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Jim Levine or John DeReamer of Levine-Fricke.

Sincerely,

Dave Gustafsin Nick Maoloni

Director of Engineering Director, Corporate
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EXECUTIVE SUMMARY
BACKGROUND

The Sherwin-Williams Company owns and operates a coatings
manufacturing plant (known as the Oakland Plant) located at
the corner of Horton Street and Sherwin Avenue (1450 Sherwin
Avenue) in Emeryville, Alameda County, California {("the Site";
Figure 1). The plant has been in ocperation since the early
1900s, manufacturing various types of coating products and
lead-~arsenate pesticides (until the late 1940s). 1In 1987,
Sherwin-Williams changed its manufacturing at the Site from
oil-based products to water-based products. The change in
manufacturing operations included the closure and dismantling
of an oil tank storage facility and the closure and
dismantling of a solvent tank storage facility.

Several phases of soil and ground-water investigation were
subsequently conducted from 1988 to 1991 to assess the nature
and extent of a range of volatile organic compounds (VOCs),
semivolatile organic compounds (8VoCs), and certain inorganic
compounds (mostly arsenic and lead) detected at the Site as a
result of the investigation of the closed tank storage
facilities. Investigations of chemical compounds in soil were
conducted in four areas of the Site: the former oil tank
storage, the former solvent tank storage, a paved parking area
that is near the former solvent tank storage, and an arsenic
source area (Figure 2). Based on the results of these
investigations, three general categories of chemicals were
identified in A-zone ground water in the site vicinity that
may require remediation: VOCs, SVOCs (including total
petroleum hydrocarbons [TPH]), and arsenic. Analytical data
indicate chemical compounds detected in A-zone ground water do
not appear to have affected B-zone ground water at
concentrations requiring remediation.

IDENTIFICATION OF INTERIM REMEDIAL MEASURES

In 1990, the Sherwin-Williams Company retained Levine-Fricke
Lo develop interim remedial measures for the Site. This
report presents an evaluation of potential technologies and
engineering measures for interim remediation of soil and
ground water affected by the release of chemical compounds at
the Site. The evaluation was conducted in accordance with

site investigation and treatability study work plans prepared
by LevinesFricke for Sherwin-williams.

1563 /Rem, MOK/NAS ix
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Objectives of the Interim Remedial Measures

The objectives for the interim remedial measures are to
minimize or eliminate potential human exposure to affected
soil and ground water, prevent or minimize off-site migration
of the affected ground water, and control source areas to
prevent or minimize further ground-water impacts on site.

Interim Remedial Goals

Proposed interim remedial goals were developed for the Site.
The remedial goals for soil and ground water may vary,
depending on whether active remediation is implemented fe.g.,
treatment of soils or ground water) or if containment of
affected soils and ground water is implemented in, combination
with limited active remediation. More stringent cleanup
standards would be necessary in the event containment is not
implemented because the risk of human exposure is much
greater. Alternatively, containment would reduce the extent
of active remediation required, allowing soils containing
higher concentrations of compounds to be left in place while
minimizing or eliminating potential human exposure to them.

A no action alternative was evaluated for the Site; however,
because this alternative would not address the goals and
objectives for remediation, the no action option was not
evaluated further as one of the interim remedial alternatives.

The following cleanup goals for soils were used to estimate
the veolume of soil requiring full source containment or
remediation: 10 mg/kg for VOCs; 100 mg/kg for hydrocarbons;
50 mg/kg for arsenic; and 500 mg/kg for lead (Table 14) .

A list of priority pollutants found in ground water, along

with corresponding Federal or State standards for these

compounds, is shown in Table 15. The ground water at the Site
would be considered a beneficial use as a potential drinking
water source because the total dissolved solids (TDS) levels
are in the range of 460 mg/L to 870 ng/L, below the 3,000 mg/L
State standard. Therefore, drinking water standards are
conceptual remedial goals for ground water.

These conceptual goals provided a basis for estimating the
volume of soil that may be remediated or contained as an
interim remedial measure and for estimating the associated

‘remedial costs. The actual long-term remedial goals for the

Site may differ from these conceptual interim remedial measure
goals.

1345/ Rem . HOK /NAR X
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The conceptual interim remedial goals for ground water
presented are target concentrations identified primarily to

define the extent of necessary ground-water remediation or
containment.

Areas Requiring Remediation

Based on the interim remedial goals, volume estimates were
made of the soils requiring remediation or containment.
Approximately 2,200 cubic yards of soil require remediation or
containment in the former oil tank storage area (Figure 10).
Approximately 10,100 cubic yards were identified for
remediation or containment in the former solvent tank storage
area and paved parking area (Figures 11A and 11B). Finally,
approximately 13,100 cubic yards of arsenic-affected soils

require remediation or containment in the arsenic area
(Figure 12).

8creening of Remedial Technologies

Based on previous investigation results, a number of remedial
technologies were evaluated for soils, including:

+ stabilization (arsenic- and organic-affected, saturated

[i.e., below ground water] and unsaturated [i.e., above
ground water] soils)

* containment (arsenic- and organic-affected, saturated and
unsaturated soils)

* so0il washing (unsaturated, arsenic- and organic-affected
soils)

* excavation and disposal (unsaturated, arsenic- and organic-
affected soils)

* thermal treatment (unsaturated, organic-affected soils)
* Dbiotreatment (unsaturated, organic-affected soils).

Results of the screening indicated the following technologies

should be used in developing remedial measures for soils at
the Site:

Arsenic-affected unsaturated soils (above ground water):

* stabilization

* excavation and off-site disposal

1563/Rem. MOK/RAS xi
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* containment.

Organic-~affected unsaturated soils (above ground water):
*+ biotreatment

* excavation, treatment and off-site disposal

+  containment. |

Saturated soils (bglow ground water)

« containment.

Similarly, numerous technologies were evaluated for ground
water, including:

. dissolved air flotation (DAF) (floating hydrocarbons)

. biotreatment (floating hydrocarbons and dissolved
organics)

. Klensorb absorption (floating hydrocarbons)

. ion exchange (arsenic)

. électrochemical co-precipitation (arsenic)

. evapbratiOn (arsenic)

. ultraviolet oxidation (dissolved organics)

* carbon adsorption {dissolved organics)

. .evaporation with vapor cohtrols (dissolved organic;).

Results of the screening indicated the following technologies
should be used in developing remedial measures for ground
water at the Site:

. biotreatment for VoCs and SVOCs

. electrochemical co-precipitation for arsenic.

1563/Rem. NOK/NAS xii



LEVINE-FRICKE

Development of Interim Remedial Measures and Cost Estimates

Five alternatives were developed for remediation of soil and
ground water at the Site. Development of the conceptual cost
estimates was based on engineering judgment, data available
from site investigations to date, conceptual soil cleanup
levels, ground-water discharge standards, and the results of
the treatability work conducted during this phase of work.
All alternatives favor reuse of treated ground water over
NPDES discharge options. The proposed interim remedial
measures are listed below:

Alternative 1: Hydraulic Containment with Full Source (Soils)
Excavation and Disposal

The conceptual site layout for Alternative 1 is presented in
Figure 13 and the conceptual treatment schematic for ground
water is shown in Fiqure 14. Figures 10, 11A, 11B, and 12
detail the area of soil that would be excavated and disposed
off site.

Alternative 1 provides hydraulic control using ground-water
extraction and treatment without engineered containment
measures. As a result, source area soil remediation using
excavation/disposal is assumed. This alternative (and
Alternative 2) has the highest estimated extraction flow rates
of all the alternatives and subsequently the highest annual
O&M costs. The estimated capital and 0O&M costs for
Alternative 1, are presented in Tables 16, 17, and 18. The
estimated capital cost for Alternative 1 is $18.6 million.
The estimated present worth for this alternative is $21.8
million.

Alternative 2: Hydraulic Containment with Full Source (Soils)
Treatment

The conceptual site layout for Alternative 2 is presented in
Figure 13 and the conceptual treatment schematic is shown in
Figure 14. Figures 10, 11A, 11B, and 12 detail the area of
soil that would be treated on site.

Alternative 2, as with Alternative 1, provides hydraulic
control using ground-water extraction and treatment without
engineered containment measures. Alternative 2 is similar to
Alternative 1, with the exception that source area soil
remediation by treatment is assumed instead of excavation and
disposal. This alternative (and Alternative 1) has the
highest estimated extraction flow rates of all the
alternatives and subsequently the highest annual O&M costs.
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The estimated capital and O&M costs for Alternative 2 are
presented in Tables 16, 17, and 19. The estimated capital
cost for Alternative 2 is $4.5 million. The estimated present
worth for this alternative is $7.7 million.

Alternative 3: Engineered Containment with Limited Source
(Soils) Treatment

Figure 15A presents the layout of the proposed engineered
containment system under this alternative. Figqures 11A and 12
detail the estimated areas required for soil remediation
assuming limited source reduction. The conceptual ground-
water treatment schematic shown in Figure 14 would apply to
this alternative.

Alternative 3 is based on engineered containment (cap and
slurry wall) with limited source treatment of soils. This
alternative has the lowest extraction rate (identical to
Alternatives 4 and 5) and subsequently the lowest annual O&M
costs. The estimated capital and 0&M costs for Alternative 3,
engineered containment of the arsenic-, VOC-, and
Svoc-affected area along with ground-water extraction and
treatment, are presented in Tables 20, 21, and 22. The
estimated capital cost for Alternative 3 is $4.5 million. The
estimated present worth for this alternative is $6.1 million.

Alternative 4: Engineered Containment with "Hot Spot" Arsenic
Source (So0il) Treatment

Figure 15A presents the layout of the proposed engineered
containment system under this alternative. Figure 12 details
the estimated areas required for soil remediation assuming

- "hot spot"™ arsenic source reduction. The conceptual treatment

schematic shown in Figure 14 would apply to this alternative.

Alternative 4 is based on engineered containment with "hot
spot" treatment of arsenic-affected soils. This alternative
has the lowest extraction rate (identical to Alternatives 3
and 5) and subsequently the lowest annual O&M costs.. The
estimated capital and O&M costs for Alternative 4, engineered
containment of the arsenic-, VOC-, and SvOC-affected area
along with ground-water extraction and treatment, are
presented in Tables 20, 21, and 23. The estimated capital
cost for Alternative 3 is $3.6 million. The estimated present
worth for this alternative is $5.2 million.
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Alternative 5: Engineered Containment

Figure 15A presents the layout of the proposed engineered
containment system under this alternative. The conceptual

treatment schematic shown in Figure 14 would apply to this
alternative.

Alternative 5 is based on engineered containment without
treatment of soils. This alternative has the lowest
extraction rate (identical to Alternatives 3 and 4) and
subsequently the lowest annual O&M costs. The estimated
capital and O&M costs for Alternative 5, engineered
containment of the arsenic-, VOC-, and SvVoC-affected area
along with ground-water extraction and treatment, are
presented in Tables 20 and 21. The estimated capital cost for
Alternative 5 is $2,.3 million. The estimated present worth
for this alternative is an estimated $3.9 million.

RECOMMENDED INTERIM REMEDIAL MEASURE

Based on the stated remedial goals,_cost effectiveness and
other stated criteria, Alternative 5, Engineered Containment,
is the recommended interim remedial measure. This alternative

includes containment of .the VOC-, SVOC-, and arsenic-affected
soil and ground water.

Alternative 5§ is recommended for the following reasons:
. saturated soils, which have probably sorbed substantial
amounts of arsenic and organic compounds, would be
contained and this source of degradation of site ground
water, regardless of the ground-water extraction and
treatment option selected, would be controlled

containment of chemical affected areas would mitigate
further off-site migration of ground water

containment provides control of the affected areas without
the need for soil treatment or disposal

use restrictions (deed restrictions) could be imposed on

the property in conjunction with containment to prevent
potential future exposures as a result of site activities
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. containment would reduce the amount of ground water
requiring extraction and subsequent treatment, which meets
both regulatory concerns regarding excessive pumping of

ground water and reduces overall operational costs for
implementation

. the alternative could be implemented relatively quickly in
comparison to other alternatives, allowing for
implementation of interim remedial measures sooner.

This alternative has the lowest estimated capital cost of
$2.3 million and annual O&M costs of $125,000 per year with a
20-year present worth 0&M value of $1.56 million. The total
estimated present worth cost for this alternative is $3.9
million. Final evaluation of this alternative should be made
during the design period to confirm and refine the cost

estimates and feasibility for the recommended interim remedial
measure.

SCHEDULE FPOR IMPLEMENTATION

The estimated schedule for implementation of recommended
Alternative 5 is presented in Figure 19. This schedule is
highly dependent on the time required to receive approval from
the regulatory agencies. We have assumed 4 months for
regulatory approval for purposes of this evaluation. As a
result, it is anticipated to take approximately 18 months
(from time of submittal of the recommended remedial plan to

the RWQCB) to complete implementation of the recommended
remedial alternative.
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December 20, 1991 . LF 1563.09

EVALUATION OF INTERIM REMEDIAL MEASURES AT THE
SBHERWIN-WILLIAMS FPACILITY
EMERYVILLE, CALIPORNIA

1.0 INTRODUCTION

This report presents an evaluation of potential technologies
and engineering measures for the interim remediation of soil
and ground water affected by the release of chemical compounds
at the Sherwin-Williams Plant in Emeryville, California ("the
Site"). It was prepared in accordance with site investigation

and treatability study work plans prepared by LevinesFricke
for Sherwin-Williams.

The report includes a review of the nature and extent of
chemical compounds found in soil and ground water

(Sections 1.1 through 1.5); a screening of potential
technologies and engineering measures for the interim
remediation of affected soil and ground water (Sections 2.0,
3.0, and 4.0); and development of recommended measures for an
interim remedial measure plan for the Site (Section 5.0).

The objectives for the interim remedial measures are to
minimize or eliminate potential human exposure to affected
soil and ground water, prevent or minimize off-site migration
of the affected ground water, and control source areas to
prevent or minimize further ground-water impacts on site.
Based on a review of the nature and extent of affected media,
a range of alternatives to-achieve these objectives was -
evaluated. Each alternative was evaluated for effectiveness,
implementability, and estimated cost. Other factors, such as
potential risks associated with an alternative, also were
considered. From this evaluation, a preferred alternative was
identified and an interim remedial measure plan developed.

1.1 8ite Background

The Sherwin-Williams Company owns and operates a coatings
manufacturing plant (known as the Oakland Plant) located at
the corner of Horton Street and Sherwin Avenue (1450 Sherwin
Avenue) in Emeryville, Alameda County, California (Figure 1).
The plant has been in operation since the early 1900s,

1563 /Rem, MOK/NAS 1



LEVINE-FRICKE

manufacturing various types of coating products and lead-
arsenate pesticides (until the late 1940s). In 1987, Sherwin-
Williams changed its manufacturing at the Site from 011—based
products to water-based products. The change in manufacturing
operations included the closure and dismantling of an oil tank
storage facility and the closure and dismantling of a solvent
tank storage facility.

Several phases of soil and ground-water investigation were
subsequently conducted from 1988 to 1991 to assess the nature
and extent of a range of veolatile organic compounds (VOCs),
semivolatile organic compounds (SVOCs), and certain inorganic
compounds (mostly arsenic and lead), which have been detected
at the Site as a result of the investigation of the closed
tank storage facilities. A summary llstlng of the
1nvest1gatlons conducted is presented in Table 1.

The first phase of 1nvest1gatlon included the drilling of 15
soil borings and the installation and sampling of 7 shallow
A-zone ground-water monitoring wells (LF-1 through LF=-7)
(LevinesFricke 1989). The second phase of investigation
included the drilling of 9 additional soil borings, and
installation and sampling of 5 additional A-zone monitoring
wells (LF-8 through LF-13) and three B-zone monitoring wells
(LF-Bl through LF-B3) (Levine.Fricke 1990a). As a result of
several additional phases of investigation, which included
drilling through the concrete foundation of a dismantled
building, a total of 86 soil borings, 16 A-zone monitoring
wells, and 4 B-zone monitoring wells have been installed at or
near the Site. The scil borings and monitoring wells have
been located to provide information regarding the lateral and
vertical extent of chemical compounds in soil and ground water
and to provide information regarding hydrogeologic conditions
at the Site.

The VOCs detected (using EPA Method 8240) in soil and/or
ground water have. included prlmarlly acetone, benzene,
ethylbenzene, toluene, xylene isomers, methyl ethyl ketone,
2-hexanone, and a range of tentatively identified straight
chain (C-5 to €=-13) hydrocarbon compounds. The SVOCs detected
(using EPA Method 8270) in soil and/or ground water have
included primarily naphthalene, 2-methyl naphthalene, 2-methyl
phenol, 4-methyl phenol, 2,4-dimethyl phenol, phthalates, and
a range of tentatively identified straight chain (C-7 to C-35)
hydrocarbon compounds. The range of concentrations of
detected organic compounds are presented in the following
sections.
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During the course of investigation of the closed tank storage
facilities, two additional areas of affected soil were
identified as a result of soil sampling conducted while
drilling monitoring wells. An area affected by residual
petroleum hydrocarbon compounds was identified in a paved
parking area in the vicinity of monitoring wells LF-10 and -
LF-B3. This area is located near the downgradient boundary of
the Site near the former solvent tank storage area (Figure 2).
An additional area affected by arsenic and lead was identified
under the remaining foundation of a dismantled building in the
vieinity of monitoring well LF-1. This area is located near
the upgradient boundary of the Site (Figure 2). The
dismantled building reportedly had been used for the
production of arsenic-based compounds in the early 1900s.

1.1.1 Ground-Water Monitoring Programs

During the 1990 through 1991 time period, a semiannual ground-
water monitoring program was implemented and the results of
monitoring have been reported to the Regional Water Quality
Control Board (RWQCB) (Levine.Fricke 1990c, 1991a, and 1991b).
The monitoring programs have provided information regarding
the types and concentrations of chemical compounds detected in
ground water in on-site and off-site areas. The analytical
results of the monitoring programs are summarized in Tables 2
(VOCs), 3 (SVOCs), 4 (total petroleum hydrocarbons [TPH]),

and 4 (inorganic compounds). The monitoring programs also
have provided information regarding the direction of ground-
water flow in the A and B zones.  Ground-water flow direction
in the A and B zones is generally toward the northwest, as
illustrated in Figures 3A and 3B.

