarify that the dissolved benzene plume is not approximately 600 feet in
length. As of the September 1994 sampling event, benzene was detected in only three
off-site wells (Wells MW-8, MW-10, and 17349 VM). Historically, these wells had the
highest benzene concentrations. Data from the September 1994 sampling event showed
significant decreases in the benzene concentrations in these wells since the previous
quarter. Data from the December 1994 sampling event confirmed this decrease

(Tables 1 and 2). Additionally, there are several monitoring wells and domestic irriga-
tion wells that are located between these three wells and in which benzene has been
detected in the past, but not recently. This indicates that the benzene in these areas has
naturally attenuated to levels that meet the groundwater remedial goals, and suggests a
decreasing benzene plume which extends off-site to the area just beyond Well MW-10 as
well as a localized area of benzene in the area of Well 17349 VM. Historically, the .
higher concentrations of benzene will take more time to attenuate to levels which meet
the groundwater remedial goals. This condition will be validated only through monitor-
ing the plume through time, which is an essential element of Alternative 2 in the RVES.

The model is meant as a general predictive tool, and not as a predictor of exact concen-
trations at specific wells. The data input to the model is based whenever possible on
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actual field conditions, and where field measurements are not available, on reasonable
assumptions. Some heterogeneities in subsurface conditions, such as variations in
hydraulic conductivity or stratigraphy, are likely to exist locally. These are impossible to
quantify precisely, but would cause local differences between model predictions and
actual concentrations measured in monitoring wells, While it is certainly possible to
calibrate the model with historic data so that it mirrors existing data, this exercise would
not necessarily increase the accuracy of the model as a predictive tool. This 1s because
any number of parameters, such as permeability, porosity, and dispersivity, can be
adjusted to achieve the desired results, but we have no assurance that the adjusted
parameters are the correct ones to modify to make the model more closely represent the
actual subsurface conditions. The model predicts that over time, benzene concentrations
should decline to non-detectable levels for most the area under consideration. This
prediction will aiso be validated only through monitoring the plume through time, which
1s an essential element of Alternative 2 in the RUFS.

We acknowledge that Well MW-10 has historically shown fluctuating benzene concen-
trations. In the first quarter 1993, it appears that a dissolved hydrocarbon “slug” reached
Well MW-10. The concentrations peaked in the fourth quarter 1993, and since then,
concentrations have declined. The fourth quarter 1994 data indicates that Well MW-10
contained 3,000 parts per billion (ppb) total petroleum hydrocarbons calculated as gaso-
line (TPH-g}, and 150 ppb benzene (Tables 1 and 2). While this is a slight increase over
the third quarter 1994, it is still less than the peak concentrations observed during-1993.
As mentioned.above, monitoring over time is recommended to validate the predicted
decrease in hydrocarbon concentrations.

ACHCSA also comments that corrective-action may be required to address hydrocarbon
concentrations in Well MW-10. The RI/FS recommends that Well MW-10 be monitored
as part of a groundwater management area, Possible corrective actions should be
required only if certain criteria are met in the boundary wells, as would be ideritified in a
contingency plan. Both groundwater hydrocarbon plume configuration and remaining
health risk would be managed by Alternative 2.

7. What are the curreni soil contaminant concentrations on site? What is the future
leaching potential for these soils? How long will these soils contribute to ground-
water contamination?

The most recent data on seil contaminant concentrations on site for the UST gaso-
line complex and used oil tank location is 1988; and 1992 for the oil-water separa-
tor. Per our conversation with PACIFIC, it was stated that the future leaching of
on-site soil contamination was incorporated into the I'TN itsing a general leaching
rate solely for benzene. We suggest using more current, site specific data for model!
calibration.
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Alternative 2, the recommended remedial action plan presented in the RI/FS, did
not address remediation of the impacted on-site soils. However, the report indicates
that the remaining soil contamination is expected to:

* require a long period of time to naturally attenuate and
o will further impact the on-site groundwater.

If residual soil contamination is in fact continuing fo impact the groundwater, then
as stated in Alternative 4, attempting to eliminate the ultimate source of contamina-
tion would seem warranted in this situation.

The majority of hydrocarbon mass in soi! was removed during the tank replacement
activities in June 1988. Based on a rough comparison of soil data for samples collected
above the capillary fringe prior to and during tank replacement activities, we concluded
that:

e Approximately 96 percent of the hydrocarbon mass in the area of the
former underground tank complex was removed during tank replace-
ment activities.

e Approximately 98 percent of the hydrocarbon mass in the area of the
used o1l tank was removed during tank replacement activities.

The most current data on hydrocarbon concentrations in soil were collected in March
and April 1993, and is reported in the RI/FS in Part 2.3, Tables 5 through 9, and
Figures 5 and 6. Most locations tested showed non-detectable hydrocarbon concentra-
tions at the capillary fringe, the target area for analysis. The maximum on-site benzene
concentration is located at Well SP-1/V-4, at 0.59 ppm benzene. This level is below the
proposed soil cleanup goal for benzene for the site.

The leaching potential and continuing contribution of benzene from soils to groundwater
was generalized for the FTS, as a constant source of 330 ppb benzene in the ground-
water. This value was based on the average benzene concentration in on-site ground-
water monitoring wells. ' (

We acknowledge that the remaining hydrocarbons in soil on site may require a long time
to naturally biodegrade, and that prior to completion of this biodegradation they may
present a continuing source to the groundwater. However, the mass of the remaining
source is so low that active remediation of soils is not judged to be cost-effective. Also,
the impact of this small mass source to groundwater is diminished by the existing on-site
groundwater extraction system. Operation of this system until a stable plume configura-
tion 1s confirmed is a primary element of Alternative 2.

8. Alrhough the on-sife extraction system appears to have contributed to the reduction
in contaminant migration since its operation began in 1991, MW-8 and MW-10, the
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closest monitoring wells downgradient of the site, continue 1o show elevated levels
of TPHg and benzene. This data appears to indicate that contaminants continue to
migrate off-site despite the on-site extraction system and/or that the contaminant
plume in this area is not significantly biodegrading.

Further efforts in contaminant source reduction, as presented Alternative 4 (Soil
Vapor Extraction on Site, Institutional Controls for Groundwater Off Site, Air
Sparging and Groundwater Extraction On Site) in the RI/FS andior further investi-
gations into the feasibility of off-site groundwater extraction from MW-10 should be
considered as viable remediation efforts.

The continuing presence of hydrocarbons in Wells MW-8 and MW-10 does not neces-
sarily indicate continuing migration, or lack of biodegradation. The primary benefit of
groundwater extraction is migration control of hydrocarbons. Some dissolved hydrocar-
bons may be “captured” by groundwater extraction. Even in the event hydrocarbons are
not captured, the groundwater velocity immediately downgradient of the extraction well,
beyond the capture zone, will be reduced. Thus, migration of hydrocarbons can be
slowed, even without hydrocarbon “capture.” This may be the case with Wells MW-8
and MW-10. Also, biodegradation would be expected to reduce hydrocarbon concen-
trations in these wells, but not as quickly as occurring on the fringe of the hydrocarbon
plume. As the plume recedes from its most downgradient extent upgradient toward the
site, Well MW-10 should continue to show decreasing benzene concentrations, and ulti-
mately Well MW-8 should show this trend as well. Regardless, Alternative 2 proposes
to manage the elevated hydrocarbon levels in Wells MW-8 and MW-10 using a ground-
water management plan. We will continue to monitor the capture zone created by

Well E-1A and its effect on groundwater migration in the area of Well MW-8.

As discussed above under Comment #7, further source reduction on site does not appear
to be warranted, because the remaining mass source is quite small, based on 1993 data.
Further, as noted under Comment #6, possible off-site corrective actions should only be
considered if certain criteria are met in boundary wells (the boundary wells and the crite-
ria will be proposed in a groundwater management plan).

Finally, ACHCSA expresses concern that contaminants may reach off-site receptors, and
recommends efforts toward source reduction and plume containment. The best informa-
tion which may be developed to demonstrate that off-site receptors will not be impacted,
1s to continue momnitoring the site area. If concentrations increase in the domestic irriga-
tion wells to levels that are not health-protective, well-specific actions can be imple-
mented to reduce health risk to acceptable levels. These actions include discontinuing
use of the well until concentrations decrease to health-protective levels. At this time, we
do not judge that more aggressive remedial efforts are warranted.
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We hope that we have sufficiently addressed many of the issues raised in your Janu-
ary 23, 1995 letter. It was our understanding that many of the issues raised had been
clarified and/or approved during our July 1994 meeting, or had been presented in the
RI/FS. It has been and remains our goal to work with ACHCSA to develop an RI/FS
approach that is acceptable. We look forward to continuing discussion of these issues
with you, Dr. Arulanantham, and the RWQCB. -

Sincerely,
Pacific Environmental Group, Inc.

Keith Winemiller
Project Engineer

: No.1293

CERTIFIED
: / C(/CM ENGINEERING
Debra J. "WMoseér ' 4

Project Manager
CEG 1293

Attachments:  Table 1 - Groundwater Analytical Data, Groundwater Monitoring
Wells - Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)
Table 2 - Groundwater Analytical Data, Domestic Irrigation Wells -
- Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

cc.  Dr. Ravi Arulanantham, Regional Water Quality Control Board
Mr. Kevin Graves, Regional Water Quality Control Board
Mr. Michael Whelan, ARCO Products Company
Mr. Chris Winsor, ARCO Products Company
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Table 1 ’
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
{TPH as Gasoline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline =~ Benzene Toluene Ethylbenzene Xylenes
Number Sampled (ppb) (ppb) __(ppb) (ppb) (ppb)
MW-1 01/11/88 300 20 10 50 80
06/14/88 Well Destroyed
MWV-2 07/05/85 32,000 1,000 690 NA2 1,500°
01/11/88 3,300 804 115 168 166
06/14/88 _ Well Destroyed
MWV-3 01/11/88 1,800 20 20 80 60
03/07/89 150,000 4,600 5,200 5600 13,000
06/21/89 63,000 2,700 5800 3,300 12,000
12/12/89 Well Dry
03/29/90 1,100,000b 13,000 60,000 17,000 91,000
06/22/30 Well Dry
07/18/90 Well Destroyed
MWV-4 01/11/88 62,000 2,700 7,900 850 5,200
09/12/88 Separate-Phase Hydrocarbon Sheen
03/07/89 84,000 2,400 3,400 2,500 7,600
06/21/89 31,000 400 800 200 1,500
12/12/89 Well Dry
03/26/90  --—--—-—-——--- 0,01 foot of Separate-Phase Hydrocarbon
06/22/90 Well Dry
07/18/90 Well Destroyed
MW-5 01/11/88 31,000 4,000 2,700 3,800 5,500
03/07/89 1,300 340 ND 140 50
06/21/89 1,100 200 ND 130 40
12/12/89 Well Dry
{3/29/90 Well Dry
06/22/90 Well Dry
09/19/90 Well Dry
12/27/90 Well Dry
03/21/91 Well Dry
06/26/91 Well Dry
- 09/24/91 Well Dry
12/19/81 Well Dry
03/18/92 11,000 110 : 2.0 410 150
06/15/92 Well Dry
058/16/92 Well Dry
12/22/92 960 220 6.5 4.0 20
03/17/93 2,600 180 14 28 1.2
06/17/93 2,500 450 7.5 55 <5
3300063C/RESP March 7, 1995
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
(TPH as Gascline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number _ Sampled (ppb) (ppb) (ppb) (ppb) (ppb)
MW-5 09/17/93 1,400 230 <5.0 6.7 <5.0
{cont.) 12/29/93 690 38 21 27 38
03/30/94 1,400 30 <5 <5 <5
06/14/94 1,700 42 <5 <5 <5
09/20/94 500 18 <0.5 <0.5 0.52
12/20/94 840 19 22 11 2.3
MW-6 06/21/89 1,700 170 170 85 290
(E-1) 12/12/88 500 26 7 8 18
03/29/90 130 14 9 4 11
06/22/90 150 15 5 4 13
07/18/90 Wel Destroyed
MW-7  04/13/90 <50 <0.3 <0.3 ' <0.3 <0.3
06/22/90 <50 0.5 1 0.6 3
08/19/90 <50 <0.3 <0.3 <0.3 <0.3
12/27/90 69 <0.3 0.3 04 2
03/21/91 <30 <0.3 <0.3 <0.3 <0.3
06/26/91 <30 <0.3 <0.3 <0.3 <0.3
08/24/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03/17/92 <30 <0.3 <0.3 <0.3 <0.3
06/17/92 <30 <0.3 <0.3 <0.3 <0.3
09/16/92 <50 <05 <0.5 <05 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/17/93 <50 <0.5 <0.5 <0.5 <05
06/15/93 <50 <0.5 <0.5 <0,5 <0.5
09/14/93 <50 <0.5 <0.5 <0.5 <0.5
12/29/93 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 <0.5 <0.5
06/14/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 ' <0.5
12/20/94 <5A0 <0.5 <0.5 <0.5 <0.5
MW-8 04/13/90 4,900 350 16 450 33
06/22/90 3,700 370 12 330 28
09/19/90 140 4 3 3 3
12/27/90 1,200 7 03 53 <0.3
03/21/91 540 88 <B.0 21 9.6
06/26/91 2,100 290 <6.0 56 <8.0
09/24/91 260 51 0.34 7.9 <0.3
12/19/91 5,300 300 <3.0 21 4.8
03/17/92 9,200 370 3.0 43 4.9
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California

TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number _Sampled (Ppb) (ppb) (ppb) (ppb) (ppb)
MW-8 06/17/92 3,300 460 2.7 63 6.9
(cont.) 09/16/92 1,500 58 <0.5 6.1 4.5
12/22/92 3,600 410 56 62 44
03/18/93 3,800 61 <0.5 11 1.2
06/17/93 2,400 430 <5 11 <h
09/14/93 1,800 36 1.4 32 8.8
12/29/93 2,100 50 0.65 29 4.7
03/29/94 1,900 220 <10 <10 <10
06/14/94 2,800 340 <5 <5 <5
09/20/94 2,100 46 <1.0 <1.0 <1.0
12/20/94 1,800 120 <25 <2.5 <2.5
MW-9 04/13/90 <50 <0.3 <0.3 <0.3 2
08/22/90 12,000 200 3 250 . 180
09/15/90 <50 <0.3 <0.3 <0.3 0.6
12/27/90 <50 <0.3 <0.3 <0.3 <0.3
03/21/91 <30 <0.3 <0.3 <0.3 <0.3
06/26/91 <30 <0.3 <0.3 <0.3 <0.3
09/24/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03/17/92 <30 <0.3 <0.3 <0.3 <0.3
06/16/92 <30 <0.3 <0.3 <0.3 <0.3
08/16/92 <50 <0.5 <0.5 <0.5 . <0.5
12/21/92 75¢ <0.5 <0.5 <0.5 <0.5
03/16/83 <50 <0.5 <(.5 <0.5 <0.5
06/15/93 <50 <0.5 <0.5 <0.5 <0.5
09/14/83 <50 <0.5 <{.5 <0.5 <0.5
12/29/83 <50 <0.5 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/14/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/24 <50 <0.5 <0.5 <0.5 <0.5
MW-10 04/13/90 10,000 150 4 280 200
06/22/90 9,700 28 <0.3 131 210
09/19/90 1,800 <0.3 4 038 10
12/27/90 5,700 7 3 a5 61
03/21/91 6,200 22 <15 g2 33
06/26/91 9,300 51 <0.3 59 34
09/24/91 360 8.6 52 14 6.2
12/19/91 3,300 9.2 8.4 11 17
03/18/92 4,700 14 <6.0 29 10
06/16/92 4,800 (.46 0.34 7.4 3.8
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California

TPH as .

Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number __Sampled (ppb) (ppb) (ppb) (ppb) (ppb)
MW-10 08/16/92 2.000 8.3 3.0 3.3 5.5
{cont.) 12/22/92 2,700¢ 6.2 <1.0 7.5 28

03/16/93 4,100 340 2.4 58 54
06/17/33 4,900 860 <10 540 92
09/17/93 4,500 670 <10.0 240 7.2
12/28/93 5,000 1,2004 12 46 31
03/29/94 4,700 470 <10 29 45
06/14/94 3,700 370 <1.0 <1.0 <1.0
09/20/94 2,600 79 <2.5 7.4 2.7
12/20/94 3,000 150 <h.0 <5.0 <5.0
MW-11 04/13/90 <50 <0.3 <0.3 <0.3 <0.3
08/22/90 63 04 09 07 3
09/19/90 <50 <0.3 <0.3 <0.3 <0.3
12/27/90 <50 <0.3 <0.3 <0.3 <0.3
03/21/0 <30 <0.3 <0.3 <0.3 <0.3
06/26/91 <30 <0.3 <0.3 <0.3 <0.3
09/24/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.2 <0.3 <0.3 <0.3
03/17/92 <30 <0.3 <0.3 <0.3 <0.3
06/16/92 <30 <0.3 <0.3 <0.3 <0.3
09/16/92 <50 <0.5 <0.5 <0.5 <0.5
12/22/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <0.5 <0.5 <Q.5
09/14/93 <50 <05 <0.5 <0.5 <05
12/29/93 <50 <0.5 <0.5 <(.5 <0.5
03/29/94 <50 <0.5 <0.5 <Q.5 <0.5
06/13/94 <50 <0.5 <0.5 <{.5 <0.5
08/20/94 <50 <0.5 <0.5 <0.5 <0.5
12120/94 <50 <0.5 <0.5 <0.5 <0.5

E-1A 09/19/90 <50 7 09 1 2

(MW-12) 12/27/80 <50 3 0.5 1 1
03/21/91 <30 42 <0.3 1.1 .0.89
06/26/91 41 6.3 <0.3 1. 0.59

Converted to Extraction Well 8/91

03/28/94 120 4.8 <0.50 57 4.1
06/14/94* 230 12 <0.5 16 1.5
09/20/94* <50 <0.5 <0.5 <0.5 <0.5
12/20/04 <50 24 <0.5 1.9 <0.5

MW-13 07/03/91 <30 <0.3 <0.3 <0.3 <0.3
09/24/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number Sampled {ppb) {ppb) ~  (ppb) (ppb) {(ppb)
MW-13 03/17/92 <30 <0.3 <0.3 <0.3 <0.3
{cont.) 06/17/92 <30 <03 <0.3 <0.3 <0.3
09/16/92 <50 <0.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/17/93 <50 <0.5 <0.5 <0.5 <0.5
06/15/93 <50 <0.5 <0.5 <0.5 <0.5
09/14/93 <50 <0.5 <0.5 <0.5 <0.5
12/29/93 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 <0.5 <0.5
06/14/94 <50 <0.5 <05 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 <0.5
MW-14 07/03/91 <30 <0.3 <0.3 <0.3 <0.3
09/24/91 <30 <03 -<0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03/17/92 <30 <0.3 <0.3 <0.3 <0.3
06/16/92 <30 <03 <0.3 <0.3 <0.3
09/16/92 <50 <0.5 <0.5 <0.5 <0.5
12/22/92 <50 <0.5 <05 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/15/93 <50 <0.5 <0.5 <0.5 <0.5
09/15/93 <50 <0.5 <0.5 <0.5 <05
12/28/93 <50 <0.5 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 <0.5
MW-15 07/03/91 570 1.8 1.0 1.0 22
09/24/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 360 <0.6 <0.6 0.64 <0.6
03/18/92 730 0.74 0.98 1.8 0.68
06/16/92 310 0.54 0.34 0.96 25
09/16/92 100 1.0 <Q.5 <0.5 <0.5
12/22/92 130¢ <0.5 <0.5 <0.5 <0.5
03/18/93 130¢ <0.5 <0.5 <0.5 <0.5
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
09/17/93 <50 <0.5 <0.5 <0.5 <0.5
12/29/93 52 <0.5 <0.5 <0.5 1.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 <0.5
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Tetal Petroleum Hydrocarbons
{TPH as Gasoline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Totuene Ethylbenzene Xylenes
Number _ Sampled (ppb) (ppb) (ppb) (ppb) (ppb)
MW-16 07/03/91 2,700 3 6.9 46 31
09/24/91 430 1.8 1.3 1.9 1.5
12/19/91 75 <0.2 <0.3 <0.3 <0.3
03/18/92 1,500 4.0 0.73 22 1.3
06/16/92 80 <0.3 <0.3 <0.3 <0.3
08/16/92 <50 <0.5 <0.5 <0.5 <0.5
12/22/92 <50 <0.5 <0.5 <0.5 <0.5
03/18/93 380¢ <0.5 <0.5 <0.5 <05
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
08/17/93 <50 <0.5 <0.5 <0.5 <0.5
12/28/93 <50 <0.5 <0.5 0.72 <0.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
00/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 52 <0.5 <0.5 <D.5 <0.5
MW-17 07/03/91 1,200 12 1.9 28 40
09/24/91 150 27 0.5 39 0.59
12/16/91 370 26 <0.3 7.2 6.5
03/18/92 470 31 <0.3 9.1 88
06/16/92 310 1.7 0.56 12 9.6
09/16/92 77 1.5 <0.5 1.2 1.0
12/21/92 220 1.2 <0.5 9.8 94
03/17/93 250 <0.5 <0.5 7.8 33
06/17/93 90 0.92 <0.5 27 2.4
09/16/93 140 <0.5 <0.5 54 39
12/29/93 <50 <0.5 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/15/94 62 <0.5 <D.5 1.2 <0.90
09/19/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 I <0.5 <0.5 1.6 0.67
MW-18 10/04/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.2 <0.3 <0.3
03/18/92 <30 <0.3 <0.3 <0.3 <0.3
06/15/92 <30 <03 <0.3 <0.3 <0.3
09/15/92 <50 <D.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/17/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/28/93 <80 <0.5 <0.5 <05 <0.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <05 <0.5 <0.5
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
{TPH as Gasoline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number Sampled {ppb) (ppb) (ppb) (ppb) (ppb)
MW-19 10/04/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <03 <0.3
03/18/92 <30 <0.3 <0.3 <D.3 <0.3
06/15/92 <30 <0.3 <0.3 <0.3 <0.3
09/15/92 <50 <0.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/17/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/28/93 <50 <0.5 <0.5 <0.5 <0.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/19/94 <50 <0.5 <0.5 <0.5 <0.5
12/19/94 <50 <0.5 <0.5 <0.5 <0.5
MW-20 10/04/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03/18/92 <30 <0.3 <0.3 <0.3 <0.3
06/16/92 <30 <0.3 <0.3 <0.3 <0.3
09/15/92 <50 <0.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <@.5
03/17/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <05 - <0.5 <0.5
10/11/93 Well Destroyed
MW-21 10/04/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03/18/92 <30 <0.3 <0.3 <0.3 <0.3
06/15/92 <30 <0.3 <0.3 <0.3 <0.3
09/15/92 <50 <0.5 <0.5 <0.5 <0.5
12/22/92 <50 <0.5 <0.5 <0.5 <0.5
03/17/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/28/93 <50 <0.5 <0.5 <0.5 <0.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 «<0.5 <0.5 <0.5 <0.5
09/19/94 <50 <0.5 <0.5 <0.5 <0.5
12/19/94 <50 <0.5 <0.5 <0.5 <0.5
MW-22 10/04/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03M17/92 <30 <0.3 <0.3 <0.3 <0.3
06/15/92 <30 <0.3 <0.3 <0.3 <0.3
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Table 1 (continued)
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
{TPH as Gasoline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number Sampled (ppb) {ppb) (pPb) (ppb) (ppb)
Mwy-22 09/15/92 <50 <0.5 <0.5 <0.5 <0.5
(cont.) 12/22/92 <50 <0.5 <0.5 <0.5 <0.5
03/17/93 <50 <0.5 <0.5 <0.5 <05
06/16/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.56 <0.5 <0.5
12/28/93 <50 <0.5 <0.5 <0.5 <0.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/19/94 <50 <0.5 <0.5 <0.5 <0.5
12/19/94 <50 <0.6 <0.5 <0.5 <0.5
MW-23 10/04/91 <30 <0.3 <0.3 <0.3 <0.3
12/19/91 <30 <0.3 <0.3 <0.3 <0.3
03/17/92 <30 <0.3 <0.3 <0.3 <0.3
06/15/92 <30 <0.3 <0.3 <0.3 <0.2
09/15/92 <50 <0.5 <0.5 <0.5 <0.5
12/22/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <0.5 <0.5 <0.5
09/15/93 <50 <0.5 <0.5 <0.5 <0.5
12/28/93 <50 <0.5 <0.5 <0.5 <0.5
03/28/94 <50 <0.5 <0.5 <0.5 <0.5
08/13/94 <50 <0.5 <0.5 <0.5 <0.5
08/19/94 <50 <0.5 <0.5 <0.5 <0.5
12/19/94 <50 <0.5 <0.5 <0.5 <0.5
MW-24 03/29/93 <50 <0.5 <0.5 <0.5 <0.5
06/15/93 <50 <0.5 <0.5 <0.5 <0.5
09/14/93 <50 <0.5 <0.5 <0.5 <0.5
12/29/93 <50 <0.5 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 <0.5
MW-25 03/29/93 <50 0.69 <0.5 <0.5 <0.5
06/15/93 <50 <0.5 <0.5 <0.5 <0.5
09/14/93 <50 <0.5 <0.5 <0.5 <0.5
12/29/93 <50 <05 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
09/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 . <05
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Table 1 {continued}
Groundwater Analytical Data
Groundwater Monitoring Wells
Total Petroleum Hydrocarbons
{TPH as Gasoline and BTEX Compounds)
ARCO Service Station 0608
17601 Hesperian Boulevard at Hacienda Avenue
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Number Sampled (ppb) (ppb) {ppb) (Ppb) (ppb)
MW-26 03/29/93 <50 <0.5 <0.5 <0.5 <0.5
06/15/93 <50 <0.5 <0.5 <0.5 <0.5
09/14/93 <50 <0.5 <0.5 <0.5 <0.5
12/29/93 <50 <0.5 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/13/94 <50 <0.5 <0.5 <0.5 <0.5
05/20/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 <0.5