1.1.2 8ite Geology and Hydrogeologic Characteristics

Information regarding the hydrogeologic characteristics of the
lithologic units that underlie the Site has been obtained as a
result of drilling and pump testing conducted during the first
and second phases of investigation (Levine.Fricke 1989, and
1990a). The results of drilling indicate that shallow "“A-
zone" ground water is generally encountered at a depth of 6 to
12 feet below grade. The results of drilling of the on-site
A-zone monitoring wells indicate A-zone ground water is
generally present in relatively thin {2 to 5 feet thick) beds
of sand and/or gravel interbedded with less permeable silty
clayey sediments. The water-yielding units of the A zone are
generally overlain by 5 to 6 feet of a confining to
semiconfining layer of silty clay and gravelly silty clay
sediments. The A zone is underlain by a silty clay interval
approximately 10 to 18 feet thick. This clay-rich interval
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has a low permeability, and the unit acts as an aquitard to
form a confining layer that separates the A zone from the

B zone. The B zone consists of a thick interval of well-
sorted, coarse-grained, sand and gravel units interbedded with
some silty clay sediments. B-zone ground water is generally

encountered at a depth of approximately 28 to 38 feet below
grade.

1.2 Nature and Extent of Chemicals in Ground Water

There are three general categories of chemicals in A-zone
ground water near the Site that may require remediation:
VOCs, SVOCs (including TPH), and arsenic. Historical ground-
water analytical data are summarized in Tables 2, 3, 4, and 5
for VOCs, SVOCs, TPH, and arsenic and other inorganic
compounds, respectively. More detailed information regarding
ground-water quality and existing site conditions is presented
in previous Levine-Fricke reports (Levine:Fricke 1989,
1990a,d, and 199%la,b). Analytical data indicate chemical
compounds detected in A-zone ground water do not appear to
have affected B-zone ground water, with the exception of
previous B-zone ground-water sampling data that had indicated
very low arsenic concentrations (ranging from 0.002 mg/L to
0.008 mg/L). However, the most recent B-zone sampling data
(June through August 1991) indicated nondetectable
concentrations of arsenic in the B zone.

1.2.1 Volatile Organic Compounds

The highest concentrations of VOCs generally have been
observed in ground-water samples collected from A~zone wells
located in the former solvent tank storage area (wells LF-5
and LF~6) (Table 2). The primary VOCs detected in shallow
ground water during the June through August 1991 round of
ground-water monitoring (Levine:Fricke 1991b) included acetone
(<0.010 mg/L to 9.900 mg/L), benzene (<0.005 mg/L to 0.061
mg/L), ethylbenzene (<0.005 mg/L to 7.5 ng/L), methyl ethyl
ketone (<0.020 mg/L to 8.200 mg/L), xXylenes (<0.005 mg/L to
44.0 mg/L}, and toluene (<0.005 mg/L to more than 200 mg/L).
The results from the June through August round of monitoring
indicated concentrations ranged from very low to below
detection limits for ground-water samples collected along the
downgradient boundary of the Site (wells LF~-8, LF-9, LF-10,
and LF-11) to more than 200 mg/L for ground-water samples

. collected in the solvent tank storage area {LF-5) and more

than 100 mg/L for ground-water samples collected from the
former oils tank storage area (LF-3). A contour map of total
quantified VOC concentrations in A-zone ground water is
presented in Figure 4A.
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It should be noted that the concentration of total VOCs in
A-zone ground water in the former solvent tank storage area
has decreased from a high of 920 mg/L (LF-5, June 1989) to an
estimated 200 mg/L (or more) (LF-5, June 1991). The
concentration of SVOCs also has decreased in the former
solvent tank storage area (Tables 2 and 3). The decreased
concentration of organic compounds in A-zone ground water in
the former solvent tank storage area is a result of the
excavation and removal of approximately 320 to 420 cubic yards
of affected soil in August 1990. The excavated soil was
disposed at a USPCI Class I landfill facility in Clyde, Utah.

Laboratory results for ground-water samples collected from the
four monitoring wells installed in the B zone indicate B-zone
ground-water quality is not affected with the same VOCs as
have affected the A zone (Table 2). The June through August
1991 monitoring results (Levine-+Fricke 1991b) indicate B-zone
ground water contains concentrations of 1,2-dichloroethane
(1,2-DCA) ranging from <0.005 mg/L to 0.180 mg/L. 1,2-DCA is
a chlorinated VOC that has generally not been detected in
A-zone ground-water samples collected at the Site. The
presence of 1,2-DCA in B-zone ground water may originate from
an upgradient, off-site source.

1.2.2 8Semivolatile Organic Compounds

The highest concentrations of SvVoCs generally have been
observed in A-zone ground water in the former oil tank storage
area (wells LF-2 and LF-3) (Table 3). During the June through
August 13991 round of ground-water monitoring (Levine:Fricke
1991b), naphthalene and 2= and 4-methylphenol were detected
near the former oil tank storage area (LF-3) at concentrations
of 0.110 mg/L, 0.210 mg/L, and 0.630 mg/L, respectively.
Monitoring well LF-2 was not sampled during the June through
August 1991 round of sampling as a result of an organic
compound found floating on top of the ground-water surface at
the time of sampling. Floating compounds previously had not
been observed in any monitoring wells at the Site. Other
SV0Cs that were detected at the Site in A-zone ground water
included phenol (LF-3 at 0.039 mg/L) and 2,4~-dimethylphenol
(LF-3 at 0.050 mg/L). SVOCs were not detected in A-zone wells
located downgradient from the Site (LF-14, LF-15, and LF-16).
A contour map of total quantified SVOC concentrations for the
June through August 1991 sampling round is presented as
Figure 4B.

The June through August sampling results for B-zone ground
water (Levine«Fricke 1991b) indicate the B zone does not .
contain measurable concentrations of quantifiable SVOCs, with

1563 /Rem. MOK/NAS 5



production of many plastic materials.

LEVINE-FRICKE

the exception of ground-water samples collected from wells
LF-B2 and LF-B4, which contained low concentrations of
bis(2-ethylhexyl)phthalate (0.018 and 0.060 mg/L,
respectively} (Table 3). Bis(2-ethylhexyl)phthalate is a
common plastizing agent generally associated with the

1.2.3 Total Petroleum Hydrocarbon (TPH) and Tentatively
Identified Compounds

The first and second phases of ground-water investigation at

the Site indicated a wide range of tentatively identified

compounds (TICs) that were reported with semiquantified

estimates of concentration {lLevine.Fricke 1989 and 1990a).

Many of these TICs were identified as volatile straight-chain
hydrocarbon compounds in the €-5 to C-13, range using EPA

Method 8240, and as semivolatile hydrocarbon compounds in the
C-8 to C-35 range, using EPA Method 8270. These compounds are
probably derived from the use of mineral spirits, paint
naphtha, and other oils used in the commercial manufacture of
oil-based coatings. Additional TICs that have been detected
include alcohols, esters, ketones, and organic acids. TIC
results have not been included in the summary figures of this
report because of the lack of laboratory standards for the
reported TICs and because the semiquantified estimates of TIC
concentrations typically can vary by several orders of
magnitude.

During the July 1990 sampling round (see Levine.Fricke 1990c),
ground-water samples were analyzed using EPA Method 8015.
These TPH results are summarized in Table 4. EPA Method 8015
was used to provide a quantified measure of the sum
concentration of the straight-chain hydrocarbon compounds
being detected and reported as TICs using EPA Methods 8240 and
8276. A contour map showing the results of the EPA Method
8015 analyses from the July 1990 sampling round is attached as
Figure 4C. The results show that TPH compounds are
concentrated in A-zone ground water in the vicinity of the
dismantled tank storage areas. The TPH results for the
solvent tank storage area included 1,500 mg/L for LF-6, 520
mg/L for LF-5, and 110 mg/L for LF-4. The TPH results for the
former oil tank storage area included 630 mg/L for LF-2 and
440 mg/L for LF-3. No TPH compounds were detected, with a
method detection limit of 1 mg/L, in downgradient monitoring
wells LF-8, LF-9, LF-10, LF-11, LF-14, LF-15, and LF-~16
{(Figure 4C). TPH was detected at a concentration of 7.6 mg/L

-and 5.0 mg/L in upgradient monitoring wells LF-1 and LF-13,

respectively. No TPH was detected for B-zone monitoring wells

‘-LF=-B1 through LF-B4.
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1.2.4 Arsenic

The highest concentrations of arsenic detected in A-zone
ground water in the June through August 1991 sampling round
(Levine+Fricke 1991b) was reported in wells LF-~1 (58 mg/L) and
LF-3 (60.4 mg/L). A grab sample of A-zone ground water
collected from a treatability study soil boring (TS-2)
reported an arsenic concentration of 320 ng/L (Figure 5).
A-zone well LF-2 was not sampled in June 1991; previous
sampling results in July 1990 reported a concentration of
110.0 mg/L arsenic. In the June through August 1991 sampling
round, off-site, downgradient monitoring samples from wells
LF-14, LF-15, and LF-16 reported arsenic in concentrations of
0.095, <0.010, and 0.010 mg/L, respectively. A contour map of
A-zone ground-water arsenic concentrations reported for the
June through August 1991 monitoring program (LevinesFricke
1991b) is shown in Figure 5.

The June through August 1991 sampling results for B-zone
monitoring wells LF-Bl, LF-B2, LF-B3, and LF-B4 indicated
nondetectable concentrations of arsenic in B-zone ground water
at a method detection limit of <0.010 mg/L. B-zone ground
water previously had indicated very low concentrations of
arsenic, ranging from 0.002 mg/L to 0.008 mng/L (Table 5).

1.3 Nature an ent of Chemic n Soil

Investigations of chemical compounds in soil have been
conducted in four areas of the Site. The four areas are the
former oil tank storage area, the former solvent tank storage
area, a paved parking area that is near the former solvent
tank storage area, and an arsenic source area (Figure 2). The
following sections provide a summary of the soil borings
drilled in each of these areas and the results of laboratory

analyses. Volume estimates of affected soils are presented in
Section 1.5.

1.3.1 Formaer Oils Tank S8torage Area

A total of 15 soil borings have been drilled in the former oil
tank storage area. The results of soil sample analyses for
this area are summarized in Tables 6 (VoCs), 7 (SVOCs), and 8
(inorganic elements). Soil boring locations are shown in
Figure 6. Six soil borings had been drilled near the former
oil tank storage area before initiation of the second phase of
work. -As part of subsequent work, an additional nine soil
borings were drilled southeast of the former oil tank storage
area to assess the extent of VOCs, SVOCs, and Texanol (an
ester-alcohol-based semivolatile solvent). Approximately
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2,500 gallons of Texanol reportedly was spilled in the area
southeast of the former oil tank storage area on March 25,
1990. Five of these soil borings, drilled to a depth of 6
feet, were drilled in the area affected by the Texanol spill.
The analytical results for the soil samples collected from the
oil tank storage and Texanol spill area indicated the presence
of some aromatic VOCs and some short-chain and longer-chain
aliphatics in the range of volatile to semivolatile compounds.
The results of the sampling were used to assess the lateral
and vertical extent of affected soil that may require
remediation in the unsaturated zone. SVOCs (and TPH) appear
to be the primary compounds detected in soil samples from this
area. The area potentially requiring remediation is discussed
in Section 1.5.

1.3.2 Former Solvent Tank Btorage Area

A total of 20 soil borings have been drilled in the general
vicinity of the former solvent tank storage area. The
analytical results for soil samples showed a range of
different types of VOCs and some SVOCs. The results also
showed concentrations of lead and zinc that were above
background. concentrations. The results of soil sample
analyses for this area are summarized in Tables 9 (VOCs), 10
(SVOCs), and 11 (inorganic compounds). Boring locations are
illustrated in Figure 7A. The results generally indicated

.concentrations of detected chemical compounds decreased with

increasing distance from the former storage tank boundaries.
The data from these soil borings were used to assess the
extent of affected soil in the unsaturated zone that may
require remediation. '

Some interim remedial measures for soil were conducted in
August 1990, which included excavating and disposing of
lead-affected s0il in a Class I landfill. These remedial
measures were implemented on an expedited schedule to remove .
"hot spot" soils for off-site disposal to meet the August 8,
1991 schedule based on the Land Disposal Restrictions. ‘
Approximately 450 cubic yards of soil were removed and
transported to USPCI’s facility in Clyde, Utah. Abandonment
of one A-zone well (LF-6), by sealing with cement was
necessary because of soil excavation activities. In the
process of implementing these interim soil disposal measures,
Sherwin-Williams expended approximately $270,000 for
engineering, hauling, disposal, and taxes. Figure 7B shows
the area where soil was removed and the results of pre-
eXcavation and post-excavation sampling for lead. The soils
remaining that may require remediation are discussed in
Section 1.5.
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1.3.3 Paved Parking Lot Area

An investigation was conducted in the area within a paved
parking area located along the western boundary of the
Sherwin-Williams plant, just west of the former solvent tank
storage area. This area was investigated because a brown,
oily, tar-like compound (characterized by thin layer
chromatography as a heavy petroleum-based compound) was
encountered during drilling for installation of ground-water -
monitoring wells LF-10 and LF-B3. A total of 11 soil borings
were drilled in the vicinity of these monitoring wells to
investigate the extent of this petroleum-based substance
(Figure 8). Soil borings were drilled to the depth of ground
water (approximately 8 to 10 feet below grade) and soil
samples were collected at approximately 2-foot intervals. The
results of TPH sample analyses are summarized in Table 12.

1.3.4 Arsenic Source Area

A total of 39 soil borings for site characterization and three
soil borings for treatability studies have been drilled in the
arsenic source area. Results of soil samples from these

borings were used to assess the lateral and vertical extent of

-arsenic-affected soils. The results of soil sample analyses

for this area are summarized in Table 13 and Figure 10.

Samples from the soil borings were generally collected at
2-foot intervals to a depth of approximately 6 to 10 feet
below grade. The samples were primarily analyzed for arsenic
and lead compounds; analytical results indicated additicnal
compounds were present, including barium, cadmium, copper, and
zinc. The volume of arsenic-affected soil that may be
targeted for interim remediation is presented in Section 1.5.

1.4 Objectives for Interim Remedial Measures

The objectives for the interim remedial measures are to

minimize or eliminate potential human exposure to affected
soil and ground water, prevent or minimize off-site migration
of the affected ground water, and control source areas to
prevent or minimize further ground-water impacts on site.

The remedial goals for scoil and ground water may vary,
depending on whether active remediation is implemented (e.qg.,
treatment of soils or ground water) or if containment of
affected soils and ground water is implemented. More
stringent cleanup standards would be necessary in the event
containment is not implemented because the risk of human
exposure is much greater. Alternatively, containment would
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reduce the extent of active remediation required, allowing
soils containing higher concentrations of compounds to be left

in place while minimizing or eliminating potential human
exposure to them.

A no action alternative was evaluated for the Site; however,
because this alternative would not address the goals and
objectives for remediation, the no action option was not
evaluated further as one of the interim remedial alternatives.

The conceptual remedial goals for soils presented herein are
target concentrations that were used to identify areas of
soils requiring remediation or containment. These conceptual
goals provided a basis for estimating the volume of soil that
may be remediated or contained as an interim remedial measure
and for estimating the associated remedial costs. The actual
long-term remedial goals for the Site may differ from these
conceptual interim remedial measure goals.

The conceptual interim remedial goals for ground water
presented herein are target concentrations identified
primarily to define the extent of necessary ground-water
remediation or containment. '

Soils and ground water containing concentrations of
constituents above the conceptual remedial goals may be
addressed using interim remedial measures. The affected soils
and ground water targeted for remediation could be addressed
by several options: containment, treatment, and/or removal
for off-site disposal.

1.4.1 Containment Options for 8o0il and Ground Water

Containment measures could be used to address ground water and
soil targeted for interim remediation; for example, affected
soils could be capped in place to minimize potential impacts
to ground water and to minimize potential human exposure to
soils. Containment measures to address soils and ground water
could be accomplished in combination with both active (i.e.,
extraction and treatment) and passive (i.e., slurry wall and
capping) measures. An analysis of potential remedial options,
including containment options, is presented in Section 3.0.
The containment options include containment of soils with
limited source treatment, containment of soils with "hot spot"

arsenic source treatment, and containment of soils without any
sScurce treatment.
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If containment options are selected as the remedial measures,
soil and ground water with concentrations of chemicals in
excess of conceptual remedial goals (described below for
noncontainment options) might be left on site. The
concentrations of chemicals allowed to remain in the contained
soils may vary depending on regulatory requirements, Sherwin-
Williams site needs, and cost effectiveness of the remedial
option. As a result, various conceptual remedial goals using
containment options are evaluated to assess the varying cost
impacts. In any case, it is expected that use restrictions
(i.e., deed restrictions) would be imposed on the property if
containment of affected soils in place is chosen. Under these
use restrictions, containment could be acceptable as long as
the Site is used for industrial purposes. In the event that
Site use requirements changed significantly, other remedial
measures (treatment or removal) would be required before
changes in site use could occur.

1.4.2 Noncontainment Options

The noncontainment options would include extraction and
treatment of ground water. Because capping is not an element
of these options, two alternatives for soils remediation would
be included: (1) excavation and disposal of affected soils,
and (2) treatment of affected soils that remain on site.

1.4.2.1 Conceptual So0il Remedial Goals, The chemical

compounds found in soil at the Site and their proposed

- remedial goals are listed in Table 14. The discussion that

follows provides the basis for the conceptual soil remedial
goals for the noncontainment alternatives. -

Arsenic and Lead. The remedial objective for arsenic- and
lead-affected soils is to inhibit the leaching of these
inorganic elements into ground water and to minimize the risks
of potential exposure to impacted surface soils. The shallow
depth of ground water, .less than 10 feet, increases the
potential risk of migration of these elements into ground
water,

The conceptual remedial goals for the two inorganic elements
differ because arsenic is more mobile than lead at the pH
conditions of site soils, sediments, and ground water. The
high concentrations of arsenic and nondetectable
concentrations of lead in ground water at the Site support
this supposition.
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A soil remediation goal for arsenic at a Federal Superfund
site (Selma Pressure-Treating, Selma, California) was recently
established at 50 mg/kg. This concentration of arsenic is
near the median value for naturally occurring arsenic
concentrations for soils in the Western United States, which
have been reported to range from less than 0.1 mg/kqg to

97 mg/kg (Shacklette and Boerngen 1984). As a result, a
conceptual remedial goal of 50 mg/kg for arsenic in soil would

be expected to meet the overall remedial objectives for the
noncontainment options.

A review of lead concentrations in on-site soils and ground

“water showed that lead was detected at concentrations above

500 mg/kg in soil in a few locations but was not detected in
ground water. A larger number of case histories exists for
lead remediation of soil than exists for arsenic. Where lead
migration is not a problem and where potential human contact
with soil can be minimized, common remedial goals for lead in
soil have been set at 500 mg/kg and 1,000 mg/kg. Lead-
affected soils likely have been present on site in excess of
50 years, and soils with lead concentrations at the Site
greater than 500 mg/kg have not resulted in significant
migration of lead to ground water (Table 5). Therefore, a
soil remedial goal of 500 mg/kg for lead would minimize the

potential for lead migration and reduce potential exposure to
lead-affected soils.

Volatile Organic Chemicals. The predominant VOCs detected in
soils at the Site are the monocyclic aromatics -- toluene,
xylenes, and ethylbenzene. 2ll of these compounds are
relatively mobile, potentially moving from soil to ground
water. However, none of these chemicals are listed
carcinogens and each is subject to a significant degree of

- natural degradation. Toluene is relatively mobile and has the

lowest drinking water standard concentration of the three
aromatics; therefore, it was evaluated more closely for its
potential impact to underlying ground water.

A simple transport analysis was conducted using EPA’s Seasonal
Soil Compartmental Model (SESOIL) (Bonazountas and Wagner
1984) to evaluate potential movement of toluene from the
shallow silts and clays found at the Site. Toluene leachate
concentrations over a 20-year period were modeled assuming

10 mg/kg toluene in soils in the source area and disregarding
the effects of biodegradation. Allowing for mixing of the
leachate in the approximately 3-meter thick A zone (Yeh 1981), .
modeling results showed a maximum ground-water concentration
of 0.025 mg/L.” The current EPA maximum contaminant level for
toluene in drinking water is 1 mg/L; the drinking water
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standards for ethylbenzene and xylene isomers are more than
five times greater than that for toluene. Therefore, a
conceptual remedial goal of 10 mg/kg for each VOC in soil is
anticipated to be reascnable and defensible.

Semivolatile Organic Chemicals. A review of SVOC data
revealed a large number of detections of relatively long-chain
aliphatic hydrocarbons, ranging from C; to Cy. Establishing a
conceptual remedial goal for these compounds in soil is
difficult because of the lack of similar remediation histories
at other sites and the diversity of physico-chemical
properties for this range of hydrocarbons. The materials
could exhibit transport characteristics similar to mineral
spirits, diesel fuel, or light oils given the range of the
lengths of the carbon chains. In reviewing the State Water
Resources Control Board Leaking Underground Fuel Tank (LUFT)
Methodology for establishing soil cleanup levels, two possible
conceptual goals of 100 mg/kg or 1,000 ng/kg of hydrocarbons
in soils were presented on Table 2-1 of the Revised Luft Field
Manual (April 1989). In lieu of -extensive evaluation of the
fate and transport of hydrocarbons at the Site, it is proposed
that 100 mg/kg be used as the interim remedial goal for
hydrocarbons in soil.

A review of priority pollutant SVOC data did not identify
particularly high concentrations of these compounds. The

highest concentrations noted were 10.2 mg/kg of bis~(2-ethyl

hexyl)phthalate and 4.3 mg/kg of naphthalene. A transport
analysis was conducted on naphthalene in shallow soils at this
concentration. It was found that naphthalene does not migrate
appreciably at these concentrations in the silty soil
conditions present at the Site. The soils containing Svocs
are largely coincident with those containing long-chain
aliphatic hydrocarbons or VOCs. Remediation of Voc- and
hydrocarbon-affected soil (e.g., bioremediation) is expected
to reduce concentrations of priority pollutant SVOCs. As a
result, cleanup goals for specific SVOCs are not considered
necessary for the Site because the SVOC concentrations in soil
and ground water are relatively low and the remediation of
VOCs likely would address SVOC remediation issues.

1.4.2.2 gogcegtual Ground-Water Remedial Goals. Water

quality at the Site is affected by arsenic, VOCs, and, to a
much smaller degree, SVOCs. In most areas, organic and
inorganic compounds are commingled. A list of priority
pollutants found in ground water, along with corresponding
Federal or State standards for these compounds is shown in
Table 15. The ground water at the Site would be considered a
beneficial use as a potential drinking water source because
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the total dissolved solids (TDS) levels are in the range of
460 mg/L to 870 mg/L, below the 3,000 mg/L State standard.

Therefore, drinking water standards are conceptual remedial
goals for ground water.

Restoration of on-site ground water to drinking water
standards may be desirable, but it may not be technically
feasible. Potential interim remedial measures focus on
hydraulic capture of ground water containing constituents in
excess of drinking water standards.

The remedial alternatives to achieve these potential remedial
goals are screened in Section 2.2 and developed in
Section 3.0.

1.4.3 Ground-Water Treatment Options

Extraction and treatment of targeted ground water are an
element of all the remedial options. Treatment goals are
dependent on the discharge option.

Three options for. the discharge of treated ground water have
been identified: treatment and reuse of the water on site;
treatment and discharge to the sanitary sewer; and treatment
and discharge to Temescal Creek under National Pollutant

Discharge Elimination System (NPDES) permit. These options
are discussed below.

Treatment and Reuse of the Water On 8ite. Extracted water

could be treated and reused in an on-site industrial process.
Based on preliminary discussions with Sherwin-Williams staff,
it appears the major use of water on site is for domestic
water use, formulation of paint products, and boiler feed-
water. Sherwin-Williams likely could develop industrial
process water needs on site, and therefore, treated greound
water could be reused and discharged to the East Bay Municipal
Utility District (EBMUD) in combination.with the existing site
wastewater discharges. In this case, the discharge limits
would be subject to EBMUD’s requlations for industrial
wastewaters, which are covered by Ordinance Number 311. The
discharge limit for arsenic (likely to be a key chemical with
respect to discharge) under Ordinance 311 currently is

2.0 mg/L.

Treatment and Discharge to the Sanjitary Sawer. Extracted

ground water also could be treated and discharged directly to
the sanitary sewer. EBMUD also would regulate this discharge
by limiting the concentrations of BTEX and lead, as
established in their Groundwater Discharge Guidelines (GDG).
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These guidelines allow a maximum discharge of 25,000 gallons

of ground water per day, and require initial daily monitoring
until the reliability of the treatment unit has been
established.

Ireatment and Discharge Under NPDEB Permit. Extracted ground

water also could be treated and discharged to Temescal Creek
under an NPDES permit. The Regional Water Quality Control
Board (RWQCB) likely will require Sherwin-Williams to evaluate
the feasibility and cost effectiveness of reuse and/or direct
discharge after treatment to the sanitary sewer as a preferred
option to NPDES discharge. If NPDES discharge is determined
to be the preferred option, the treated discharge would be
regulated by the RWQCB under established NPDES permit
limitations and in accordance with the San Francisco Bay Basin
Region 2 Water Quality Control Plan. The discharge standards
for many of the organic compounds present at the Site would be
determined by the RWQCB staff because standards do not exist
for many of the specific compounds. For the predominant
monocyclic aromatics (toluene, xylenes, and ethylbenzene), the
individual compound NPDES discharge limits likely would be
0.005 mg/L. For the less toxic long-chain aliphatic
hydrocarbons, the individual compound discharge limits likely
would be 0.050 mg/L. In any case involving this method of
discharge, limits for total organics likely would be

0.100 mg/L for all SVOCs and VOCs combined. In addition, the
NPDES discharge limits would be 0.020 mg/L for arsenic and
0.0056 mg/L for lead. To the extent feasible, the previous
two options (water reuse and/or sanitary sewer discharge) will
be favored over NPDES discharge options.

1.5 eas and Volumeas o fected 8ol Based on Remedial

Measure Goals

The approximate areas and volumes of affected soil for the
identified source areas (i.e., the former oil tank storage
area, the former solvent tank storage area and back parking
area combined, and the arsenic source area) have been ocutlined
based upon the conceptual remedial goals discussed in the
preceding sections and based on the remedial alternatives
developed under Section 3.0. The engineered containment
options discussed under Section 3.0 (Alternatives 3, 4, and 5)
also include suboptions for varying degrees of soil treatment,
which is -also presented in that section of the report. The
areas targeted for potential interim remedial measures are
illustrated in Figures 10, 11A, 11B, and 12.
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Former 0jl Tank Storage Area., For the former oils storage
tank area, the limits of affected soil are fairly well defined
based upon a remedial goal of 100 mng/kg of hydrocarbon (5VOC
and TPH) compounds in soil for noncontainment options. VocCs
are found in the area within the area of hydrocarbon-affected
soil such that remediating to the remedial goal of 10 mg/kg
for VOCs should be coincident with remediation of SVOCs and
TPH. The approximate area of hydrocarbon-affected soil is
shown in Figure 10 with the results of EPA Method 8240
analysis and SVOCs results. Some uncertainty remains for the
area northwest of the former storage tank area. This is an
area where drilling is complicated by several layers of thick
concrete. Identification of the limits of affected soil
should be conducted during the design or implementation phase
of soil remediation in this area. Soil near railroad tracks
or buildings would be difficult to access. A discussion of
access difficulties is included for the development of
alternatives in Section 3.1. Using Figure 10 and the :
conceptual remedial goals of 100 mg/kg for SVOC/TPH compounds
and 10 mg/kg for each VOC for noncontainment options, the
approximate in-place volume of affected soil for the former

0il tank storage and Texanol spill area would be approximately
2,200 cubic yards.

Former Solvent Tank storage Area and Paved Parking Area. For
the former sclvent tank area and paved parking areas combined,
the limits of affected soil are well defined around the former
storage tank area, but are less well defined in the paved
parking area located farther west. The approximate areas of
affected soil are shown in Figures 11A and 11B with VOC
results using EPA Method 8240 and TPH using modified EPA
Method 8015. The area shown on these figures includes the
central area of the former solvent tank storage area where
lead-affected soil previously had been excavated and disposed.

The area targeted for interim remedial measures has been
assessed based on hydrocarbons (SVOC/TPH) concentrations in
soil above the goal of 100 mg/kg and of VOCs concentrations in
soil above the goal of 10 mg/kg for noncontainment options.
Conceptually, soils under railroad tracks would be left in
place. This is discussed further in Section 3.1.

The outlined oil-affected area within the paved parking area
is approximated based upon existing soil-boring data. The
approximate in~place volume of affected soil for the combined
areas is approximately 10,100 cubic yards, based upeon the
conceptual remedial goals shown in Table 14 and the areas
shown in Figures 11A and 11B.
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Arsenic Area. For the arsenic-affected area, the limits of
affected soil in on-site areas have been identified based on
the results of over 40 soil borings. Figure 12 shows an
approximate area known to be affected with concentrations of
arsenic above 50 mg/kg, the remedial objective for arsenic for
noncontainment options. The extent of lead-affected soil in
this area appears to be limited to the area also affected with
arsenic. To develop remedial plans and relative costs,
volumes of affected soil have been estimated based on the
analytical results illustrated in Figure 12. Based on these
data and the conceptual remedial goal for arsenic, the volume

of soil targeted for remediation has been estimated to be
13,100 cubic yards.
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2.0 SCREENING OF TECHNOLOGIES

Previous site investigations indicate soil and ground water
have been affected by organic and inorganic compounds. This
section provides a screening of remediation technologies for
soil and ground water (Sections 2.1 and 2.2, respectively).-
The technologies are screened based on demonstrated efficacy
in pilot-scale or field applications, implementability and

effectiveness, general cost effectiveness, and potential
regulatory acceptance.

2.1 Technologies Considered for Boil

Site investigations have revealed that the unsaturated soils
{(i.e., soils above ground water) at the Site are affected by
both organic compounds (primarily petroleum-based
hydrocarbons) and inorganic chemicals (most notably arsenic).
For the unsaturated soils, the physical isolation of organic-
affected soils from arsenic-affected soils present at the Site
allows the possibility that each-area may be treated
separately by a variety of treatment options. These options
are presented in the following sections. '

For the saturated shallow zone soils where the mix of organic
chemicals and arsenic in the ground water will have
partitioned to varying degrees onto soil surfaces, the

separation of organic- and arsenic-affected soils is not
possible. : '

The following interim soil remedial measures were screened:

- stabilization (arsenic- and organic-affected, saturated

[i.e., below ground water] and unsaturated [i.e., above
ground water)] soils) c . '

. dontainment (arsenic- and organic-affected, saturated and

unsaturated soils)

* soil washing (unsaturated, arsenic- and organic-affected
soils)-

* excavation and disposal (unsaturated, arsenic~ and organic-
.affected soils)

* thermal treatment (unsaturated, organic-affected soils)

* Dbiotreatment (unsaturated, organic-affected soils).
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2.1.1 B8tabiliszation

Stabilization technologies bind inorganic and/or organic
chemicals into immobile forms using a variety of cement-,
silicate-, asphalt- or organic polymer-based substances. Some
of these agents and their mixtures are proprietary compounds.
Effectively stabilized soils may resist leaching for several
reasons, including low permeability resulting from the
formation of solid, cement-like monoliths, and/or the strong
sorption or encapsulation of chemicals to, or within, the
stabilized soil matrix. The second mechanism allows the
stabilized soil to remain in a workable condition rather than
to be transformed into a monolithic block.

Soil biotreatment is considered more cost effective for the
treatment of organic-affected soils in comparison to
stabilization. As a result, stabilization of organic-affected
soils was not considered further.

Treatability studies were conducted to evaluate the potential
for stabilizing the arsenic-affected soils. A total of eight
formulations were tested in more than 20 different mixtures.
Five of these formulations were proprietary compounds.
Details of the treatability studies are presented in
Appendix A. In summary, no formulation stabilized arsenic and
lead in site soils to the requlatory leaching concentration
(5 mg/kg for arsenic and lead) as produced by the California
Waste Extraction Test (WET). However, based on the Federal
Toxicity Characteristic Leaching Procedure (TCLP) and a water
extraction test, one formulation from Chemfix Technologies,
Inc. was able to lower extractable arsenic and lead
concentrations to levels below 5 mg/kg.

Stabilization of soils can be performed in situ or ex-situ.
However, these treatability studies were conducted in a manner
consistent with ex-situ technologies. Although it is likely
formulations found to be effective in the treatability studies
should stabilize these scils using in situ mixing operations,
uncertainties will persist until some level of pilot-scale
testing is performed.

Application of stabilization technologies to the soils below
ground water would be a far less effective remediation
alternative because (1) in situ stabilization of arsenic- and

- organic-affected soils in saturated soils has not been proven

successful and (2) excavation and treatment of the soils would

produce dewatering problems requiring additional treatment and
disposal.
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As a results, stabilization of arsenic-affected, unsaturated
soils is retained for further evaluation.

2.1.2 Containment

The containment option includes capping the affected areas,
construction of new surface drainage structures, and
installation of either a passive or active hydraulic barrier
to control ground-water movement and/or reduce the amount of
ground-water extraction required. Horizontal barriers {e.g.,
asphaltic, Portland cement concrete cap, or flexible membrane
liner [FML]) would control direct infiltration, significantly
reducing the potential for vertical migration of chemicals
into the ground-water column, while providing a direct barrier
to wind or water erosion, and human exposure. |

An impermeable barrier placed around the perimeter of the
arsenic- and organic-affected soils to depths below affected
ground water should mitigate the movement of these chemicals
off site. This impermeable barrier could be constructed with
a variety of materials and mixtures, including bentonite,
soil-bentonite, and bentonite-soil-cement.

Containment is considered a viable option for interim site
remediation, and therefore, this technology is retained for
further consideration. '

2.1.3 8o0il washing

Soil Qashing is a process that employs an aqueous solution of
extracting chemicals to remove a contaminant from the soil

. matrix. The washing fluid may be composed of organic

solvents, surfactants, chelating agents, acids, or bases,
depending on the chemicals of concern to be removed. -
Treatment technoleogies that are applicable to arsenic-affecte
soils would inveolve extraction with bases and/or chelating
agents, while organic solvents and/or surfactants would be
employed for organic-affected soils. The effectiveness of
this technology for removing arsenic from soils is not well
established for full-scale field applications. Furthermore,
soil washing would produce substantial amounts of arsenic in
the aqueous phase that would require treatment and disposal.

One chemical extraction process that has demonstrated . .
potential in field applications for organic-affected soils is

‘the BEST process, which uses a secondary or tertiary amine

solvent to extract organics from soils. The solvent is
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recovered by a distillation process and, while some of the
extracted organics are volatilized, the remaining organics
would require further treatment and disposal.

Soil washing was not retained for the saturated soils because
extracting arsenic and organics simultaneously has not been
demonstrated to be effective, it is not cost effective, and
excavation and treatment of soils using this technology would

produce dewatering problems requiring additional treatment and
disposal.

2.1.4 Excavation and Disposal at an off-Site, Permitted
Disposal Pacility

The soil excavation and disposal option would consist of
excavating chemical-affected soils from selected areas and
disposing of them at an off-site disposal facility (TSDF).
The removal of chemical-affected soils from the Site would
eliminate or reduce the potential for those chemicals to move
intoc ground water or into the atmosphere at the Site.

Soils from the oil tank storage area, the arsenic area, and
the solvent tank storage area (Figures 10 through 12) were
profiled for permitted disposal. Three disposal facilities
(USPCI, U.S. Ecology, and Chemical Waste Management) were
considered for disposal of the affected soils. Each facility
was contacted to discuss their acceptance of the affected
soils. The framework for regulating off-site disposal of
these soils, aleng with the response from the disposal
facilities, is presented below.

Arsenic Area 8ojls. According to Federal EPA regulations in
Title 40 of the Code of Federal Regulations (CFR) 261.24, most
of the arsenic-affected soil would be classified as Resocurce
Conservation and Recovery Act (RCRA) D004 waste. These wastes
were addressed in the Third Third of the Land Disposal
Restriction (LDR) program. EPA has granted a national
capacity variance (which expires May 1, 1992) for soil and
debris contaminated with Third Third wastes for which the
treatment standard was based on incineration, mercury
retorting, vitrification, or wet-air oxidation. The treatment
standard for D004 wastes was based on vitrification.

One sample location in the northeastern corner of the arsenic
area contzins high concentrations of lead and arsenic. Lead
is a waste whose treatment standard under the LDR program is
based on an available treatment technology, while arsenic is a

waste whose treatment standard is based on a technology with
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insufficient natiocnal capacity. In the June 1990 Final Rule
for the Third Third group of wastes in the LDR program, EPA

noted that such "soil and debris would remain eligible for the
national capacity variance."

For the arsenic area soils, profiling was pursued with U.S.
Ecology and USPCI. Representatives of these two facilities
indicated they would accept the soil containing both lead and
arsenic without treatment, and they would accept the soil
containing only arsenic. A written acceptance for this waste
was received from U.S. Ecology in November 1990. USPCI has
verbally reversed their earlier decision not to accept the
portion of the soil containing both lead and arsenic without
treatment.

The option of disposal at an off-site facility is viable
(although cost prohibitive) for the soils from the arsenic
area, including the soils from the area containing both lead
and arsenic, assuming disposal is implemented before May 1992
when the variance for land disposal of these wastes expires.
As a result, excavation and disposal of arsenic-affected soils
was retained for further consideration.