ppb = Parts per billion

NA = Not available

Ethylbenzene and xylenes given as a combined value.
Well contained slight product sheen.

Non-typical gasoline chromatograph pattern.
Anomalous data point.

“AQp oD

= Value taken from system influent sampling.
MW-1 and MW-2 destroyed prior to March 7, 1889 sampling event.
MW-3, MW-4, and M\W-6 (E-1) destroyed June 18, 1990.

= Denotes minimum laboratory detection limits. See attached certified analytical reports.
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Table 2
Groundwater Analytical Data
Domestic Irrigation Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)
Hacienda Avenue and Via Magdalena
San Lorenzo, California
TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Address Sampled (ppb) {ppb) (ppb) (ppb) {ppb)
590 H 11/13/91 <30 <0.3 <0.3 <0.3 <0.3
10/14/92 <50 <0.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/032 NS NS NS NS NS
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/16/94 <50 <0.5 <0.5 <0.5 <0.5
09/21/94 <50 <0.5 <0.5 <0.5 <0.5
12/21/94 <50 <0.5 <0.5 <0.5 <0.5
833 H 09/11/91bd NS NS NS NS NS
10/14/922 NS NS NS NS NS
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
09/15/93b.d NS NS NS _ NS NS
12/30/93b.d NS NS NS NS NS
03/29/94bd NS NS NS NS NS
06/15/940d NS NS NS NS NS
09/21/940d NS NS NS NS NS
© 10/07/94 <50 <0.5 <0.5 <0.5 <0.5
12/21/94 <50 <0.5 <0.5 <0.5 <0.5
634 H 09/11/91bd NS NS NS NS NS
10/14/922 NS NS NS NS NS
12/21/92b.d NS NS NS NS NS
03/16/93bd NS NS NS NS NS
06/17/93bd NS NS NS NS NS
09/15/932 NS NS NS NS NS
12/30/93b.d NS NS NS NS NS
03/29/94bd NS NS NS NS NS
06/15/94 NS NS NS NS NS
09/21/940d NS NS NS NS NS
12/21/94bd ~ NS NS NS NS NS
642 H 11/13/91 <30 <0.3 <0.3 <0.3 <0.3
10/16/92 <50 <0.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/932 NS NS NS NS . NS
03/30/94 <50 <0.5 <0.5 <0.5 <0.5
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Table 2 (continued)
Groundwater Analytical Data
Domestic Irrigation Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)
Hacienda Avenue and Via Magdalena
San Lorenzo, California
TPH as '

Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Address Sampled (ppb) {ppb) {(pph) {ppb) (PP}
642 H 06/15/94 NS NS NS NS NS
(cont)  09/21/94bd NS NS NS NS NS

12/21/94Pd NS NS NS NS NS
675 H 09/11/91bd NS NS NS NS NS
10/14/922 NS NS NS NS NS
12/21/92b4d NS NS NS NS NS
03/16/93b.d NS - NS NS NS NS
06/17/93bd NS NS NS NS NS
09/15/933 NS NS NS NS NS
12/30/933 NS NS NS NS NS
03/29/942 NS NS NS NS NS
06/15/942 NS NS NS NS NS
09/22/94 <50 <0.5 <0.5 <0.5 <0.5
12/21/94" NS NS NS NS NS
17197 VM 11/13/91 <30 <0.3 <0.3 <0.3 <0.3
10/14/82 <50 <0.5 <0.5 <0.5 <0.5
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/93 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 - <0.5 <05
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
09/21/942 NS NS NS NS NS
12/21/84 <50 <0.5 <0.5 <0.5 <0.5
17200 VM 11/13/91 440 2.7 <0.3 <0.3 12
10/14/923 NS NS NS NS NS
12/18/92 160 1.4 <0.5 <0.5 3.4
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <0.5 <0.% <05 <0.5
09/15/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/93 <50 <0.5 <0.5 <0.5 <0.5
03/29/94 <50 <0.5 <0.5 <0.5 <0.5
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
09/21/94 <50 <0.5 <0.5 <0.5 <0.5
12/20/94 <50 <0.5 <0.5 <0.5 <0.5
17203 VM 11/13/91 <30 <0.3 <0.3 <0.3 <0.3
10/16/922 NS NS NS NS NS
12/21/92 <50 <0.5 <0.5 <0.5 1.3
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
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Table 2 {continued)
Groundwater Analytical Data
Domestic Irrigation Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