0ils and Solvent Tank 8torage ea 80ils. For certain organic
wastes addressed in the LDR program, the best demonstrated
available technology (BDAT) chosen by the EPA is incineration.
Because of a shortage of incinerators, the EPA granted a
national capacity extension until June 8, 1991, for soil and
debris contaminated with compounds addressed under the Thirgd
Third portion of the LDR program that have a BDAT of
incineration. Because the national capacity extension has
expired, it is no longer possible to excavate and dispose of
the soils from the solvent and oil tank storage areas without
treatment. Treatment could be achieved either on site or off
site, depending on the remedial options chosen. As a result,
excavation, treatment (on-site or off-gite), and off-sgite

disposal (although cost prohibitive) were retained for further
consideration.

Saturated Bojils. Soils in the saturated zone {(below the

‘'ground-water table) have not been extensively analyzed, but it

is likely they contain essentially the same constituents as
the ground water with which they are in contact. Excavation
of those soils would require dewatering, and subsequent
treatment and disposal of the resulting water. Therefore,
excavation and disposal of the saturated soils was screened
out because of the significant logistical problems associated

with dewatering, multiple treatment of the water, and
disposal.

15483 /Rem, MOK /NAS 22



LEVINE-FRICKE

2.1.5 Thermal Treatment

Thermal treatment of soils involves heating the affected soils
to a temperature range suitable to destroy and/or volatilize
organic compounds in the soil. Arsenic is not removed from
soils by this treatment process. Therefore, this technology
is best suited for the organic-affected unsaturated soils.
Several mobile systems for treating organic-affected soils
with low temperatures _(300'"1:0 800°Fahrenheit) - have been
developed (including X TRAX system, Weston Services, Recovery
Specialists) that employ a rotary kiln dryer or heated-screw
conveyor and an off-gas handling unit. Soils with high
amounts of carbon (both natural and synthetic) and water can
depress the effectiveness or increase the energy use and cost
of this treatment technology. The uncertainty of this
technology and the resultant treatment of the off gas makes

this option relatively unreliable, and therefore, this option
was not considered further.

2.1.6 Boil Biotreatment

Soils affected with hydrocarbons are known to be amenable, to
varying degrees, to biotreatment. Therefore, site soils from
the former oil tank storage and former solvent tank storage
areas that are affected with hydrocarbons, and which contain
less than 500 mg/kg lead and less than 50 mg/kg arsenic, were
evaluated for their suitability for bioremediation.

The potential for biotreating hydrocarbon-affected soils in
the former tank storage areas was investigated in the
LevinesFricke laboratory. Testing revealed that under
appropriate soil conditions (e.g., moisture, oxygen, and

The time required to treat the soils in the laboratory to
below 10 mg/kg TPH ranged from 3% weeks to 5 weeks. The
treatability study demonstrated that the indigenous
pPopulations of soil microorganisms were sufficient to produce
successful treatment, thereby eliminating the necessity to

amend the soils with inoculations of laboratory-grown
microorganisms. :

The biotreatment of soils in the field, because of the
potential stresses of low temperatures and lack of laboratory-
controlled conditions, may require longer treatment times than
those observed in the laboratory. Likewise, the optimal
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additions of soil amendments and microorganisms in the field
also may prove to deviate from the rates that were derived
from the laboratory investigations. '

Overall, soil biotreatment was considered a viable option for

interim site remediation, and therefore, this technology was
retained for further consideration.

2.1.7 Results of Screening - Boil

Based on the screening of the technologies described above,
stabilization, biotreatment, excavation and disposal, and
containment exhibited potential for treating at least some
portion of the chemical-affected soils at the Site. Several
other technologies, including thermal treatment, incineration,
and soil washing, were screened out because of their lack of
demonstrated effectiveness in reported field remediations.
and/or their excessive cost of implementation.

Saturated soils (i.e., soils below ground water) at the Site
likely will contain a mixture of organic compounds and
arsenic. Given the different physico-chemical properties and
mobility characteristics of arsenic relative to organics,
their combined presence in the soils poses a difficult problem
for treatment. In addition, the presence of chemical-affected
water in these soils would require dewatering and treatment
for appropriate disposal. Consequently, several of the
technology options that are appropriate for either erganic or

inorganic compounds under unsaturated conditions cannot be
implemented for the saturated soils.

The soil regions and their respective applicable treatment
technologies that will be evaluated further are as follows:

Arsenic-affected unsaturated soils (above ground water):
. stabilization‘

.+ excavation and off-gsite disposal

» containment.

Organic-affected unsaturated soils (above ground water):
* biotreatment

. excavétion and treatment/disposal off site

* containment.
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Saturated soils (below ground water)

* containment.

2.2 Technologies Considered for Ground Watar

Site investigations revealed that the ground water at the Site
has been affected by both organic compounds (primarily

petroleum-based) and inorganic elements (most notably
arsenic).

There are two major strategies available for containing
affected ground water and -inhibiting future degradation of
actual and potential beneficial uses. One is to physically

vertical migration. Physical containment also would require
some limited ground-water extraction to prevent leakage of
water from the containment barrier. Extracted water may
require treatment before disposal, depending on the selected
disposal option and volumes extracted. The other containment
option for ground water is to install an extraction system to
pump the affected ground water from the Site in a manner

extracted water would have to be treated before discharge, as
discussed in Section 1.4.3. A remedial program to control the
Sources of affected ground water would be an element of this

strategy. Treatment options fer the source area soils were
evaluated in Section 2.1. ;

The following sections focus on the ground-water extraction
alternative and screen appropriate technologies for
remediating the chemical-affected ground water. Containment
options for the Site were discussed in Section 2.1.2.

2.2.1 Bxtraction of Ground water

Active extraction has been considered for addressing ground-
water remediation. The objective of ground-water extraction
would be to hydraulically contzin affected ground water,
thereby eliminating migration to off-site areas or to deeper
ground-water zones. In situ Lechnologies for remediating
ground water would be ineffective for the Site because
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(1) in situ treatment technologies have not been demonstrated
for the arsenic- ang organic-affected saturated zone, and (2)
in situ treatment would not achieve the hydraulic containment
objectives stated above.

2.2.2 Treatment Technologies for Extracted Ground Water

The following ground-water treatment technologies were
sScreened:

. dissolved air flotation (DAF) (floating hydrocarbons)

. biotreatment (floating hydrocarbons ang dissolved
organics)

. Klensorb absorption (floating hydrocarbons)

. ion exchange (arsenic)

. electrochemical co-precipitation (arsenic)

. evaporation (arsenic)

. ultraviolet oxidation (dissolved organics)

. carbon adsorption (dissolved organics)

. evaporation with vapor controls (dissolved organics).

2.2.2.1 Dissolved Air otation. Dissolved air flotation
(DAF) is a process for removing insoluble hydrocarbons from
water. This treatment technology forces air into the water
under pressure before feeding the water into a nonpressurized
(i.e., open) tank. Under a release of pressure, introduced
air escapes as small bubbles that carry hydrophobic oils to
the surface of the water where a skimmer accumulates the
floating oil for removal. This treatment technology is not
effective in removing dissoived organic compounds or arsenic,
and therefore, was not considered further.

2.2. t e Biotreatment technologies use
microorganisms to degrade organic compounds in ground water.
However, the presence of high concentrations of arsenic in
site ground water presented a potential toxicity problem for
biological remediation. Therefore, a preliminary study was
conducted to evaluate whether microbial respiration would
survive in the arsenic-affected ground water. The
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investigation revealed that microbial activity was not
Suppressed; however, only a study over a significant period of
time would provide an adequate evaluation of biotreatment to
effectively treat arsenic-affected ground water.

Therefore, a laboratory study using a pilot-scale biocreactor
was conducted in the LevinesFricke laboratory to evaluate the
feasibility of this technology for treating the Site’s
arsenic-affected ground water (refer to detailed laboratory
report in Appendix C). Testing revealed that under
appropriate bioreactor conditions (e.g., oxygen content, pH,
nutrients, and carbon source) VOCs and SVOCs in the ground
water were degraded to below laboratory detection limits.

The potential for bioremediation to reduce arsenic
concentrations in ground water also was evaluated in the
laboratory study (see laboratory report in Appendix C). 1In
the anaerobic cells of the bioreactor, the arsenic
concentration in ground water was reduced by 30 to 50 percent.
Arsenic may have been removed from solution as metallic
arsenic, sulfitic arsenic, or as organic arsenic bound within
the microbial biomass. The removal of arsenic in the aerobic
cells was minimal (less than 10 percent) unless ferric
chloride (FeCl;) was added to catalyze the sorption of
arsenic. Following the addition of FeCl;, the concentration
of arsenic in the effluent was decreased to about 2 mg/L,
suggesting the possibility of further arsenic removal by
lowering the pH with dilute hydrogen chloride (HCl) (arsenic
sorption to Fe hydroxides is enhanced by acid pH). However,
after about one week of low arsenic concentrations in the
effluent, breakthrough of arsenic up to 30 mg/L was observed.

‘Consequently, further efforts to evaluate removal of arsenic

from ground water were abandoned in favor of optimizing the
bioreactor for VOC and svoc degradation. The two anaerobic
cells were therefore eliminated from the bioreactor
configuration to create a smaller, and more easily operable,
aerobic bioreactor. The two-stage aerobic bioreactor reduced
VOC and SVOC concentrations in the ground water to
nondetectable levels.

Biological treatment of ground-water samples from the Site
demonstrated arsenic did not inhibit the biological activity,
free-phase hydrocarbons were directly treatable, and dissolved
organics alsec could be successfully treated. Biotreatment of
site ground water to remove VOCs, SVOCs, and floating oils is

technically feasible, and will be retained for further
consideration.
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2.2.2.3 Xlensorb Absorption. Klensorb absorption removes
©ils from water by a process of absorption of o0il into a
Solid-phase material. For the hydrophobic organic compounds
comprising the floating hydrocarbons, this treatment
technology would be an effective means of protecting
Subsequent treatment steps (i.e., arsenic removal) from oil-
fouling. This process, however, is not effective for removing
hydrophilic vocs (e.g., acetone and MEK) present in site
ground water. Klensorb has limited sorptive capacity for
organic compounds, which would require disposal of the
material as a waste. Because the biotreatment study
demonstrated that floating hydrocarbons could be biotreated
without prior removal of arsenic, Klensorb absorption was
SCreened-out as unnecessary.

2.2.2.4__Ion Pxchanga. Ion exchange technology promotes the

but removal of arsenic, which can exist in a variety of
negatively charged forms in ground water, is not as well
developed. Furthermore, the resultant arsenic residue from
ion exchange is a voluminous, corrosive water solution that
would require further treatment. Therefore, ion exchange was
not considered further as a primary treatment option because
of technical uncertainties and lack of cost effectiveness,
Ion exchange could, however, serve as a polishing step if the

preferred techhology for arsenic removal could not achieve
discharge limits.

2:2,2.5 _Electrochemica o-Precipitation. This treatment
technology removes inorganic elements from water through
adsorption and co-precipitation reactions. The

water phase. Ferric iron has a low solubility at near-neutral
PH, and forms a fresh, active ferric hydroxide precipitate.
Freshly precipitated ferric hydroxides are known to remove the
oxyanions of arsenic by adsorption and co-precipitation
brocesses. The most oxidizead form of arsenic, arsenate, is
known to respond to this treatment better than the arsenite
ion. Therefore, hydrogen peroxide is commonly added to
oxidize all of the arsenic to arsenate.
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To evaluate the feasibility of this technology for the Site,
samples of ground water composited from several monitoring
wells were sent to two vendors for laboratory-scale testing.
The vendor tests for the electrochemical process were
conducted without removing organic compounds from the ground-
water sample because, at the time, it was thought that arsenic
would have to be removed before the biological treatment
process for organic removal. (However, biotreatment
evaluations demonstrated that arsenic did not inhibit
biodegradation of VOCs and SvVoCs [see Section 2.2.2.2].)

The first vendor, Andco Environmental Processes, Inc.,
demonstrated removal of arsenic to less than 1 mg/L by three

- methods: (1) a large excess of iron (300 mg/L): (2) a

moderate dosage of iron (100 mg/L) with the addition of
hydrogen peroxide (70 mg/L); and (3) a combination of 100 mg/L
of iron, 40 mg/L of hydrogen peroxide, and 100 mng/L of calcium
chloride. The third test was included because of the high
concentration of organic compounds in the test sample. The
second method has the economic advantage of generating the
smallest amount of sludge of the three. 1In addition, Andco
indicated they have achieved 0.004 mg/L effluent arsenic
concentrations in similar arsenic-affected ground water.
Andco’s laboratory report is included in Appendix D. If this
treatment technology is selected, additional design-level
optimization testing may be required to demonstrate the

reliability of meeting the discharge standard with this ground
water.

It was not considered hecessary to test dewatering of the
sludge precipitate, but the amount of precipitate formed was
estimated because of its impact on the cost of treatment.

All arsenic removal processes will generate a residue
containing arsenic, and a major portion of the annual costs
for treatment will be for the final disposal of that residue.
Costs for treatment are discussed in Section 4.2.

The second vendor to test ground water from the Site was the
UNOCAL Chemicals Division of UNOCAL Corporation using its
patented Unipure process. The Unipure system consists of a
dual-pass treatment process. Using one pass through its
system, Unipure achieved arsenic treatment to 3.8 mg/L. With

- dual passes, Unipure reported a reduction to 0.16 mg/L.

Unipure’s results of testing are included in Appendix B.

The test results reported by the vendors indicated these
pProcesses will remove arsenic to at least 0.2 mg/L. The
electrochemical process is preferred over ion exchange because
the arsenic residue from the former is a minimum volume filter
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exchange is a higher volume, corrosive water solution, which
requires further treatment. As a result, electrochemical
treatment was retained for further consideration.

ll cake of iron and arsenic while the arsenic residue from ion

l! 2.2.2.6 Bvaporation. Evaporation technology can be used for
the removal of a liquid from a solid. In this case, the
method may be applied to the removal of extracted ground water
from its dissolved inorganic constituents, particularly
arsenic. Evaporation can be implemented using direct heat
transfer equipment (e.g., vacuum dryers, furnaces, steam tube
dryers, and rotary calciners). Evaporation is usually
effective in applications where either the liquid is high in
solids and/or there is a small amount of liquid to be removed.

Although evaporation is not typically applied to remediate
ground water, this technology was identified for screening
because of its possible application for very low-flow
extraction alternatives.

While evaporation is usually not considered a treatment
technology for dissolved VOCs, its operation should cause the
volatilization of these chemicals. The release of VOCs may
require treatment (e.g., thermal oxidizer). Because arsenic
is relatively wvolatile for an inorganic, it is also possible
the off-gas would contain some of that toxic metal. Thermal
oxidation would not be effective in controlling arsenic
emissions to the air.

LB

Evaporation technology has not been evaluated further because
-0f the uncertainties associated with treatment quality and
centrol, and high energy costs.

2.2,2.7 Ultraviolet Oxidation, This treatment technology
uses ultraviolet light (UV) with ozone and/or hydrogen
peroxide to oxidize organic compounds. The technology is
relatively new and produces variable results, depending on the
types and concentrations of organic compounds present and the
overall characteristic of the ground water. Samples of the
ground water were strongly colored from particulates, VOCs,
and longer chain hydrocarbons. Therefore, UV light
transmission through site ground water would be inhibited.

As a result, UV oxidation is not considered a potential
treatment technology for the Site. Also, other technologies
proposed herein (biotreatment) have been demonstrated
effective for treatment and are considered to be more cost
effective than UV oxidation.
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2.2.2.8 Activated Carbon Adsorption. Activated carbon is a
material commonly used to remove dissolved organics from
water. 1Its effectiveness is based primarily on an extensive
network of internal porosity, created during the activation
process. Hydrophobic (low water solubility) organic compounds
have a relatively strong tendency to adsorb onto the carbon
surface provided by its porosity. There also have been
reports in the literature (Chen and Gupta 1978) indicating
some arsenic adsorption on activated carbon, but this process
has not been well developed.

Activated carbon adsorption was screened out for removal of
dissolved organics at the Site for two reasons. First, the
floating hydrocarbons would have to be thoroughly removed
ahead of an adsorption system to prevent carbon fouling.
Because Klensorb absorption (the method of choice to protect
carbon) has proven to be unnecessary for floating hydrocarboen
removal before biotreatment, it would amount to adding a
process step to include it for carbon protection. The second,
more important, reason is that the hydrophilic organics (e.gq.,
acetone and MEK) present in ground water are not effectively
removed by this technology. Activated carbon adsorption
could, however, serve as a polishing step if the preferred
technology effectively removed the hydrophilic organics but
not the hydrophobic ones.

2.2.3 ~Results of Screening - Ground Water

Based on the screening of the technologies described above,
biotreatment coupled with electrochemical co-precipitation
demonstrated effectiveness for treating ground water for
organic compounds and arsenic, respectively. Several other
technologies, including DAF, Klensorb absorption, ion
exchange, and UV oxidation were screened out because they
lacked demonstrated effectiveness in field remediations of
ground water containing VOCs, SVOCs, and arsenic, or because
they were shown to be unnecessary. Ion exchange and/or carbon
adsorption, however, could be employed for polishing the
effluent for discharge. Evaporation has been preliminarily
screened out pending acquisition of more accurate extraction
flow-rate data.

In summary, the applicable treatment technologies for ground
water that will be evaluated further are as follows:

* biotreatment for VOCs and SVOCs

* electrochemical co-precipitation for arsenic.
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The implementability of these technologies at the Site in
appropriate combinations of remedial alternatives will be

discussed in Sections 3.0 and estimated costs will be
presented in Section 4.0.
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3.0 DEVELOPMENT OF POTENTIAL INTERIM REMEDTIAL MEABURES

In this section, individual technologies that were screened to
be effective in Section 2 are developed for implementation at
the Site and presented in the context of five alternatives:-

1. Hydraulic containment with full source (soils) excavation
and disposal. '

2. Hydraulic containment with full source (soils) treatment.

3. Engineered containment of chemical-affected areas with
limited source (soils) treatment.

4. Engineered containment of chemical-affected areas with "hot
spot" arsenic_source (soils) treatment.

5. Engineered containment of chemical-affected areas.

The development of these alternatives has been made based on
screening of technologies, their ability to meet the interim
remedial goals of minimizing or eliminating potential human
exposure to affected soils and ground water, containing site
ground water to reduce the potential for movement off site,
preliminary cost effectiveness, and extracting ground water to
mitigate further degradation of water~yielding soils and
ground water.

A no action alternative was evaluated for the Site; however,
because this alternative would not address the goals and
objectives for remediation, the no action option was not
evaluated further as one of the interim remedial alternatives.

These alternatives focus on two overall strategies: active
ground-water extraction (hydraulic containment) and subsequent
treatment of extracted ground water, and engineered
containment with varying degrees of source treatment.

Alternatives 1 and 2 use the hydraulic containment strategy.
Under these options, hydraulic containment would be obtaired
by extracting ground water through a series of on-site and
off-site extraction wells. This extracted ground water would
be treated for removal of VOCs, SVOCs, and arsenic before
discharge or reuse. Because the hydraulic containment options
do not include engineered containment (i.e., slurry wall and
capping), full source excavation and disposal or full source
treatment of soils would be required to minimize potential
human exposure.
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Alternatives 3 through 5 focus on a strategy of engineered
containment with varying degrees of source treatment. These
three alternatives would include a slurry wall and site
capping with limited ground-water extraction. Varying degrees
of source treatment have been evaluated under Alternatives 3
through 5 to evaluate their cost effectiveness. ‘

The following text presents a more detailed'description of
each of these alternatives. Cost estimates for each of these
developed alternatives is presented in Section 4.0.

3.1 Alternative 1: Hydraulic Containment with Full Source
{Boils) i P

Excavation and Disposal

Alternative 1 has been developed based on conventional ground-~
water extraction and treatment. Containment of affected
ground water is sought through active extraction of the
saturated A-zone aquifer. Based on modeling, the estimated
flow of the ground-water extraction system would be as high as
10 gallons per minute (gpm). Extracted ground water would be
treated for removal of VOCs, SVOCs, and arsenic. Ground water
could be treated for discharge or reuse. The difficulty in
achieving low arsenic concentrations in discharges, however,
favors industrial reuse of the treated water over NPDES
discharge. The conceptual site layout for Alternative 1 is

presented in Figure 13 and the conceptual treatment schematic
is shown in Figqure 14.

The following provides a description of the remedial
components involved with the implementation of Alternative 1.

3.1.1 Active Hydraulic Containment

A range of ground-water extraction alternatives was developed
to examine the costs and benefits of attempting different
degrees of interim remediation. Each of the alternatives is
conceptually capable of restricting the off-site migration of
affected ground water. The alternatives differ in the degree
of source control and remediation provided, and in the degree
of certainty in restricting further off-site migration. Each
of these extraction alternatives would be combined with a

treatment system to remove target chemicals before discharge
or reuse of the water. :

The different ground-water extraction alternatives were

evaluated hydraulically using analytical solutions to the
ground-water flow equation. Hydraulic parameters such as
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transmissivity, storage coefficient, and the hydraulic
gradient were taken from LevinesFricke’s Phase II
investigation report (Levine-Fricke 1990a).

Steady-state flow to a well was evaluated using the Theis
equation. Transient long~term solutions were made using the
THEIS computer code developed by S.S. Papadopulos & Associates
(unpublished code written by Dr. Charles Andrews, 1984) for
multiple wells in an aquifer. This computer model calculates
solutions for the superposition of multiple production well
solutions using the Theis equation. 1In evaluating these
solutions, the total thickness of the aquifer must be
considered explicitly because the analytical solutions will
not indicate aquifer dewatering. For these hydraulic
evaluations, the A-zone aquifer unit was taken to have an
upper boundary of 5 feet above Mean Low Low Water (MLLW) and a

lower boundary of -3 feet MLLW taken from cross sections for
the Site. '

This alternative captures ground water on site and off site
that contains chemicals above respective drinking water
standards. It would use seven extraction wells or three
french drains and three extraction wells, depending on the
design preferences for extraction at the Site. The layocut of
the three extraction wells and three french drains is shown in
Figure 13 with the estimated capture area after sustained
pumping. The conceptual layout would place additional
extraction wells in the solvent and oil tank storage areas as
source control measures and would place one additional well at
the downgradient perimeter of the Site. Extraction rates for
the total system are estimated to be approximately 10 gpm.
This alternative appears to provide adequate capture of
affected ground water.

3.1.2 Treatment of Ground Water

A treatment system would be required for treating affected
ground water generated by the ground-water extraction system.
The conceptual treatment schematic is shown in Figure 14.
Biological treatment and electrochemical co-precipitation are
the primary processes that would be used to treat the affected
ground water. The following describes these treatment
processes in more detail.

3.1.2.1 Bjotreatment of VOCs and svoCs, Screening

evaluations in Section 2.0 and Appendix B revealed that
biotreatment can effectively treat site ground water in the
presence of arsenic. Consequently, the biotreatment process
c¢an be implemented in this remedial alternative before the

1563 /Rem. MDK /NAS 35



LEVINE-FRICKE

arsenic removal process (see next section). Based on modeling
of the identified ground-water extraction system, the
estimated flow would be approximately 10 gpm. As indicateqd by
results of the pilot-scale laboratory study conducted in the
LevinesFricke laboratory, the optimum process design for
removal of the VOCs and SvVOCs appears to be a submerged,
fixed-film, two-stage aerobic bioreactor. The full-scale
biological treatment system also would include clarification
for suspended solids removal, sludge thickening and handling
equipment, and cartridge filters and carbon adsorption vessels
for final polishing as required. '

3.1.2.2 Electrochemical Treatment of Arsenic.
Electrochemical precipitation would be used to remove arsenic
in extracted ground water. This process technology would be
implemented after the biotreatment process to avoid potential
organic fouling of the arsenic precipitation process.
Discharge waters may be polished by ion exchange and/or
activated carbon. The disposal of arsenic-affected sludge
would require off-site disposal in accordance with regulatory
guidelines. Estimates of sludge production have been made
based on results of the treatability work (see Appendix D) and
vendor estimates and are included in the cost estimates
presented in Section 4.0. The high sludge production and
operational difficulty in achieving low concentrations of
arsenic, however, favors implementation of some industrial
reuse of the treated water over NPDES discharge.
Nevertheless, the electrochemical Process was demonstrated to

be effective in reducing effluent discharge to below sanitary
sewer discharge limits.

3.1.3 BExcavation and Disposal of Affected Soils

As discussed in Section 2.0, excavation and disposal of
affected soils is a remedial alternative considered for soils
in the unsaturated A zone. This action could be implemented
on affected soils requiring remediation. Many of the soils
would require Class I disposal and the arsenic-affected soils
would require off-site treatment before disposal at a Class I
facility after May 1992. Areas identified for full excavation
and disposal are shown in Figures 10, 11A, 11B, and 12.
Saturated A-zone soils have not been considered for removal,
as measures to control their impact on site ground water are

addressed through either the active or passive hydraulic
containment.

Site preparation before excavation activities may require
structural reinforcement of on-site and neighboring off-site
buildings located adjacent to the affected areas. Structural
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reinforcing activities would lengthen the total excavation
duration and add to remediation costs.

The excavation of the affected areas is limited to accessible
areas within the Site. Areas beneath existing building
footprints, and current daily operations pathways (such as
railroad tracks located west of the shop and boiler house and
railroad tracks running through the former solvent tank
storage area) would have to be left unexcavated or require
extensive measures so that operations were not affected.

Excavation of the affected soils could be performed using a
conventional backhce. The excavated, affected soils could be
temporarily stockpiled on site or loaded directly onto trucks
licensed for transporting hazardous wastes. The pad for
temporarily stockpiling the affected soils would be lined with
visquine or similar impermeable barrier. Stockpiled soils
also would be covered with visquine. Whenever possible, the
affected soils would be loaded directly onto trucks to
minimize handling and temporary storage on site. The trucks
would be lined with plastic liners, and tarpaulins would be
used to cover the affected soils during transportation to the
TSDF. The trucks would be brushed clean and weighed before
leaving the Site.

Current site operations and excavation activities would be
expected to affect each other. Although every effort would be
made to minimize the interference between site operations and
excavation activities, delays and temporary operational slow-
downs would be inevitable because of safety concerns. The
affected area at the former oil tank storage area may
experience a certain amount of inconvenience because of the
limited space and access between buildings on the west side of
this area and the operational railroad track on the east side.
It is not anticipated excavation activities at the former
solvent tank storage area would be affected because this area
currently is vacant land with open access and minimal ongoing
site operations.

3.2 Al a 23 draulic Containment with Full Source

{8¢ils) Treatment

Alternative 2 has been developed based on conventional ground-
water extraction and treatment. Alternative 2 is identical to
Alternative 1, with the exception that affected soils would be
remediated through treatment on site instead of excavation,
off-site treatment for organic-affected soils, and disposal.
Containment of affected ground water would be sought through
active extraction of the saturated A-zone aquifer. Based on
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modeling, the estimated flow of an extraction system would be
as much as 10 gpm. Extracted ground water would be treated
for removal of VOCs, SVOCs, and arsenic. Ground water could
be treated for discharge or reuse. The difficulty in
achieving low concentrations of arsenic in discharges,
however, favors industrial reuse of the treated water over
NPDES discharge. The conceptual site layout for Alternative 2
is presented in Figure 13 and the conceptual treatment
schematic is shown in Figure 14.

The following provides a description of the remedial
components invelved with implementation of Alternative 2.

3.2.1 2active Hydraulic Containment

Hydraulic containment for this alternative is identical to
that of Alternative 1, and would capture ground water on site
and off site containing chemicals above respective drinking
water standards. It would use seven extraction wells or three
french drains and three extraction wells, depending on the
design preferences for extraction at the Site. The layout of
the three extraction wells and three french drains is shown in
Figure 13 with the estimated capture area after sustained
pumping. The conceptual layout would place additional
extraction wells in the solvent and oil tank storage areas as
source control measures and would place one additional well at
the downgradient perimeter of the Site. Extraction rates for
the total system are estimated to be approximately 10 gpm.
This alternative appears to provide complete capture of
affected ground water.

3.2.2 Treatment of Ground Water

A treatment system would be required for treating affected
ground water generated by the ground-water extraction systen.
The treatment system would be identical to that proposed under
Alternative 1, and the conceptual treatment schematic is shown
in Figure 14. Biological treatment and electrochemical co-
precipitation are the primary processes that would be used to
treat the affected ground water. Section 3.1.2 describes the
treatment processes selection and Section 2.2 describes the
processes in greater detail.

3.2.3 Treatment of Affected Boils

As discussed above, the on-site remediation of affected soils
may be a viable option for minimizing potential human exposure
and for limiting migration of chemicals of concern to ground
water. Selection of soil treatment may be independent of
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other control measures implemented. Soil treatment may be
most beneficial when implementing options that do not include
containment because noncontainment options do not include a
site cap and would allow for continued infiltration and direct
human exposure. Further evaluations of health effects or deed
restrictions that may apply if soils are treated and left in
place alsc may affect implementation of this alternative.
Discussion of treatment for the organic- and arsenic-affected
soils is presented below. Affected areas for treatment are
identified in Figures 10, 11A, 11B, and 12.

3.2.3.1 _ Bio=Treatment of Oorganic-Affected 8oils. As
d

emcnstrated during the screening treatability study, the
organic-affected soils are amenable to bioremediation. The
implementation of this alternative could enhance the control
of off-site migration, particularly in cases where a site cap
is not implemented or where regulatory requirements have
established remediation goals for on-site soils. The site
investigations have identified the source areas for the VOC-
and SvVoC-affected soils, respectively, and the assumed areas
for treatment are depicted in Figures 10, 11A, and 11B.
Quantities of affected soils have been estimated based on
preliminary remediation goals, as presented in Section 1.4.2.

Biotreatment of the affected soils will require sufficient
area to stage the excavation and to treat the soils. The
limited area available may affect the time frame of this
alternative. The excavation of affected soils may also
disrupt the activities at the Site, both by limiting access to
certain areas and by disrupting rail access to the Site.

Other factors that have been taken into consideration in
developing this option include implementation of a Health and
Safety Plan. Because of the volatile nature of many of the
organic compounds present, extensive efforts will be needed to
control potential exposure to nearby residents and on-site
personnel.

Successful treatment of organic-affected soils should reduce
the potential for these soils to leach organic compounds to
ground water, thereby restricting further degradation of
water-yielding zones and the potential for human exposure.

3.2.3.2 tabiliga senic-Affected S8oils. As
demonstrated in the screening treatability studies,
stabilization of arsenic-affected soils was achieved by a
proprietary formulation from Chemfix Technologies, Inc.
Stabilization of arsenic-affected soils would be implemented
in situ, using a deep soil mixing technology available from
several vendors. The in situ option would be implemented
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because of the difficulties anticipated in excavating adjacent
to existing buildings and because of permitting/requlatory
difficulties associated with excavating this arsenic-affected
soil. Implementation of this option under this scenario may
require relocation of existing utilities and railroad lines.

The assumed areas for implementation of this alternative are
presented in Figure 12.

3.3 Alternative 3: Engineered Containment of Chemical-

Affected Areas with Limited Bource (Boil) Treatment

This alternative would employ engineered containment to
control migration of affected ground water and eliminate
potential human exposure pathways. At the same time, this
alternative would reduce the amount of ground water requiring
extraction and treatment. Engineered containment would
include installing a cap and slurry wall around the on-site
areas of affected soil and ground water in conjunction with
ground-water extraction and treatment within the containment
zone to dewater the sediments and maintain an inward hydraulic
gradient. Limited source remediation of arsenic-, lead-,
VOC-, and svVoC-affected scils is included under this
alternative. The conceptual soil remedial goals would be
higher than those given in Section 1.4.2.1 because containment
is part of this alternative. Under this alternative, it is
assumed soils would be remediated (stabilization for inorganic

elements and biotreatment for organic compounds)} based on the
following cleanup goals:

Chemical Cleanup Goal Basis
lead | 1,000 mg/kg - TTLC*
arsenic 500 mg/kg TTLC
VOCs 100 mg/kg Conceptual
SVOCs Contain in-place . Conceptual

*Total Threshold Limit Concentration

Figure 15A presents the layout of the proposed engineered
containment system under this alternative. Figures 11A and 12
detail the estimated areas required for soil remediation
assuming limited source reduction. This alternative includes
capping the affected areas, construction of new surface
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drainage structures, and installation of a passive hydraulic
barrier to control ground-water movement. The conceptual

treatment schematic shown in Figure 14 would apply to this
alternative.

The following provides a description of the remedial
components involved with implementation of Alternative 3.

3.3.1 Containment

Containment includes construction of barriers to impede both
vertical and horizontal infiltration or leakage. A detailed

discussion of the implementation of these barriers follows.

3.3.1.1 Horisontal Barrier. Under this alternative, limited
areas containing affected soils and ground water could be
stabilized and sealed with a variety of capping materials,
including asphalt, concrete, low permeability soils or clays,
or flexible membrane liners. For this alternative, it is
anticipated a multimedia cap would be designed using a
combination of the above materials.

Drainage piping would be installed to channel precipitation
and runoff from the Site. The cap would be installed over the
areas of affected soil and ground water at the Site, as
depicted in Figure 15A. The areas to be capped would be
graded to allow proper drainage. Catch basins also would be
installed to promote drainage and to reduce the potential for
ponding in the vicinity of the affected areas. A sealant
could be applied to the surface of the asphalt or concrete cap
to further reduce infiltration.

In the affected areas where there is an existing concrete or
asphalt cover (such as the former 0il Tank Storage area,
located west and north of the boiler house and loading racks,
respectively), an inspection should be performed to identify
features that may affect the integrity of the cap, such as
poor drainage zones, cracks, open joints, and damaged concrete
or asphalt. These undesirable features would need to be
repaired or replaced as necessary.

Horizontal barriers composed of asphalt or concrete pavement
are subject to infiltration, which can allow collection of
water within a horizontally contained zone. Because of the
complexity and cost of treating the chemicals of concern in
the ground water and the high operating costs of treatment, it
is usually economical to make capital expenditures to reduce
the operational costs associated with such infiltration. A
multimedia cap capable of meeting these requirements for the
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Site would probably consist of a low permeability flexible
membrane liner (FML), covered with a layer of sand to protect
its integrity. To provide a wearing surface for the cap, a
low load-bearing wearing surface should be constructed, which
could consist of a gravel subbase and an asphalt-cement paving
section. Actual materjals and design thickness for the cap
will be determined in the design phase. To improve surface-
water runoff, an asphaltic seal coat could be applied.

For evaluation purposes, assumptions of permeability have been
made; it has been assumed approximately 99 percent of surface
water would run off and 1 percent would infiltrate.

Quantities of infiltrated water can be estimated based on
local incident rainfall, surface area, and estimated
permeabilities. The quantity of infiltrated water to be
treated has been addressed as a potential cost and is included
in the conceptual cost estimates presented in Section 4.0.

3.3.1.2 Vertical Barrier. Control of affected ground-water
migration would be effected through the construction of an
impermeable barrier and the extraction of ground water. A
discussion of impermeable barriers follows, and ground-water
extraction is discussed in Section 3.3.2.

Impermeable Barrier. An impermeable barrier may be
implemented through construction of a slurry wall. A slurry
wall is one of several types of subsurface cut-off walls that
significantly reduce leaching of chemicals of concern by
redirecting upgradient ground water away from an affected
area, and/or by controlling horizontal leachate movement away
from a site. A slurry wall is constructed by excavating a
trench using a backhoe, and backfilling the trench with a soil
bentonite slurry or bentonite-cement slurry. The slurry wall
would be keyed into the low permeability Bay Mud materials, as
shown in Figure 15B. The backfilled trench has a much lower
coefficient of permeability than the surrounding soil and thus
creates a barrier to ground-water flow. Because of the
inherent flexibility of soil bentonite slurry walls and the
ability to incorporate excavated soils into the slurry wall
materials, thereby reducing disposal costs, this option is
included in this alternative.

The slurry cut-off wall also would be integrated with the
surface cover. The continuous bentonite slurry wall would be
installed at the periphery of the affected areas to minimize
lateral migration of the chemical compounds within the
affected soils. The slurry wall would be keyed into the
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surface cap and the shallow zone low permeable clay seoils at
the top and bottom, respectively. The affected soils are thus
isoclated from ground-water movement using a combination of
surface cover and cut-off wall.

Installation of a cut-off wall may require the structural
support of building foundations along its alignment. The
excavation of the slurry trench could cause foundation
instabilities that would need to be addressed before this
option can be implemented. Based on observations of the
structures on the Site and neighboring properties, it is
anticipated structural underpinning (probably consisting of
slant piles and connecting beams) may be required. This
safeguard, while costly, should allow for implementation of
this option without disruption or damage to these structures.

The other physical features that could affect costs of this
interim remedial measure are underground utilities and
foundations. The cccurrence of abandoned foundations may make
excavation of the trench more difficult, or may regquire
realignment of the cut-off wall. A review of existing
structures and possibly a field exploration may be needed to
evaluate the presence and condition of existing and abandoned
foundations. Nevertheless, this option is implementable and

 technical construction issues would be addressed during the

design phase.