Hacienda Avenue and
Via Magdalena
San Lorenzo, California

TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Address Sampled (ppb) {(ppb) (ppb} (ppb) (ppb)
17203 VM 06/17/93 <50 <0.5 <Q.5 <0.5 <0.5
(cont.) 09/16/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/93 <50 <0.5 <Q.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 <0.5 <0.5
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
09/21/942 NS NS NS NS NS
12/21/94 <50 <0.5 <0.5 <0.5 <0.5
17302 vM  10/21/91 72 0.64 <0.3 0.44 <0.3
10/14/922 NS NS NS NS NS
12/21/92 <80 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <05 <0.5 <0.5 <0.5
06/17/93bd NS NS NS NS NS
09/16/93 66 <05 <0.5 <0.5 <05
12/30/93 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 <0.5 <0.5
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 <0.5 <05
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
09/21/94@ NS NS NS NS NS
12/21/94 <50 <0.5 <0.5 <0.5 <0.5
17348 VM 11/13/910d NS NS NS NS NS
10/14/922 NS NS NS NS N3
12/21/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/16/93 <50 <Q.5 <0.5 <0.5 <0.5
09/15/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/93bd NS NS NS NS NS
03/30/94 <50 <{0.5 <0.5 <0.5 <0.5
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
09/21/942 NS NS NS NS NS
12/21/94 <50 <0.5 <0.5 <0.5 <05
17349 VM 09/27/91 780 13 <3.0 <3.0 <3.0
10/14/92 2,200 <50 <50 <50 110
12/18/92 1,500 14 1.8 71 56
03/16/93 1,100 16 42 1.8 1.8
06/17/93 1,100 1.5 6.7 2.9 7.9
09/16/93 1,200 13 21 3.0 10
12/30/932 NS NS NS NS NS
03/30/94 420 <1 <1 <1 53
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Table 2 (continued)
Groundwater Analytical Data
Domestic Irrigation Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

Hacienda Avenue and
Via Magdalena
San Lorenzo, California

TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Address _Sampled (ppb) (ppb) (ppb) (ppb) (ppb)
17349 VM 06/15/94 460 <0.5 <0.5 <0.5 1.8
09/21/94 590 1.8 <0.5 1.1 7.6
12/21/94 670 <0.5 <0.5 <0.5 1.8
17371 VM 1113/ 870 8.0 1.0 2.1 45
10/14/92 <50 <0.5 <0.5 <0.5 <0.5
12/18/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 500 87 <0.5 3.9 31
06/17/93° NS NS NS NS NS
09/16/93¢ NS NS NS NS NS
12/30/93¢ NS NS NS NS NS
03/30/94¢ NS NS NS NS NS
06/15/94¢ NS NS NS NS NS
08/21/94¢ NS NS NS NS NS
12/21/94¢ NS NS NS NS NS
17372 VM 09/27/91 300 5.5 <0.60 1.3 0.72
10/14/92 220 <1.0 <1.0 <1.0 <1.0
12/18/92 290 3.8 0.88 0.99 1.2
03/16/93 110* <0.5 <0.5 <0.5 <0.5
06/17/93 140 <0.5 1.3 0.63 1.1
09/15/93 120 <0.5 1.1 0.62 1.2
12/30/93 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 <50 <0.5 <0.5 <0.5 <0.5
06/15/94 110 <0.5 <0.5 <0.5 <0.5
09/21/94 55 <0.5 <0.5 <0.5 <0.5
12/21/94 <50 <0.5 <0.5 <0.5 <0.5
17383 VM 11/13/%1 31 <0.3 <0.3 <0.3 <0.3
10/14/922 NS NS "NS NS NS
12/18/92 <50 <0.5 <0.5 <0.5 <0.5
03/16/93 <50 <0.5 <0.5 <0.5 <0.5
06/17/93 <50 <0.5 <0.5 <0.5 <0.5
09/15/93 <50 <0.5 <0.5 <0.5 <0.5
12/30/932 NS NS NS NS NS
12/30/93 <50 <0.5 <0.5 <0.5 <0.5
03/30/94 50 <0.5 <0.5 <0.5 <0.5
06/15/94 <50 <0.5 <0.5 <0.5 <0.5
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Table 2 {continued)
Groundwater Analytical Data
Domestic lirigation Wells
Total Petroleum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

Hacienda Avenue and
Via Magdalena
San Larenzo, California

TPH as
Well Date Gasoline Benzene Toluene Ethylbenzene Xylenes
Address Sampled {(ppb} {ppb) (ppb) (ppb) (ppb}
17393 VM 08/21/942 NS NS NS NS NS
{cont.) 12/21/94 <50 <05 <0.5 <0.5 <0.5
ppb = Parts per billion
H = Hacienda Avenue
VM = Via Magdalena
< = Denotes laboratory detection limit
NS = Not sampled
* = Non-typical chromatogram pattern, did not sample.
a. Owner not available to approve sampling access, well not sampled.
b. Pump not functioning, well not sampled.
C. Access denied by owner, well not sampled.
d. Pumping equipment obstructing sampling access, well not sampled.

Homeowners are contacted 1 week prior to sampling event.

3300063C/RESP R March 7, 1995




APR~— 4—95 TUE 15 :154 E.o1

*

f PACIFIC
9% ENVIRONMENTAL
\\\"\\ GROUR INC.
| FACSIMILE TRANSMITTAL
DATE: . L’!, 65 PROJ, # 520 -006 3¢
TO: fﬁeum (Rnves EAX: S\O -~ 286- 1330

] LGy

FROM: . %{I ™ W\.@Mma@?\

IF YOU HAVE ANY PROBLEMS RECEIVING THIS FACSIMILE, PLEASE CALL (408) 441-7500

SHEETS TO EFOLLOW COVER PAGE

- RACK-OP

. ﬁ 9
COMMENTS: 1 e TRALIMT  THE  TABLES C \'-\?Aé&%)
AETER . THE TEXT 195 FAX'D. THATU WAY NOU
CAD BEGW Yok REVICLS SconeR., R DEREGARD
L E_UNNECERSARY

THARNES _
LEATH .

Ve, B LU RE CUT-CEE-THE ob £CE 1080 - NOON.
UDAY -

~ - 1

- - - e P Tie AAA €am bmem Faliiaemiz 8110 {408) 441.7500 EAX 1408) 441-7539




AP R - a4 — 35 TUJUE 18 155

PACIFIC
N ENVIRONMENTAL
\\ GROUE INC.

™

March 7, 1995
Project 330-006.3C

Ms. Anmy Leech

Ms. Juliet Shin

Depariment of Environmental Health
Environimental Protection Division

Alameda County Health Care Services Agency
1131 Harbor Bay Parkway, Suite 250
Alameda, California 94502-6577

Re: Response to ACIICSA Letter, dated January 23, 1993
ARCO Service Station 0608
17601 1lcsperian Boulevard
San |.orenzo, California

Dear Ms. .eech and Ms. Shin:

et On behalf of ARCO Products Comparny (ARCO), Pacific Environmeti:al Group, Inc.
(PACIFIC) prepared this letter to respond to Alameda County Health Care Services
Agency’s (ACHCSAs) letter to ARCO, dated January 23, 1995, The ACHCSA lelter
responded to the Remedial Investigation/Feasibility Study (RVF 8) submitted by
PACIFIC to ACIICSA on November 22, 1994 for the site referenced above. This
response letter begins with some overall comments, then responds individually to the
comments and questions raised by ACHCSA.

OVERALL COMMENTS

ARCO and PACIFIC agree with some of ACLICSA’s comments and we present clarify-
ing information where we find it appropriate. We believe that some of the issues can be
resolved through consultation with Dr. Rawvi Arulanantham, whose comments on the
RUFS have not yet been received. We believe that it 15 essential to keep

Dr. Arulanantham invelved in this project, as he is uniquely qualified «nd has provided
valuable guidance for the RI/FS thus far He also contributes conside ‘able expertise in
the fields of risk assessment and biodegradation of hydrocarbons. Therefore, before
undertaking any additional field tasks to investigatc areas of concern raised by
ACIICSA, we propose that a meeting be held, to include Dr. Arulanaittham, ACHCSA,

2025 Cateway Place, Suite 440, San lose, Calilornia 95110 1408) 441-7500 FAX (408) 441-7539
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(he California Regional Water Quality Control Board (RWQCB), ARCO, and PACIFIC,
to agree on what (if any) additional information is required, and what is the best way to
collect 1hat information.

RESPONSI TO SPECIFIC ISSUES

1. Way the punip in Extraction Well EA-1 lowered as discussed during the July 8, 1994 '
meeting? If yes, was the caplure zone for this new pump depth incorporated into the
Fute and Transport Study (F15)?