3.3.2 dGround-water Extraction and Treatment

3.3.2.1 dGQround-Water Extraction. Ground-water extraction

would be integrated with passive containment to provide full
hydraulic containment of affected ground water. Ground water
would be extracted from three shallow ground-water extraction
wells within the containment area. 'An estimate of the total
flow rate from these wells is less than 1 gpm. These wells
would be designed to provide dewatering of the contained zone,
both to provide a zone of lower hydraulic potential, and to
effectively dewater this potential source area. Estimated
flow rates have been developed based on soil permeabilities
and anticipated ground-water production after dewatering the
saturated A-zZone soils.

3.3.2.2 Ground-Water Treatment. Treatment of extracted

ground water under this alternative would follow the basic
scheme identified in Section 2.0 and further developed under
Alternative 1, as presented in Figure 14. The flow rates are
anticipated to be significantly less (less than 1 gpm) than
the 10 gpm flow rate discussed for Alternatives 1 and 2, with
the majority of the extracted water containing arsenic, VOCs,
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and SVOCs. The treatment for the VOCs and S5VOCs would use a
submerged, fixed-film reactor for bioclogical oxidation of
these organic compounds. Discharge from the biotreatment

system would still need treatment for reduction of the arsenic
before discharge or reuse.

Electrochemical precipitation would be used for treatment of
the arsenic in extracted ground water. At the low flow rates
and the lower loading of arsenic, it is anticipated this
equipment could be operated on a batch basis. The reduction
in arsenic-affected ground-water flow rates reduces
significantly the volume of sludge production and associated
off-site disposal costs. The ground-water discharge may be
polished using ion exchange and/or carbon adsorption
technologies, depending on ultimate discharge or reuse
applications.

3.3.3 Treatment of Affected Soils

As discussed above, the on-site remediation of affected soils
may be a viable option for further reducing potential human
exposure and for limiting migration of chemicals of concern to
ground water. Application of soil treatment technologies may
be independent of other control measures implemented. Health
effects or deed restrictions that may apply if soils are left
untreated also may affect implementation of this alternative.
Discussion of treatment for the organic- and arsenic-affected
soils are presented below.

Biotreatment of organic-Affected 8oils. Biotreatment of soils

would be implemented similar to Alternative 2; however, only
limited remediation of Voc-affected soils (conceptual cleanup
goal of 100 mg/kg) in the solvent tank storage area is
Proposed under this alternative. SVOC-affected soils are
proposed to be contained in place because capping also is
included as part of this alternative. Affected areas for
limited source biotreatment are shown in Figure 11A.

Biotreatment of affected soils would require sufficient area
to stage the excavation and to treat the soils. The limited
area available may affect the time frame of this alternative.
Excavation of affected soils also may disrupt activities at
the Site, both by limiting access to certain areas and by
disrupting rail access to the Site. Other factors that have
been taken into consideration in developing this option
include implementation of a Health and Safety Plan. Because
of the volatile nature of many of the organic compounds,
efforts will need to be made to control potential exposure to
nearby residents and on-site personnel.
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Successful treatment of organic-affected soils should reduce
the potential for these soils to leach organic compounds to
ground water, thereby restricting further degradaticn of

water-yielding zones and further reducing the potential for
human exposure.

gtabiligation of Arsenic-Affected Boills, Stabilization of
arsenic-affected soils would be implemented similar to
Alternative 2; however, only limited remediation of these
soils (conceptual cleanup goal of 500 mg/kg) is proposed under
this alternative because capping would be implemented as part
of this alternative. Affected areas for limited source
fixation of arsenic soils are shown in Figure 12.

As demonstrated in the screening treatability studies,
stabilization of arsenic-affected soils was achieved by a
proprietary formulation from Chemfix Technolegies, Inc.
Stabilization of arsenic-affected soils would be implemented
in situ, using a deep soil mixing technology available from
several vendors. The in situ option would be implemented
because of the difficulties anticipated in excavating adjacent
to existing buildings and because of pernitting/regulatory
difficulties associated with excavating this arsenic-affected
soil. Implementation of this option under this scenario may
require relocation of existing utilities and railroad lines.

The assumed areas for implementation of this alternative are
presented in Figure 12.

3.4 Alternative 4: Engineered Containment of Chemical-

Affected Areas with "“Hot-Spot" Arsenic Scurce Treatment

This alternative would employ engineered containment to
control migration of affected ground water and eliminate
potential human exposure pathways. At the same time, this
alternative would reduce the amount of ground water requiring
extraction and treatment. Engineered containment would
include installing a cap and slurry wall around the on-site
areas of affected soil and ground water in conjunction with
ground-water extraction and treatment within the containment
zZone to dewater the sediments and maintain an inward hydraulic
gradient. This alternative is similar to Alternative 3, with
the exception that only remediation of "hot spot" arsenic-
affected soils is proposed under this alternative because
engineered containment (slurry wall and capping) would
eliminate the potential exposure pathways for affected soils
and ground water. The conceptual soil remedial goals would be
above those given in Section 1.4.2.1 because containment is
part of this alternative. The soil remedial goals assume only
"hot spot” remediation of arsenic soils and containment of the
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remaining secils. Under this alternative, it is assumed
arsenic-affected soils would be remediated {(by solidification)
based on the following cleanup goals:

Chemical Cleanup Goal Basis

lead Contain in-place . Conceptual
arsenic 5,000 mg/kg Ten Times the TTLC
VOoCs Contain in-place Conceptual
SVOCs Contain in-place Conceptual

Figure 15A presents the layout of the proposed engineered
containment system under this alternative. Figure 12 details
the estimated areas required for soil remediation assuming
"hot spot" arsenic source reduction. This alternative
includes capping the affected areas, construction of new
surface drainage structures, and installation of a passive
hydraulic barrier to control ground-water movement. The
conceptual treatment schematic shown in Figure 14 would apply
to this alternative.

The following provides a description of the remedial
components involved with the implementation of Alternative 4.

3.4.1 Containment

Containment includes construction of barriers to impede both
vertical and horizontal infiltration or leakage. Identical to
Alternative 3, a multimedia cap would be used as a horizontal
barrier and a slurry wall would be used as a vertical barrier.
A detailed discussion of the implementation of these barriers
is presented in Sections 3.3.1.1 and 3.3.1.2.

3.4.2 Ground-water Extraction and Treatment

3.4.2.1 Ground-Water Bxtraction, Ground-water extraction
would be integrated with passive containment to provide full
hydraulic containment of affected ground water. Identical to
Alternative 3, ground water would be extracted from three
shallow ground-water extraction wells within the containment
area. An estimate of the total flow rate from these wells is
less than 1 gpm. These wells would be designed to provide
dewatering of the contained zone, both to provide a zone of
lower hydraulic potential, and to effectively dewater this
potential source area. Estimated flow rates have been
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developed based on scil permeabilities and anticipated ground-
water production after dewatering the saturated A-zone soils.

3.4.2.2 Ground-Water Treatment. Treatment of extracted

ground water under this alternative would be identical to
Alternative 3 and as presented in Figure 14. The flow rates
are anticipated to be significantly less (less than 1 gpm)
than the 10 gpm discussed for Alternative 1 (Section 3.1.2),
with the majority of the extracted water containing arsenic,
VOCs, and SVOCs. The treatment technoleogy would use a
submerged, fixed-film bioreactor for biological oxidation of
VOCs and SVOCs. Discharge from the biotreatment system would
still need treatment for reducing arsenic concentrations,
before discharge or reuse.

Electrochemical precipitation would be used for reducing
arsenic concentrations in extracted ground water. At the low
flow rates and the lower loading of arsenic, it is anticipated
this equipment could be operated on a batch basis. The
reduction in arsenic-affected ground-water flow rates
significantly reduces the volume of sludge production and
associated off-site disposal costs. The ground-water
discharge may be polished using ion exchange and/or carbon
adsorption, depending on ultimate discharge or reuse
applications.

3.4.3 Treatment of Affected Soils

As discussed above, the on-site remediation of affected soils
may be a viable option for further reducing potential human
exposure and for limiting migration of chemicals of concern to
ground water. Application of soil treatment technologies may
be independent of other control measures implemented. Health
effects or deed restrictions that may apply if soils are left
untreated also may affect implementation of this alternative.
Discussion of treatment for the organic- and arsenic-affected
soils are presented below.

Fizxation of Arsenic-Affected Soils. Fixation of arsenic-

affected soils would be implemented similar to Alternative 2;
however, only limited remediation of these soils (conceptual
cleanup goal of 5,000 mg/kg) is proposed under this
alternative because capping would be implemented as part of
this alternative. Affected areas for "hot spot" arsenic
source treatment are shown in Figure 12.

As demonstrated in the screening treatability studies,

"stabilization of arsenic-affected soils was achieved by a

proprietary formulation from Chemfix Technolecgies, Inc.
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Stabilization of arsenic-affected soils would be implemented
in situ, using a deep soil mixing technology available from
Several vendors. The in situ option would be implemented
because of the difficulties anticipated in excavating adjacent
to existing buildings and because of permitting/regulatory
difficulties associated with excavating this arsenic-affected
scil. Implementation of this option under this scenaric may
require relocation of existing utilities and railroad lines.
The assumed areas for implementation of this alternative are
presented in Figure 12.

3.5 Alternative 5: Engineered Containment of Chemical-
Affected Areas

This alternative would employ engineered containment to
control migration of affected ground water and eliminate

~ potential human exposure pathways. At the same time, this

alternative would reduce the amount of ground water requiring
extraction and treatment. Engineered containment would
include installing a cap and slurry wall around the on-site
areas of affected soil and ground water in conjunction with
ground-water extraction and treatment within the containment
zone to dewater the sediments and maintain an inward hydraulic
gradient. This alternative is similar to Alternative 3, with
the exception that no source remediation of scils is proposed

- under this alternative because engineered containment (slurry

wall and capping) would eliminate the potential exposure
pathways for affected scils and ground water.

Figure 15A presents the layout of the proposed engineered
containment system under this alternative. The conceptual
treatment schematic shown in Figure 14 would apply to this
alternative.

The following provides a description of the remedial
components involved with the implementation of Alternative 5.

3.5.1 Containment

Containment includes the construction of barriers to impede
both vertical and horizontal infiltration or leakage.
Identical to Alternative 3, a multimedia cap would be used as
a horizontal barrier and a slurry wall would be used as a
vertical barrier. A detailed discussion of the implementation
of these barriers is presented in Sections 3.3.1.1 and
3.3.1.2.
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3.5.2 Ground-Water BExtraction and Treatment

3.5.2.1 Ground-Water Extraction. Ground-water extraction

would be integrated with passive containment to provide full
hydraulic containment of affected ground water. Identical to
Alternative 3, ground water would be extracted from three
shallow ground-water extraction wells within the containment
area. An estimate of the total flow rate for these wells is
less than 1 gpm. These wells would be designed to provide
dewatering of the contained zone, both to provide a zone of
lower hydraulic potential, and to effectively dewater this
potential source area. Estimated flow rates have been
developed based on soil permeabilities and estimated time to
dewater the saturated A-zone soils. :

3.5.2.2 Ground-Water Treatment. Treatment of extracted
ground water under this alternative would be identical to
Alternative 3 and as presented in Figure 14. The flow rates
are anticipated to be significantly less (less than 1 gpm)
than the 10 gpm rate discussed for Alternative 1 {Section
3.1.2), with the majority of the extracted water containing
arsenic, VOCs, and SVOCs. The treatment technology would use
a submerged, fixed-film bioreactor for biological oxidation of
VOCs and SVOCs. Discharge from the biotreatment system would

still need treatment for reducing the arsenic before discharge
or reuse.

Electrochemical precipitation would be used for reducing
arsenic concentrations in extracted ground water. At the low
flow rates and the lower loading of arsenic, it is anticipated
this equipment could be operated on a batch basis. The
reduction in arsenic-affected ground-water flow rates reduces
significantly the volume of sludge production and associated
off-site disposal costs. The ground-water discharge may be
polished using ion exchange and/or carbon adsorption,
depending on ultimate discharge or reuse applications.
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4.0 ANALYSIB8 OF COSTS8 FOR POTENTIAL INTERIM REMEDIAL MEASURES
4.1 Assumptions -

Development of the proposed conceptual cost estimates have
been prepared based on engineering judgement, data available
from site investigations to date, conceptual soil cleanup
levels, ground-water discharge standards, and the results of
the treatability work conducted during this phase of work.

We have evaluated costs for alternative interim remedial
alternatives as presented in Section 3.0. For the purposes of
these cost estimates, the primary processes for treatment of
ground water are anticipated to be biological oxidation for
VOC- and SVOC-affected ground water, with a chemical
precipitation step for removal of extracted arsenic-affected
ground water. Costs for the various containment options
(passive and active) have been prepared based on
implementation of these ground-water treatment technologies.
Final evaluation of applicability of these technologies would
be made during the design period to confirm and more
accurately estimate the costs and feasibility for the
implemented interim remedial measures.

4.2 Capital Costs

The capital cost estimates developed for this evaluation
include equipment and construction costs and engineering and
permitting costs. The costs for further subsurface
investigation (if required), regulatory interface, or permit
fees have not been included in this evaluation because they
are unknown at this time and relatively uncertain. A
contingency factor, however, has been included in the cost
estimates to cover some or all of these unknown costs.

The cost estimates have been developed from vendor and
contractor quotes, treatability studies, a historical cost
database, cost estimating manuals, and best engineering
judgment. The reasons for the large range are based on (1}
current site subsurface conditions, which cannot be fully
characterized with respect to the extent and types of
contamination and therefore cannot be expected to accurately
reflect actual subsurface conditions, and (2) the complexity
of regulatory issues and the possibility for significant
change in regulatory requirements in the future, which would
be expected to influence remedial efforts. Although some of
these costs are not literally capital costs (i.e.,
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construction management, engineering, and permitting), they
have been included to Clearly represent one-time initial costs

versus longer term annual operations and maintenance (O&M)
costs.

4.3 Operations and Maintenance

The O&M cost estimates developed for this evaluation include
carbon, equipment, chemicals, laboratory, and power and waste
disposal costs. The operations and maintenance cost estimates
do not include necessary regulatory interface and permit fees.
These estimates have been developed from vendor quotes,
treatability studies, a historical cost database, cost
estimating manuals, and best engineering judgement.

O&M costs can vary greatly depending on quality of the
installation, inspection, specified equipment, preventive
maintenance, and more important site-specific treatment
efficiencies. Estimated O&M costs have been developed for
each alternative. We have developed these cost projections

based on preliminary estimated removal rates of chemicals from
ground water and soil.

To provide an equitable way to evaluate alternatives with
different capital and O&M costs, we have presented 0&M costs
on a present worth basis. The present worth has been

calculated on a net interest rate (interest minus inflation)
of 5 percent.

For purposes of cost comparison between the alternatives,
duration of the site remedial measures has been assumed to be
20 years. The actual duration for the interim remedial
measures is uncertain because of limitations of the site data
and the technical and regulatory complexities which make
prediction of cleanup time uncertain. To refine the cleanup
time estimates for remedial alternatives, additional
hydrogeologic modeling could be conducted as additional and/or
supplemental data become available.

4.4 Alternatives Cost Apalysis

Detailed costs for the five alternatives are presented in
Tables 16 through 23. A comparative summary of all the costs
are presented in Table 24. The following provides a brief
description of the costs for each alternative.
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4.4.1 Alternative 1: Hydraulic Containment with Full Bource
(8oils) Excavation and Disposal

The estimated capital and O&M costs for Alternative 1, are
presented in Tables 16, 17, and 18. Alternative 1 provides
hydraulic control using ground-water extraction and treatment
without engineered containment measures. As a result, source
area soil remediation using excavation/disposal is assumed.
This alternative (and Alternative 2) has the highest estimated
extraction flow rates of all the alternatives and subsequently
the highest annual 0&M costs of $256, 000 per year. This
alternative also has the highest overall capital cost of all
the alternatives, with an estimated capital cost of $18.6

million. The estimated present worth for this alternative is
$21.8 million.

4.4.2 Alternative 2: Hydraulic Containment with FPull Source
: (80ils) Treatment

The estimated capital and O&M costs for Alternative 2 are

' presented in Tables 16, 17, and 19. Alternative 2, as with

Alternative 1, provides hydraulic control using ground-water
extraction and treatment without engineered containment
measures. Alternative 2 is similar to Alternative 1, with the
exception that source area soil remediation by treatment is
assumed instead of excavation and disposal. This alternative
(and Alternative 1) has the highest estimated extraction flow
rates of all the alternatives and subsequently the highest
annual O&M costs of $256,000 per year. The overall capital
cost of this alternative is an estimated %$4.5 million. The
estimated present worth for this alternative is $7.7 million.

4.4.3 Alternative 3: Engineered Containment with Limited
Source (80ils) Treatment ) o i

The estimated capital and O&M costs for Alternative 3,
engineered containment of the arsenic-, VOC-, and
SVOC-affected area along with ground-water extraction and
treatment, are presented in Tables 20, 21, and 22.
Alternative 3 is based on engineered containment with limited
source treatment of soils. This alternative has the lowest
extraction rate (identical to Alternatives 4 and 5) and
subsequently the lowest annual O&M costs, estimated at
$125,000 per year. The overall capital cost of this

alternative is an estimated $4.5 million. The estimated

present worth for this alternative is $6.1 million.
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4.4.4 Alternative 4: Engineered Containment with “Hot Spotn
Arsenic Bource (8o0ils) Treatment

The estimated capital and 0&M costs for Alternative 4,
engineered containment of the arsenic-, vOoC-, and
SVOC-affected area along with ground-water extraction and
treatment, are presented in Tables 20, 21, and 23.
Alternative 4 is based on engineered containment with "hot
spot" treatment of arsenic-affected soils. This alternative
has the lowest extraction rate {identical to Alternatives 3
and 5) and subsequently the lowest annual O&M costs, estimated
at $125,000 per year. The overall capital cost of this
alternative is an estimated $3.6 million. The estimated
present worth for this alternative is $5.2 million.

4.4.5 Alternative 5: Bngineered Containment

The estimated capital and O&M costs for Alternative 5,
engineered containment of the arsenic-, VOC-, and
SVOC-affected area along with ground-water extraction and
treatment, are presented in Tables 20 and 21. Alternative 5
is based on engineered containment without treatment of soils.
This alternative has the lowest extraction rate (identical to
Alternatives 3 and 4) and subsequently the lowest annual O&M
costs, estimated at $125,000 per year. The overall capital
cost of this alternative is an estimated $2.3 million. The

estimated present worth for this alternative is an estimated
$3.9 million.
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5.0 RECOMMENDED INTERIM REMEDIAL MEASURE -~ ALTERNATIVE 5,
ENGINEERING CONTAINMENT

Selection of the recommended interim remedial measure has been
based on estimated cost of implementation, applicability of
the alternative, and perceived acceptance by regulators. The
alternatives have been developed based on the concept that

they are equal in their ability to meet the stated remedial
goals for the project.