The pump in the Extraction Well E-1A was lowered to a depth of appr oximately
23.5 feet in July 1994, 'As is standard for groundwater flow models, the FTS does not

incorporate the depth of the extraction pump. Instead, #t incorporates 4 specific volume

of water removed per unit time at the extraction well location, along with other aquifer
propertics. The pumping rate used in the FTS was 577.5 feet® per day. ‘The model used
was MT3D, which is generally regarded as one the most sophisticated .and widely
accepted models for fate and transport studics. This modcl was approved for use at this
site by ACIICSA. |

2. Sufficient data was not provided to prove that pumping of donestiz irrigation wells
is or is not uffecting plume migration. PACIFIC agreed to reques! that the hone-
owners do 1ot puimp through 1995 to allow more time to determine if the pumping
of domestic irrigation wells is a factor in plume migration. Furtherimore, we urge
ARCO 10 convince the remaining four homeowners who continie (o pump, o stop
pumping until the impact of off-site puimping is known.

We belicve that sulficicnt information exists to determine that the pumping of domestic
irrigation wells will not affect plume migration. This was the conclusicn of the FTS,
whetein known maximum domestic irrigation well pumping rates for ky wells were
tripled, then incorporated into the FTS. The pumping rates used in the FTS for these
wells were presented in Table A-1 of the RUFS. 'The rosults of the FT3 indicated that
the combined pumping of Extraction Well E-1A and the key domestic irngation wells
had no appreciable affect on plume migration. The results also indicated that either non-
detectabie or health-protective hydrocarbon concentrations should be present in the
domestic irrigation wells,

We agree with ACHCSA that a conservative approach through 1995 i3 prudent.
Therefore, even though pumping does not pose a health concern, we are requesting all
14 domestic irrigation well owners for their cooperation in not pumping their wells and
allowing PACIFIC to sample those wells quarterly through 1995, The request letters
were sent 1o the well owners on February 27, 1995; copies of the Jetters were sent to
ACHCSA. Ifany of the well owners do not respond or do not wish tc cooperate, we

FI0NGICRESP THIC
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will follow up with one additional letter or try to meet with them in perion to obtain their
cooperation.

3. If domestic irrigation wells are to be used as sentinel or boundary wells, then well
construction of those wells should be defined. Based on the RI/FS proposal, well
633H is intended 10 be used as a boundary or trigger well. If that is the case, well

We wish to clarify the purpose of Well 633 11 and the other domestic irrigation wefls,
We are not proposing that any of these wells be used as boundary wells for management
of the groundwater hydrocarbon plume. Instead, the domestic irtigation wells will be
monitored 1o verify protection of human health and the environment. The results of the
risk assessment indicated that the impacted groundwater docs not currcntly pose a health
concern. ‘The monitoring data would be used to perform health risk evaluations to verify
that concentrations of hydrocarbons (if any) in the domestic irrigation wells remain
health protective. Therefore, construction details for these wells are nct critical.

We agree with ACHCSA that well construction details are neccssary {cr the boundary
wells that are used to manage the groundwater hydrocarbon plume. Therefore, the
configuration of the hydrocarbon plume in the shallow water-beasing zone will be moni-
tored via monitoring wells constructed for that purpose, and may include Wells MW-11,
MW-14, MW-15, MW-16, and possibly MW-17. We will develop the groundwater
manageinent plan in conjunction with ACHCSA (ollowing approvat of the RUFS. This
plan will identify the boundary wells, their sampling requirements, and corrective actions,
including possible active remediation, if certain implementation critetia are met in the
boundary wells. The implementation ceiteria would be consistent with recently
RWQUB-adopted Non-Attainment Zone policy, however, we are not proposing to

© spevifically establish a non-attainment zone for the sitc. Alternative 2 proposcs institu-

tional controls consisting of a groundwater inanagement plan that includes regular
groundwater monitoring and sampling, and health risk evaluation.

4. An assumption was made in the TS that the half-life of 110 days Jlor dissolved
benzene is the most reasonable rate based on site lithology. A Sensitivity Study was
also performed using a half-life of 230 days.

How do these rates compare 10 the biodegradation rates provided by the FPA’s
Toxicologicad Profile for Benzene? Please provide us data that relutes to similar
subsurface conditions of the subject site. '

The biodegradation rate of 110 days used for benzene was selected based on published
data cited in the RIUFS and presented at the July 8, 1994 mccting betwien ACHCSA,
RWQCB, ARCO, and PACIFIC, The purpose of that meeting was to obtain approval of
our RUFS approach, including FTS modcling paraincters hike the biodegradation rate for
benzene. At that meeting, no objection was raised regarding the use o7 the 110 day
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biodegradation rate for benzene. References for the published rate were submitted to
ACHCSA following that meeting as requested, and until ACHCSA’s Junuary 23, 1995
leiter, we did not receive any feedback that the biodegradation rate proposed and used
was inappropriate. The area of biodegradation of hydrocarbons is one of those where
Dr. Arulanantham’s input is essential. Nevertheless, the requested information and
source is given below., ‘

“The degradation of benzene by microorganisms has been well tresearched, and the
conclusion rcached is that benzene is biodegradable (e g. sce Haidor ot al. 1981, Hopper
1978, Sctzkorn and Huddlcsion 19635, Tabak of al. 198), Gihson 1977, Higgens et al.
1980, Smith and Rosazza 1974, Korte and Klein 1982, Unger and Claff 1985).

The above-mentioned studies document the aerobic degradation of benzenz, and,
althongh far less information is available, bensene apparently is biodcgraded under
anacrobic conditiens although probably somewhat slower than aerobically  One study
that illustrates (his is (he research of Wilson et al. (1986). Thesc investigators found
that under anaerobic conditions in the laboralory, benzeng was not significanty
degraded during the first 20 weeks of incubation. but, by 40 weeks of incuhation,
bor7ene concentrations were reduced by 72%. At 120 weeks of incubation over 99%
degradation had takea place. However, Batterman [1986, as reported in Chem. Abstr.
104(24): 2129094}, in investigating the in silu anoxic biological treatment of a hydro-
carben-coptaminaled aquifer, reported the complete removal of benzene aler only

& months. Gibson (1980) presents a proposcd pathway for the anaercbic tiodegracition
of aronsatic compounds.

As discussed by Gibson (1980) and Hopper (1978), micrhial metabolism of benzenc
proceeds through the formation of cis-dikydrodiols and. with further oxidation, to
catechols which are the substrates for ring fission. Thus, before froing to catechol,
benzene biodegrades to 1,1-dihydroxoxy-1,2-diliydrobenzene (Gibson 1980),

One important point must be made. The results of Taboratory experiments which
characlerize most of the above, especially those using large numhers of or zanisnis
known to degrade benzene, must be carefully applied to ficld situations. AN example of
this is seen in the studies of Haider ct al. {1981). Nocardis species and Pseudomonas
specics, afler cultivation on benvene, effectively degraded benzene after 7 days (45 to
90%); however, when 100 g soil with a mixed bacteria population: was imixed with 2 mg
benzene, only 47% of the added cadicactivity was recovered as CO; afler .G weeks.
Haider ¢ al. concluded that specific organisms which degrade benzene were present in
the soil in only smail mimbers,”

Source: ‘Toxicological Profile for Benzene, Oak Ridge National Laboratory for U.S.
Department of Health and luman Services, Public Health Service Agency for
Toxic Substances and Disease Registey, May 1989,

As indicated above, the refercnce cites complete degradation of benzese under anaerobic
conditions after 120 weeks, or an equivalent half-life of 126 days. The reference also
cites studies that indicate the aerobic biodegradation rate for benzena ranges from 7 to
70 days. Field data collected from monitoring and dotnestic irrigation wells show
dissolved axygen (DO) in groundwater ranges from 2 to 9 parts per million {ppm).
These DO concentrations support acrobic biodegradation of benzene in groundwater.
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Therefore, the sclected biodegradation rate of 110 days for benzene is appropriate, and
should be considered conservative.

At the July neeting, alternate biodegradation rates were suggested by Dr. Arulanantham.
These rates (6 and 250 days) were suggested in order to evaluate the effects of varying
biodegradation rates on the hydrocarbon plume (sensitivity analysis). The more-conser-
vative biodegradation rate of 250 days was evaluated as requested and the results of the
sensitivity analysis showed similar characteristics to results using a 11C day biodegrada-
tion rate. The lcss-conservative biodegradation rate was not evaluated because this rate
is based on laboratory research and does not readily apply to field conditions.

5. How do we know that contaminant atrenwation observed has been due to biodegra-
dation as opposed to adsorption apd dilution? It is difficull to predict that signifi-
cant biodegradation is occurring within the groundwater, capillary fringe, and
vadose zone at the source and downgradient of the source of contamnination.

A study by PACIFIC dated October 12, 1993, was made on the feasibility of in-situ
bivremediation of contaminated soil af the site. The study concluded that
“...characteristics favorable to bioremediation were not sufficient (o warran! Sfurther
sty "

Although a case comparison was made m the RUES ra support the theory that
groundwater characteristics are fuvoruble to bioremediation at the ARCQ site, we
do not see enough evidence to support the assumption the Case Study groundwater
characteristics are “remarkably sinnlar " 10 the ARCO site.

Recanse it is difficult 1o predict a biodegradanon rate based on gualitative data, we
recommend that a Fate and Transport Sensitivity Model Study be completed for a
worse case scenario where biodegradation does not occur, i.e. the half-life for
henzene is mll.

Furthermore, on-site specific data should be collected to support that sufficient
bivdegradation is occnrring in the groundwalter....

These cominents suggest that ACHCSA is not convinced that biodegradation is taking
place at the site. Considering: (1) the general observed decline in hydrocarbon concen-
trations in the off-site wells, (2) the excess dissolved oxygen measured in groundwater,
and (3) the abundant published literature indicating that petroleum hycrocarbons,
especially benzene, are biodegradable, we find it quite logical that biocegradation as well
as other possible mechanisms for natural attenuation like dilution (dispersion), and
adsorption, is occurring. Specific responses to the points raised by ACHCSA follow.

The FTS conducted at the site included elfects of dilution, but not adsorption, in order to
be wore conservative. By including adsorption in the model, the hydrocarbon concen-
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trations in groundwater should migrate downgradient at a slower rate than with biode-
gradation alone.

The feasibility study conducted in 1993 addressed biodegradation in soils, not ground-
water. Oxygen, which is generally the limiting factot in biodegradatior,, is present in the
groundwater in sufficient concentrations for aerobic biodegradation to oceur.

ACHCSA statés that insufficient evidence cxists to state that the case study and the
ARCO site are “remarkably simiar.” We found the similanities in the groundwater
mineral quality and dissolved oxygen to be significant. However, the case study is less
relevant than the actual hvdrocarbon concentrations at the site, which have decreased
markedly between 1991 and 1994, Figures 11 and 12 in the RUFS illustrate this
decrease.

To summarize, PACIFIC judges that scveral lines of cvidence indicate that biodegrada-
tion is oveurring at the site. Furthermore, previous cominunications with ACIICSA and
the RWQCB have accepted the oceurrence of biodegradation, with the recommendation
that a sensitivity study with an exiremely conservative biodegradation rate would be
performed. The 250 day rate was suggesied as acceptably conservative. This was the
inodcling approach that was approved by ACHCSA during the July 1994 meeting.
Thus, we do not believe that conducting the I'T'S with a null biodegradation rate, or the

- colleetion of additional field data at this time is warranted. This is 2 topic we ook

forward to resolving at a meeting between ACHCSA, RWQCH, including
Dr Arilanantham, ARCO, and PACIFIC.

6. The model results from Scenario 2, for which the Remedial Action Plan Is
supported, indicates that the plume boundaries will recede approximately 350 Jfeet
in 1 year, just two years after the benzene release to the groundweter began. 1The
data used 1o produce this plume behavior is from the 1st Quarter 1994 (reported in
March 1994). Data presented from the 2nd and 3rd quarterly 1994 monitoring, do
not show any recessionary trend which leads us 1o believe that the nodel is inaccu-

rere.

Further, we kaow that the plime boundaries for dissolved benzene currently extend
approximately 600 feet downgradient from the site, and the benzene release to the
groundwater began to occur 7 or more years ago. If the rate of biodegradation
suggested by the model were occurring, it would seem that greaier evidence of
pluine boundury recession would have been more apparent after 7' plus years of
monitoring.

It hus been shown that benzene concentrations have decreased in the outlying
domestic irvigation wells for the last 3 or more quariers. However to date, the
phane boundaries have not appreciably receded upgradient toward the site.
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Ihe report states “.that groundwater from MW-10is decreasing markedly in
dissolved benzene...”. Historical data presented thus far for MW-10, has exhibited
sporadic fluctuations in benzene concentrations. If sufficient evidence is not
provided (o ensure thal contaminand concentrations in MW-10 are significantly
biodegrading or attenuiting, a corrective action plan will he required to address
comainment/stabilization and, possibly, remediation of this off-site plume concen-
fration,

These comments suggest that we should explain more details about the FTS. First, the
mnodel does not predict 350 feet of plutne recession “just two years aftar the benzene
release._occuired.” The input parameters assume a constant source of’ benzene to the
groundwater on site, and an initial plune configuration based on March 1994 monitoring
data. It is clear that the benzene source on site was formerly much greater than it is
now. Significant source removal has taken place via tank replacement and extcnsive soil
cxcavation concurrent with the tank replacement.

The reduction in source is an important consideration in looking for plume recession
over time. The extensive plume resulted from a much more significant source than exisls
today. Evidence from outlying wells, including Wells MW-15, MW-15, and MW-17, as
well as from various domestic irrigation wells, shows decreasing hydrocarbon concen-
wrations, Contrary to the ACHCSA statement that plume boundaries Fave not receded,
these wells show plume recession between 1991 and 1994, Figures 11 and 12 in the
RI/FS illustrate this decrease.

We wish 10, clarify that the dissolved benzenc plume is not approximatzly 600 feet in
[enuth. As of the September 1994 sampling cvent, benzenc was detecied in only three
off-site wells {Welis MW-8, MW-10, and 17349 VM) istorically, these wells had the
highest benzene concentrations. Data from the September 1994 sampiing event showed
significant decrcascs in the benzene concentrations in these wells since the previous
quarter. Data from the December 1994 sampling event confirmed this decrease

(Tables | and 2). Additionally, there are scveral monitoring wells and domestic irriga-
tion wells that are located between these three wells and in which benzene has been
detected in the past, but not recently. This indicates that the benzene in these arcas has
naturally uttenuated to levels that meet the groundwater remedial goals, and suggests a
decreasing benzzne plume which extends ofF-site to the area just beyond Well MW-10 as
well as & localized area of benzene in the area of Well 17349 VM. Historically, the
higher concentrations of benzene will take more lime to attenuate to levels which meet
the groundwater remedial goals. This condition will be validated only through monittor-
ing the plume through time, which is an essential element of Alternative 2 in the RUFS.