Alternative 5 would result in engineered containment of the
soils known to be affected on site. This alternative would
result in meeting the stated interim remedial goals for the
site (i.e., to reduce the potential for exposure pathways from
the affected soils and ground water, contain the affected
ground water on site, and control source areas to minimize
further ground-water impacts). Because affected materials on
site would be contained through engineered remedial measures,

it is anticipated the regulatory agencies may not require
active remediation of soils on site.

Based on the stated remedial goals, cost effectiveness and
other stated criteria, Alternative 5, Engineered Containment,
is the recommended interim remedial measure. This alternative
includes containment of the VOC-, SVOC-, and arsenic-affected
s0il and ground water. -

Alternative 5 is recommended for the following reasons:

* saturated soils, which have probably sorbed substantial
amounts of arsenic and organic compounds, would be
contained and this source of degradation of site ground
water, regardless of ground-water extraction and treatment
option selected, would be controlled

+ containment of chemical affected areas would mitigate
further off-site migration of ground water

+ containment provides control of the affected areas without
the need for soil treatment or disposal

* use restrictions (deed restrictions) could be imposed on

the property in conjunction with containment to prevent
potential future exposures as a result of site activities
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* containment would reduce the amount of ground water
requiring extraction and subsequent treatment, which meets
both requlatory concerns regarding excessive pumping of

ground water and reduces overall operational costs for
implementation

* this alternative could be implemented relatively quickly in
comparison to other alternatives, allowing for
implementation of interim remedial measures sooner.

This alternative has the lowest estimated capital cost of
$2.3 million and annual O&M costs of $125,000 per year with a
20-year present worth O0&M value of $1.56 million. The total
estimated present worth cost for this alternative is $3.9
million. Final evaluation of this alternative should be made
during the design period to confirm and refine the cost

estimates and feasibility for the recommended interim remedial
measure.
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€.0 BCHEDULE FOR IMPLEMENTATION

The estimated schedule for
Alternative 5 is presented
highly dependent on the tim

implementation of recommended
in Figure 19. This schedule is
e required to receive approval from

the regulatory agencies. We have assumed 4 months for

regulatory approval for purposes of this evaluation.

As a

result, it is anticipated to take approximately 18 months to

completion of construction.
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TABLE 1

SUMMARY OF SITE SOIL AND GROUND-WATER INVESTIGATIONS

Date

Description

1987

Sherwin-Williams changed site manufacturing operations and dismantled two chemical

tank storage facilities, inclixding an oils tank storage area and s solvent tank
storage area.

. 1988

Sherwin-Williems conducts a preliminary investigation to evaluate potential
environmental impacts to soil in the former tank storsge area. The investigation
includes dritling three soil borings in the former oils tank storage area and three
soil borings in the former solvent tank storage ares. Eleven soijl samples were
submitted for analysis using EPA Methods B240 and 8270 for organic compounds, and
CAM Title 22 metals. Laboratory results indicated the need for further
investigation to evaluate the extent of the sffected aress.

1989

LevinesFricke contracted to conduct a Phase I investigatiocn of soil and ground-water
quality in the former tank storage areas. Nine soil borings were drilled and seven
shallow monitoring wells were instslled in on-site areas. The results of the
taboratory snalyses of seoil and ground-water ssmples indicated that both soil and
ground water has been affected by a range of volatile orgenic compounds (VOCs) and
semivolatile organic compounds (SVOCs), and some inorganic compounds, notably
arsenic snd lead. The results of the Phase I investigation were reported to the San
Francisco Bay Regionel Water Guality Control Board (RWACB) snd the Alameda County
Health Department (LevinesFricke July 17, 1989}. :

1989 - 1990

A Phase II investigation wes conducted to gather further information on the lateral
and vertical extent of detected chemical compounds in soil and ground water. This
phese of investigation included installing nine additional monitoring wells and
drilling 16 soil borings. Six of the wells were installed in the shallow A-zone and
three were installed in the B-zone. The results of the investigation helped
identify the direction of ground-water flow and the lateral snd vertical extent of
affected ground water in on-site areas. Further soil investigation was recommended
for an identified arsenic source area and for the former oils tenk storage area.

The results of the Phese I1 investigation were reported to the RWACB, the Alameda
County Health Department, end the City of Emeryville (LevinesFricke, April 4, 1990}.

“ 1990

A ground-water monitoring program was implemented to evsiuste ground-water quality
and ground-water flow directions in the A-zone and B-zone. Ground-water samples
were analyzed for organic compounds (EPA Methods 8240 and 8270) and inorganic
elements. Three additional A-zone monitoring wells were instslled off site,
downgradient from the Site. One additional B-zone well was installed upgradient
from the Site. Results of the ground-water monitoring were reported to the RWACB,
the Alameda County Health Department, and the City of Emeryville {LevinesFricke,
November 29, 1990).

| 19%0

An sdditional investigastion of the chemical compounds present in soil wes conducted
in the former oils tank storage ares, in the vicinity of a spill of Texanol, an
ester-alcohol -based gsolvent. Scil samples from nine soil boring were snatyzed for
VOCs and SVOCs using EPA Methods 8240 and B270. The results of these snalyses are
presented in this report.

1990 - 1991

An edditional investigation of arsenic in scil was conducted by drilling 41 borings
under the foundation of a dismsntled building, which has been used for the
production of arsenic-based compourkls in the early 1900s. The purpose of this phase
of investigation wes to help identify the Limits of the arsenic-affected soil.
Results of that investigation are presented in this report.
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Date Description ||
1990 - 1991 | An investigation was conducted to evaluate the extent of soil affected by a residual
tar/diesel-like compound identified in a peved parking area, on the western boundary
of the Site, in the vicinity of monitoring wells LF-10 and LF-B3. Eleven soil
borings were drilled and soil samples were analyzed using EPA Method 8015, The
results are presented in this report.
" 1990 - 1991 | Additional ground-water monitoring programs were conducted end the results were
reported to the RWGCB, the Alameds County Health Department, and the City of
Emeryville {LevinesFricke, April 22, 1991 and November 7, 1991).
1990 - 1991 | Treatability and engineering studies were conducted to evaluste a range of interim
remedial meosures for affected soil and ground water at the Site. The results of
this phase of work are presented in this report.
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TABLE 2
. RISTORICAL WATER-QUALITY DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS, EPA METHOD B240
(ALl concentrations expressed in milligrems per liter [mg/L]1}

Lab Methyl Total
well Date I.D. . Ethyl- Ethyl Total 2-Hexa- 1,11 1,2- Chloro- Quantified
Number Sampled Lsb  Number Acetone Benzene Benzene Ketone Xylemes none Toluene TCA DCA PCE TCE benzene Conc. Notes
CLF-1 01-Jun-89 BEC B9060194 30,000 <0.200 0.900 20.000 3.600 15.000 6.000 <0200 <0.200 <0.200 <D.200 <0.200 75.500
LF-1 07-Dec-89 B&C 12-212-1 <0,010 <0,001 <0.001 <0.020 0.040 <0.001 <0.001 <0.001 <0.001 0.002 <0.007 <0.001 0.042
LF-1 20-Jul-90 BEC O7-506-7 0.450 0.002 «<0.001 0.200 0.160 <0.001 0.018  <0.001  <0.001 0.005 0,004 <0,001 0,840 #2
LE-1 21-Jun-91 ANA 9106274-08 «<0.020 <0.005 0.019 <«0.020 0.010 <0.010 <0,005 <0,005 <0,005 0.002 <0,005 <0.005 0.032
LF-2 02-Jun-89 B&C 89060501 «<0.050 0.01% _ 0.015 <0.100 0,300 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 0.330
LF-2 07-Dec-B9 BEC 12-212-3 0.350 «0.020 <0.020 <«<0.400 0.840 <0.020 0.029 <0.020 «<0.020 <0.020 «<0.020 <«0.020 1.219
LF-2 20-Jul-90 BE&C O07-506-5 <0.500 <0.050 0.066 8.800 0.910 12,000 0.051 <0.050 <0,050 <D.050 «0.050 0.050 21.827
LF-3 02-Jun-8¢ B&C 89060502 <1.000 «0.100 2.500 <2.000 12.000 <0.100 17.000 <0.100 <0.100 «0.%00 <0.100 <G,100 31.500
LF-3 07-Dec-3F B&C 12-212-4 <5.000 <0.500 6.300 <10.000 32.000 «0.500 77.000 <0.500 <0.500 «0.,500 <0,500 <C.500 115.300
LF-3 20-Jul-90 B&C 07-506-6 10.000 0.110 5.000 7.700 22.000 1.900 52.000 <0,050 «<0.050 «<0,050 <0.050 <0.05D 98.710

LF-3 21-Jun-91 ANA 9108274-07  9.900  <1.000 7.500 8.200 44,000 <2.000 62,000 <1.000 <1,000 <1.000 <1.000 <1.000 139800

LF-4 02-Jun-89 BEC 89060503 1.300 <0.200 1.300  4.700 ~ 3.800 0.250 <0.200 «0.020 <0.020 «0.020 <0.020 <0.020 11.380

Dup 02-Jun-89 BEC B90S0504 1.300 <0.200 1.700 4.700 4.100 0.280 <0.020 «0.020 <0.020 <0.020 <0.020 <0,020 12.080
LF-4 06-Dec-89 BEC 12-174-1 <0.020 <0.020 0.200 <0.040 0.650 <0.002 «D.004 <0.002 <0.002 <«0.002 <0.002 <0,002 0.850
DUP 06-Dec-89 BEC 12-174-6 <0.050 <0.003 0.250 <0.100 0.750 <0.005 <0.005 <(.005 <0.005 «0.005 <0.005 <0.005 1.000
LF-4  20-Jul-$0 8&C 07-506-3 <1.000 <1.000 <0.100 <2.000 0.380 <0.100 <0.100 <0.100 <0.100 <«0.100 <0.100 <0.100 0.380
LF-& 21-Jun-91 AKA 9106274-02 0.079 0.039 0.058 <0.040 0.350 «<0.020 0.007 <0.010 <0.010 <0.010 <0.010 0.005 B.556
DUP 21-Jun-91 ANA 9105274-03  <0.D40 0.040 0.140 <D.040 0.380 <0.020 0.008 <0.010 <0.010 <0.010 <0.010 0.00& 0.5%4 #i

LF-5 01-Jun-39 BAC 89060192 220.000 <2.000 2.000 390.000 B.00D «2.000 300,000 «<1,000 <1,000. <1.,000 <2.000 <1.000 920.000
LF-5 0&-Dec-89 BEIC 12-174-4 51.000 <1.000 <1,000 320.000 «<1.000 «<1.000 310,000 <1.000 «1,000 «<1.000 <1.000 <1.000 681.000
LF-5 20-Jul-90 BAC 07-506-2 <10.000 <1.000 1.100 170.000 2.600 6,700 170.000 <1.000 <1.000 <1.000 <1.000 <1.000 350.400
LE-5 21-Jun-91 ANA ?108069-05 <20.000 <5.000 <3.000 «<20.000 5.400 <10.000 »200.00 <3.000 - <5.000 <5.,000 <5.000 <5.000 >200.000

LF-6 01-Jun-89 BEC 83060193 280.000 <1.000 6,000 470.000 210.000 <1.000 22.000 <0.200 «<0.200 «<0.200 «<1.000 <0.200 $88.000

LF-6 05-Dec-89 B&C 12-128-3 64.000 <1.000 5.000 320.000 17.000 <1.000 59.000 <1,000 <1,000 <1.000 <3.000 <1.000 465.000
LF-6& 20-Jul-90 BEC 07-506-4 200.000 <1.000 4.000 720.000 13.000 24.000 45.000 <1.000 <1,000 45.000 <1,000 <1.000 1051.000
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TABLE 2
HISTORTCAL WATER-QUALITY DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS, EPA METHOD B240
{All concentrations expressed in milligrams per liter [mg/L))

Lab Methyl Total
well Date . 1.D. Ethyl- Ethyl Total 2-Hexa- 1,1,1- 1,2+ Chlore- ouantified
Number Sampled Lab  Number Acetone Benzene Benzene Ketone Xylenes none Toluene TCA bDCA PCE TCE benzene Conc. Notes

LF-7 01-Jun-B9 B&C 89060191 <0.005 0.050 <0.005 <0.005 0.580 «0.005 0.270 <0.001 <0.001. <0.001 <0.005 <«<0.001 0.900
LF-7 06-Dec-B9 B&C 12-174-3 <0.010 0.031 0.052 <0.020 0.150 «0.001 0.003 «<0.001 «<0.001 <0.001 <0.001 0.007 0.243
LF-7 19-Jul-90 B&C O07-485-4 «<0.010 <0.001 0.007 <0.020 0.044 <0.001 «<0.001 <0.001 <0.001 <0.001 «<0.001 0.001 0.052
LF-7 20-Jun-91 ANA 9105251-06 «<0.020 0.081 0.045 <0.020 0.120 <0.010 «<0.005 <0.005 «<0.005 <0.005 <0.005 0.007 0.233

" LF-8 05-Dec-89 BEL 12-128-4 <0,010 <0.001 «<0.001 <0,020 «0.001 <0,001 0.003 <0,001 <0,001 <0.001 <«0.001 <0.001 0.003
LF-8 19-Jul-%0 B&C O07-4B5-5 <0,.010 <0.001 0.007 <0.020  0.002 <0.001 <0,001 <0,001 <0,001 <0,001 <0.001 0.001 ¢.010
LF-8 21-Dec-90 BEC 12-529-3 «0.010 «<0.001 <0.001 <0.020 <0.001 <0.001 «<0.001 <0.001 «<0.001 <0.007 <0,001 <0.001 <0.020
LF-8 20-Jun-91 ANA 910625%-07 <0.020 <0.005 <0.005 <0.020 <0.005 <0.010 <0.005 <0,005 <0,005 <0.005 <0,005 <0.005 <0.020
LF-9 05-Dec-89 BLC 12-128-1 <0.010 «<0.001 0.022 <0.020 <0.001 <0.001 0.003 «<0.001 <D.001 <0.001 <0.001 0.005 0.030
LF-9 19-Jul-90 B&C 07-485-6 «<0.010 <0.001 0.011 <0.020 0.002 «0.001 «<0.001 «<D.00% <D.001 <0.001 <0.001 0.004 0.017
LF-? 21-Dec-90 BAC 12-529-5 <0.010 «0.001 <0,001 <0,020 <0.00% <0,001 <0,001 <0,001 <0,001 <0.001 <0.001 <0.001 <0.020
LF-® 21-Jun-91 ANA 9106274-05 <0.020  <0.005 <0.005 <0.020 «<0.005 «D.010 <0.005 <0.005 <0.005 <D.005 <0.005 0,004 0.006
LF-10 07-Dec-B9 BRC 12-212-5 <0.010 <0.001 <0.001 <0.020 <0.001 <0.001 «<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.020
LF-10 19-Jul-90 BEC O7-485-7 <0.010 <0.001 <0.001 <«<0.020 <0.001 «<0.001 <0.001 «<0.001 <0.00% <0.00% <0.001 <0.001 <0.020
DUP 19-Jul-90 BEC 07-485-8 «<0.010  <0.001 «<0.001 <0.020 «<0.001 «<0.001 «<0.001 <0.001 <0.001 «<0.00% <0.001 <0.001 <0.020
LF-10 19-Dec-%0 B&C 12-529-6 «<0,010 <0,001 «<0.001 <0.020 <0.001 <0.001 <0.001 <D.001 <0,001 «<0.001 <0,001 <0,001 <0.020
DUP 19-Dec-%0 B&C 12-528-7  «<0.010 <0.001 <0.001 «0.020 <0.001 <0.001 <0.001 <0.001 «0.001 <0.001 <0.001 <«0.001 <0,020
LF-10 21-Jun-91 ANA 9106274-056 «<0,.020 <0.005 <0.005 «0.020 <0.005 <0.010 «<0.005 «<D.005 <0.005 <0.005 «<D.005 <0,005 <0.020
LF-11 05-Dec-89 BR&C 12-128-2 <0.010  <0.001 «<0.001 <0.020 «<0.001 <0.001 0.002 «0.001 «0.001 «0.001 <0.001 <0.001 0.002
DUP D05-Dec-89 BEC 12-128-5 <0.010 <0.001 «0.001 «0.020 <0.001 <D.001 «0.023 «<0.001 <0.001 <0.001 <D.DOtT <0.001 0.000
LF-11 19-Jul-90 BEC O7-485-3  0.015  <0.001 <0.001 <0.020 <«<0.001 <0.001 <«0.001 <«<0.001 <0.001 0.001 <0.001  <0.001 0.016
LF-11 21-Dec-%0 BEC 12-529-4 <0.010 <0.001 <0,001 <0.020 «<0,001 <0.001 <0,001 <0,001 «0.001 «<0.001 <0.001 <0.001 <0.020
LF-11 21-Jun-91 ANA P106069-03  <0.020 <0.005 <0,005 <0,020 <0,005 <0.010 <0.005 <0.005 <0.005 «<0.005 <0,005 <0.005 <0.020
DUP 21-Jun-$1 ANA 9106251-04 <0.020 «<0.005 <0.005 «0,020 <0.005 <0,010 «<0,005 <0.005 <«0,005 <«<0,005 «<0,005 <0.005 <0.020
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TABLE 2
KISTORICAL WATER-QUALITY DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS, EPA METHOD 8240
(ALl concentrations expressed in milligrams per liter [mg/L])