The model is meant as a general predictive tool, and net as a predictor of exact cancen-
uations at specitic wells. The data input to 1he model is based whenever possible on
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actual field conditions, and where field measurements are not available, on reasonable
assumptions. Soine heterogeneities in subsurface conditions, such as variations in
hydraulic conductivity or stratigraphy, are likely to exist locally. These: are impossible to
quantify precisely, but would cause local difTerences between model predictions and
actual concentrations measured in monitoring wells. While it is certainly possible to
calibrate the model with historic data so that it mirrors existing data, this exercise would
not necessarily increase the accuracy of the model as a predictive tool. This is because
any number of parameters, such as permeability, porosity, and dispersivity, can be
adjusted 1o achieve the desired results, but we have no assurance that the adjusted
paraineters are the correct ones to modify to make the model more clasely represent the
actual subsurface conditions. The model predicts that over time, benzene concentrations
should decline to non-detectable levels for most the area under consideration. This
prediction will also be validated only through monitoring the plume through tinie, which
is an essential element of Alternative 2 in the RI/FS,

We acknowledge that Well MW-10 has historically shown fluctuating nenzene concen-
trations. In the first quarter 1993, it appears that a dissolved hydrocarbon “slug” reached
Wwell MW-10. The concentrations peaked in the fourth quarter 1993, and since then,
concentrations have declined. The fourth quarter 1994 data indicates that Well MW-10
contained 3,000 parts per billion (ppb) total petroleum hydrocarbons calculated as gaso-
fine (IPH-g), and 150 ppb benzenc (Tables 1 and 2). Whilc this 1s a slight increase over
the third quarter 1994, it is stil! fess than the peak concentrations observed during.1993.
As mentioned above, monitoring over time is recommended to validate: the predicted
decrease in hydrocatbon concentrations.

ACHCSA also comiments that corrective action may be required to address hydrocarbon
concentrations in Well MW-10. The RI/FS rccommends that Well MW-10 be monitored
as part of a groundwater management area. Possible corrective actions should be
required only if certain criteria are met in the boundary wells, as would be identified in a
contingency plan. Both groundwater hydrocarbon plume configuration and remaining
healih risk would be managed by Alternative 2.

7 What are the current soil contaminant concentrations on site? What is the future
feaching potential for these soils? How long will these soils contribute to ground-
waiter contamination?

The most recent data on soil contaminant concentrations on site for the UST gaso-
line complex and used vil tank location is 1988, and 1992 Jor the vil-water separa-
1or. Per vur conversation with PACIFIC, it was stated that the future leaching of
on-site soil contamination was incorporaied into the F1S iising a general feaching
rate solely for benzene. We suggest using more current, sife specific data for model
calibration.

Q06 ICRESP.1DOC
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Alternative 2, the recommended remedial action plan presented in the RI/FS, did
not address remediation of the impacted on-site soils. However, the report indicates
that the remaining soil contamination is expected lo:

o require a long period of time to naturally atrennate and
o will further impact the on-site groundwater.

If residual soil comamination is in fact continuing to impact the groundwater, then
as siated in Allernative 4, attempling 10 eliminate the ultimate source of comaming-
tion would seem warranted in this situation.

The majority of tydrocarbon mass in soi} was removed during the tank replacement
activitics in June 1988. Based on a rough comparison of soil data for samples collected
above the capillary fringe prior 1o and during tank replacement activitics, we concluded
that: :

e Approximately 96 percent of the hydrocarbon mass in the area of the
former underground tank complex was removed during tank raplace~
inent activities. '

» Approximately 98 percent of the hydrocarbon mass in the ares of the
used il tank was removed during tank replacement activities.

The most current data on hydrocarbon concentrations in soil were collected in March

s and April 1993, and 15 reported in the RUFS in Part 2.2, Tables 5 through 9. and
Figures S and 6. Most locations tested showed non-detectable hydrocarben concentra-
lions at the capillary fringe, the target area for analysis. The maximum on-site benzene
concentration is located at Well SP-1/V-4, at 0.59 ppm benzene. This ‘evel is below the
proposed soil cleanup goal for benzene for the site.

The leaching potential and continuing contribution of benzene from soils to groundwater
was generalized for the FTS, as a constant source of 330 ppb benzene in the ground-
water. This value was based on the average benzene concentration in on-site ground-
water monitoring wells. '

We acknowledge that the remaining hydrocarbons in soil on site may require a long time
ta naturally biodegrade, and that prior to completion of this biodegradation they may
present a continuing source to the groundwatcr, However, the mass o the remaining
source is so low that active remediation of soils is not judged 10 be cost-effective. Also,
the impact of this sinall mass source to groundwater is dimj nished by the existing on-site
groundwater exiraction system. Operation of this system until a stable plume configura-
tion is confirmed is a primary element of Alternative 2.

R Although the on-site extraction system appears o have contributed to the reduction
in comamingant migration since ils operation began in 1991, MW-8 and MW-10, the
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clusest monitoring wells downgradient of the site, continue to show elevated levels
of 1PHg and benzene. This data appears lo indicate that contaminants continue to
migrate off-site despite the on-site extraction system and/or that the contaminant
plume in this area is not significantly biodegrading.

Further efforis in contaminant source reduction, as presented Alternative 4 (Soil
Vapor Extraction on Site, Institutional Controls for Groundwater Qff Site, Air
Sparging and Groundwater Extraction On Site) in the RIS andior further investi-
gationy into the feasibility of off-site groundwater extraction from MW-10 should be
considered as viable remediation efforts.

‘{'he continuing presence of hydrocarbons in Wells MW-8 and MW-10 does not neces-
sarily indicate continuing migration, or lack of biodegradation. The primacy benefit of
groundwater extraction is migration control of hydrocarbons. Some dissolved hydrocar-
bons may be “captured” by groundwater extraction. Even in the event hydrocarbons are
not captured, the groundwater velocity immediately downgradient of the extraction well,
beyond the capture zone, will be reduced. Thus, migration of hydrocarbons can be
slowed, even without hydrocarbon “capture.” This may be the case with Wells MW-8
and MW-10. Also, biodegradation would be expected to reduce hydrocarbon concen-
trations in these wells, but not as quickly as occurring on the fringe of the hydrocarbon
plume  As the plume recedes from its most downgradient extent upgradient toward the
site, Well MW-10 should continue to show decreasing benzene concentrations, and ulti-
mately Well MW-8 should show this wrend as well. Regardless. Alierrative 2 proposes
w inanage the elevated hydrocarbon levels in Wells MW-8 and MW-10 using a ground-
water management plan. We will continue to monitor the capture zone created by

Well L-1A and its cffect on groundwater migration in the arca of Well MW-8.

As discussed above under Comment #7, further source reduction on site does not appear
lo be warranted, because the remaining mass source is quite small, based on 1993 data.
Further, as noted under Comment #6, possible off-site corrective acticns should only be
considered if certain criteria are met in boundary wells {the boundary wells and the crite-
ria will be proposed in a groundwater management plan).

Finally, ACHICSA expresscs concern that contaminants may reach off site receptors, and
reconinends fforts toward source reduction and plume containment. The best informa-
tion which may be developed to demonstrate that off-site receptors will not be impacted,
is to continue monitoring the site area. If concentrations increase in the domestic irriga-
tion wells to levels that are not health-protective, well-specific actions can be imple-
mented to reduce health risk to acceptable levels. These actions inchude discontinuing
use of the weil until concentrations decrease to health-protective levels. At this time, we
do roi judge that more aggressive remedial efforts are warranted.
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We hope that we have sufficiently addressed many of the issucs raised in your Janu-

ary 23, 1995 fetter. It was our understanding that many of the issues raised had been -

clarified and/or approved during our July 1994 meeting, or had been presented in the
RIFS. It has been and remains our goal to work with ACHCSA to develop an RVFS
approach that is acceptable. We look forwaid to continuing discussion of these 1ssues
with you, Dr. Arulanantham, and the RWQCB. '

Sincerely,
Pacific Environmental Group, Inc.

Keith Winemiller
Project Engincer

E@Z/ (teomr

Debra J. Masdr
Project Manager
CEG 1293

Attachments: Table 1 - Groundwater Analytical Data, Groundwater Monitoring
Wells - Total Petroleum Hydrocarbons
(I'PH as Gasoline and BTEX Compounds)
Table 2 - Groundwater Analytical Data, Domestic Jrrigation Wells -
Total Peirolcum Hydrocarbons
(TPH as Gasoline and BTEX Compounds)

Dr. Ravi Arufanantham, Regional Water Quality Control Roard

ce!
Mr. Kevin Graves, Regional Water Quality Control Board
Mr. Michael Whelan, ARCO Products Coinpany
Mr. Chrs Winsor, ARCO Products Company
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