= EOTIETESSZIIZER

Lab Methyl Total
Well Date 1.D. Ethyli- Ethyl Total 2-Hexa- 1,1,1- 1,2- Chlore- Quantified
Number Sampled Lab  Number Acetone Benzene Benzene  Ketone Xylenes none Toluene TCA DCA PCE TEE benzene Conc. Kates
LF-12 04-Dec-87 BiC 12-174-2 <0.010 <0.001 <0.007 <0.020 <0.001 <0.001 0.005 <0.001 <0.001 <0.007 «0.001 <«0.001 0.005
LF-12 18-Jul-90 BAC O7-444-5 <0.010  <0.001 «<0.001 <0.020 «<0.001 «<0.001 «0,001 <0.001 <0.001 0.009 0.002 <0.001 D.003
LF-12 19-Dec-90 B&C 12-474-5 <0.010  <0.001 <0.001 <«<0.020 «0.D01 <0.001 <0.001 «<0.001 <0.001 0.002  0.003 <0.00% 0.005
LF-12 19-Jun-%1 ANA 9106245-04 <0.020 <0.005 <0.005 <«<0.020 <0.005 <0,010 «<0.005 <D,005 <0,005 <0.005 0.002 <0.005 0.002
- LF-13 D&-Dec-89 B&C 12-174-7  <0.0%0 <0.001 «0.001 «<0.020 <0.001 <0.001 0.002 0.029 <0.001 «<0.001 <0.001 <0.001 0.031
© LF-13 18-Jul-90 B&C O7-444-4 <0.010 <0.001 <0.001 <0.020 0.001 <0.001 0.002 0.056 <0.001 0.001 <0.001 <0.001 0.080
" LF-13  19-Dec-90 BEC 12-474-4 «0.010 <0.001 <0.001 <0.020 <0.007 <0.001 <0.001 0.042  0.002 0.002 <0.001 <0.001 0.046 #3
LF-13  19-Jun-91 ANA 9106245-03 <0.020 <0.005 <0.005 <0.020 <0.005 <0.010 «0.005 0.032 «<0,005 <«0.005 <0,005 <0,005 0.032
" LF-14 04-Sep-90  BEC O7-444-4 <0.010 <0.001 <0,001 <0.020 «0.001 <0.001 <0.001 <0.001 <0.001 <0.0601 <0.001 <0.001 <0.020
© LF-14 21-Dec-90 B&C 12-505-7 <0.01C <0.009 <0.00% <0.020 «<0.001 «<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.020
T LF-14  20-Jun-91 ANA 91056251-08 . <0.020 <0,005 <0.005 <0.020 <0.005 <0.010 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.020
T LF-15 04-Sep-90 BEC 07-444-5 <0,010 <0.001 <0.007 <0.020 <0.001 «<0.001 <«0,0601 <0.001 <0,001 <0.001 <0.001 <0.00% <0.020
- LF-15 21-Dec-90 B&C 12-505-6 <0.010 <0.001 <(0,007 <0.020 <0.001 <0.001 <0.001 <D.001 <0.001 <0.001 <0.001 <0.00% <0.020
LF-15 20-Jun-91 ANA 9106251-09 <0.020  <0.005 <0,005 <0.020 <0.005 <0.010 <0.005 «<0.005 <0.005 <0.005 <0.005 «<0.00S <0.020
LF-16 04-Sep-90 B&C 07-444-6 <0.010 <0.001 <0.001 <0.020 <0.001 <0.001 <0.001 «<0.001 <0.001 <0.001 <0.001 <0.001 - <0.020
LF-16 20-Dec-90¢ B&C 12-505-5 <0.010  <0.001 <0.001 <0.020 «<0.00% «0.001 <«<0.001 <0.001 <0.001 <0.00% <0.001 <0.001 <0,020
TULF-16  20-Jun-91 ANA 9106251-10  <0.020  <0.005 <0.005 <0.020 <0.005 «0.010 <«<D.005 «<0.005 <0.005 <D.005 <«0.005 <0,005 <0,020
LF-B1 07-Dec-89 B&C 12-212-6 <0010  <0.001 <0.001 <0.020 <0,001 <0.001 <0,00% <0.001 0.051 <0.001 <0.001 <0.001 0.051
LF-B1 18-Jul-90 B&C 0Q7-444-9 <0.010 <0.001 <0.001 <0.020 <0.001 <0.007 <0.002 <0.001 0.17¢ 0.001 <«<0.001 <0.001 0.174
LF-B1 20-Dec-9¢ B&C 12-505-4 <0010 <0.001 <0.001 <0.020 <0.001 <D.001 <0.001 <0.001 0.130 <0.001 <0.001  <0.001 0.130
LF-B1 20-Jun-91 ANA 9106251-05 <0,020 <0.005 <0.005 <0.020 <0,005 <0.010 <0.005 <0.005 0.180 <0.005 <0.005 <0.005 0.180
LF-B2 D6&-Dec-89 BEC 12-174-5 <0,010  <0.001 <0.007 <0,020 0.013  <0.001 <0.001 <0.001 0.007 <0.001 <0.001 <0.001 0.020
LF-B2 18-Jul-90 BEC 0Q7-444-6 <0,010  <0.001 <0.001 <0,020 <0.001 ~<0.001 0,002 <0.001 0.007 <0.001 <0.001 <0.001 0.009
DUP 18-Jul-%0 BEC O7-444-7 <0.010 <0.001 <0,001 <0.020 <0.001 <0.001 0.002 <0.001 0.007 <0.001 <0.0071 <0.001 0.009
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TABLE 2
HISTORICAL WATER-QUALITY DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS, EPA METHOD 8240
(AlLL concentrations expressed in milligrams per liter [mg/L1)

Lab Kethyl Total
Well Date 1.D. Ethyl- Ethyl Total 2-Hexa- 1.1,1- 1,2 Chlore- Quantified
Number Sampled Lab  Number Acetone Benzene Benzene Ketone Xylenes none Toluene TCA DCA PCE TCE benzene Conc. Notes
LF-B2 19-Dec-90 BEC 12-474-6 <0.010 <0.001 <0.001 <0.020 <0.001 «0.001 <0,001 <0,001 0.004 0.002 <0.001 <0.001 0.006
LF-B2 20-Jun-91 ANA 9106251-04 <0.020 <D.005 <0.005 <0.020 <0.005 <0.010 <D.005 <0.005 0.006 <0.005 <0.005 <0,005 0.006
LF-B3 07-Dec-89 B&C 12-212-3 <0.010 <0.001 <0.007 <0.020 <0.001 0.001 <0.00%1 <0.001 0.100 <0.001 <0.001 <0.001 0.101 #1
DUP 07-Dec-89 B&C 12-212-10 <0.010  <0.001 «<0.001 <«0.020 «<0.001 «<0.001 <0.001 «0.00% 0.073 «<0.001 <D.001 <0.001 0.073
LF-B3 18-Jul-90 BEC O07-444-8 <0.010  <0,00% <0.001 <«<0.020 <0.001 <0.001 0.002  <0,001 0.086 «0,00% <«<0.001 <0.001 0.088
LF-B3 20-Dec-90 BEC 12-505-3 «0,010 «<0.001 <0.001 <«<0.020 <0.001 <0.001 «<0,001 <0.001 0.084 <0.001 <«<0,001 <0,001 0.084
LF-B3 19-Jun-91 ANA 91046245-05 «0.020 <0.005 <0.005 <0.020 «D.005 <0.010 <0,005 <0,005 0.110 <0.005 <0.005 <«0.005 0.110
LF-B4 18-Jul-90 B&C O7-444-3 «0.010  «0.001 <0.001 <0.020 <0.001 <«0,001 0.002 <0.001 0.001 «0.001 <0.001 «<0.001 0.003
LF-B4 19-Dec-90 BRC 12-474-3 «0.010 «0.009 <0,001 <0,020 <0.001 <0.001 0.002 <0,001 «<0,00% <0,001 «0,001 <0,001 0.002
LF-B4 19-Jun-91 ANA 9106245-01 <0.020 <0.005 «0.005 <0.020 <0,005 «<0.010 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.020
FIELD BLANKS & TRIP BLANKS )
LF-1-FB D01-Jun-85 B&C B9060195 0.012 <0.001 <0,001 <0,020 0.004 <«<0.001 <0.001 <0.001 «<0,001 «0.001 <0.001 <0.00% 6.016
Lﬁ-1-FB 07-Dec-89 B&C 12-212-2 <0.030  <0.001 <0,001 <0,020 <0,001 «0.001 «<0,001 <0.001 <0,001 <0,001 <0.001 <0,001 <0,020
LF-B1-FB 07-Dec-89 BEC 12-212-7 <0.010  <0,001 <0,001 <0.0620 <0,001 «<0.001 <0,001 <0.001 <0,001 <0,001 <0.001 <0.001 <0,020
LF-13-F8 05-Dec-89 B&C 12-174-12 <0.010  «0.001 «0,001 <0.020 <0.001 «<0.001 «<0.001 <0.001 «<0,001 <0,001 <0.001 <0.001 <0,020
Trip Blank 07-Dec-89 B&C 12-212-9 <0.010  «<0,001 <0001 <0.020 <0.001 «<0.001 «<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.020
L}-Bé-TB 18-Jul-90 BEC O07-444-1 «0.010 <0,001 <0.001 <0;020 <0.001 <0.001 <0.001 «<0.001 <0.001 <0.001 <0.001 <0.001 <0.020
LF-B4-BB 18-Jul-%0 B&C 07-444-2 <0.010 <0,001 <0.001 <0.020 <0.001 <0.001 «<0.00%1 <0.001 «0.001 <0.001 <0.001 <0.001 <0.020
LF-11-T8 19-Jul-90 B&C 07-485-1 <0.010  <0.001 <0001 <0.020 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.020
LF-11-BB 19-Jul-90 B&C 07-485-1 <0.010  <0.001 <0.001 <0.020 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0.00% <0.020
L?:B&-BR 19-Dec-90 BRC 12-474-2 <0.010 <0,001 <0.001 <0.020 <0.001 <0.001 <0.001 <0.001 <0.001 «<0.001 <0.001 «<C.01 <0.020
LF-8-T8 21-Dec-90 BRC 12-529-1 <0.010  <0.001 <0.001 <0,020 «0.001 <0,001 «0.001 <C.001 <«0.001 <0.001 <«<0.001 <«0.001 <0.020
LF-8-BR 21-Dec-90 BEC 12-529-2 <0.010 <0.001 <0,001 <0.020 <0,.001 <0.001 «<0,001 <0.001 <0,001 <0.001 <0.001 <«0,001 <0,020
LF-B3-BR 20-Dec-90 B&C 12-505-2 <0.010 <0.001 <0.001 <0.020 «<0.001 <0.00% «<0.001 <0.001 <0.001 <0.001 <0.001 <0.001 <0,020
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TABLE 2
HISTORICAL WATER-QUALITY DATA SUMMARY
VOLATILE ORGANIC COMPOUNDS, EPA METHOD 8240
(All concentrations expressed in milligrams per lLiter [mg/Ll)

xxxxx = =Z=EED EEmssEmsrnEEmmaa

Lab Methyl Total
Well Date 1.D. Ethyl- Ethyl Total 2-Hexa- 1,1,1- 1,2- Chloro- Quantified
Number sampled Lab Number Acetone Henzene Benzene Ketone Xylenes none Teluene TCA DCA PCE TCE benzene Conc., Notes
LF-B3-BR" 19-Jun-91 ANA 910&245-6 «0.020 <0,005 <0,005 <0.020 <0.005 <0.010 <0.005 <«0,005 «<D.005 «0.005 <0.005 <0.005 <0,020
LF-11-BR  20-Jun-91 ANA 9106251-2 «<0.020 <0.005 <0.005 <0,020 <0.005 <0.010 <0.005 <0.005 <0.005 <0.005 <0.005 <0.005 <0.020
LF-4-TB 24-Jun-91 ARA 9106274-1 <0.020 <0.005 <0.005 <0.020 <0.005 «<0,010 «<(.005 «0.005 <0,005 <0.005 <D,005 <0.005 <0.020
Trip Blank 05-Aug-91 ANA 9108069-1 <0.020 «<0.005 «0.005 <0.020 <0,005 <0.010 <0.005 <0.005 «<0.005 <0.005 <0.005 <0,005 <0,020

EEg=s g

Explanation of Symbols and Abbreviations:

" ¥ Signifies that there is a note of explanation for laboratory results.
BEC: BC Analytical (formerly Brown and Caldwell) Laboratory, Emeryville, California.
ANA: Anametrix Laboretory, San Jose, California

DUP = Duplicate Sample

1,1,1-TCA = 1,1,1-Trichloroethane
1,2-DCA = 1,2-Dichlorosthane

PCE = Tetrachloroethene

TCE = Trichloroethene

MOTES:
#1  LF-B3 6/02/89 - Vinyl Acetate reported at 0.001 mg/L, Styrene reported at 0.001 mg/L, and Methyl Isobutyl Ketone reported at 0.001 mg/L.
LF+} 7/20/90 - cis-Dichloroethene reported at 0.001 mg/L.
LF-13 12/19/90 - 1,1-Dichloroethane reported at 0.002 mgsL.
LF-4 DUP 06721791 - c¢is-1,2-Dichlorcethene reported at 0.020 mg/L.

b I
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SEMIVOLATILE ORGANIC COMPOUNDS, EPA METHOD 8270

TABLE 3
HISTORICAL WATER-QUALITY DATA SUMMARY

{All concentrations expressed in milligrams per Liter [mg/L])

Sampled

Lab

I.D. Type of

Lab  Number Analysis

2-Methyl -

naptha-
lene

Naphtha-

4-Methy(~

2,4-Di-
methyl -

Bis(2-ethyl-
hexyl)-
phthalete

Total ALl
Quantified
Concentrations

LF-2
LF-2
LF-2

LF-3
LF-3
LF-3
LF-3

LF-4
Duplicate
LF-&4
Duplicate
LF-4

LF-4

oup

LE-5
LF-5
LF-5
LF-5

LF-6
LF-é

07-Dec-89
20-Jul-90
21-Jun-9

02-Jun-8%9
07-Dec-89
20-Jul-90

02~ Jun-89
07-Dec-39
20-Jul - %0
21-Jun-91

02-Jun-89
02-Jun-B%
06-Dec-B9
06-Dec-89
20-Jut -90
21-Jun-91
21-Jdun-91

01-Jun-8¢9
06-Dec-89
20-Jul-%0
06+ Aug-91

05-Dec-89
20-Jul-%0

1563 /RHWSVOC. Wa 1

ANA 7106274-08

BP0&0501
12-212-3
07-5056-5

12-212-4
07-506-6
ANA 9106274-07

BEC
B&C
B&C
BAC 89050502
B&C
B&C

89060503
89060504
12-174-1
12-174-6
BEC 07-506-3
ANA 9106274-02
ANA 9106274-03

BEEE

BEC B9040192
B&C 12-174-4
B&C 07-506-2
ANA 91080469-05

B&C 12-128-5
B&C 07-506-2

a2
8270
8270

82n
azrn
4270
8270

2270
8270
8270
8270
az2m
8270
8270

3270
am
8270
8270

8270
8270

«0.002
<0.011

<0,100
<0.020
«0.020

0,034
<0.020
<0.020
<0.110

0.016

G.009
<0.002
<0.002
<0.002
<0.011
<0.011

<0.004
<0.002
<0.020
<0.050

<0.040
«<0.020

2-Methyl-
Fhenol phenol
<0.020 0.011
<0.020 <0.010
0.011 <0. 005
«0.011 <0,011
<0,500 <0.200
<0.100 <0.050
<0.100 «<0,050
<0.100 0.020
<0.100 0.070
<0.100 0.240
0.039 0.210
<0.010 <0.0%0
<0.010 <0.010
<0.010 <0.005
<0.010 <0.005
6.015 <0.005
<0.011 <0.011
<0.01% <0.011
«0.020 0,220
0.05& 0,280
<0.100 0,280
<0.050 0.180
0.380 0.160
0.200 0,280
Fage 1

<0,010
<0.010
<0,010
<0.010
<0.010
<0.011
<0.011

0.600
0.790
0.850
0.250

1.000
0.850

<0.005
<0.005
<0.005
<0.005
«0.005
<0.011
<0.01

<0,005

0.03%
<0,050
<0.050

<0.100
<0,050

<0.040
*<0.170
<0.020
<0.011

«<1.000
<0.200
<0.200

«0.020
<0.200
<0,200
<0.110

<0,200
<0,200
*<0,170
*<0,170
<0,020
<0.011
<0.011

<0.040
*<0.170
<0.200
<0.050

<0.400
<0.200

¥1

#2

12-Dec-?1



SEMIVOLATILE ORGANIC COMPOUNDS, EFA METHOD 8270

TABLE 3
HISTORICAL WATER-QUALITY DATA SUMMARY

(All concentrations expressed in milligrams per liter [mg/L])

e

4-Methyl-
phenol

2,4-Di-
methyl -

Bis{2-ethyl-
hexyl -
phthalate

Total ALl
Quantified
Concentrations

Notes

LF-12
LF-12
LF-12

20-Jun-91

05-Dec-89
19-Jul-90
21-Dec-%0
21-Jun-91

05-Dec-89
19-Jul-90
21-Dec-90
2i-Dec-90
25-dun-91

05-Dec-89
08-Aug-%0
21-Dec-90
21-Jun-91
20-Jun-91

06-Dec-8%
18-Jul-90
19-Dec-90

1563 /RMWSVOC . Wa 1

ANA

B&C
B&C
BEC
ANA

B&C
BEC
BEC
ANA

EEEE

ANA

B&C
B&C
BEC
ANA
ANA

B&C
B&C
B&C

Lab 2-Methyl-
I.D. Type of naptha-
Humber Analysis lene
89060191 azro <0.004
12-174-3 8270 <0.002
08-171-3 8270 ----
2106251-06 B270 «0.013
12-128-4 azro <0.002
08-171-4 8270 =---
12-529-3 8270 <0.002
9106251-07 8270 <0.013
12-128-1 8270 <0.002
07-485-6  B270 <0.002
12-529-5 8270 <0.002
106274-05 8270 <0.010
12-128-1 az70 <0.002
07-485-8 8270 <0.005
12-529-6 8270 <0.002
12-529-7 8270 . <0.002
910627406 8270 <0.010
12-128-2 8270 <0.002
08-171-5 §270 ----
12-529+4 8270 «0.002
9106251-03 8270 «0.010
9106251-04 8270 <0.010
12-174-2 8270 <0.002
07-444-5 8270 <0,002
12-474-5 82710 <0.002

<0.010

0.140
<0,002
<0,002
<0,002
<0.010

<0.002
<0.002
<0.002
<0.010
<0.010

<0.002
<0,002
<0.002

2-Methyl-"
Phenol phenol
<0.020 <0,010
<0.010 <0.005
<0.010 e
<0,013 <0.013
0.380 <0.005
<0.010 -
<0.010 <0.005
<0.013 <0.013
<0.010 <0.005
<0.010 <0.005
<0.010 <0.005
<0.010 <0.010
«0.010 <0.005
<0.010 <0.005
<0.010 <0.005
«<0.010 <0.005
<0,010 <0.010
<0.010 <0.005
<0,010 -
<0.010 <0,005
<0.010 <0,010
<0.010 <0.010
<0.010 <0,005
<0.010 <0,005
<0,010 «0.005
Page 2

<0.010
«(,010

<0.010
<0.010
<0.010
<0.010

<(¢.010
<0.010
<0.010

<0,005
<0,00%
<0.005
<0.010
<0.010

«0.005
<0.005
<0.005

<0.040
*<0,170
<0.020
<0.013

*<0,170
«0.,020
<0.020
<0.013

*<0.170
<0.002
<0.020
«¢.010

*<0.170
<0.002
<0.020
<0.020
<0,.010

*<0.170
«0.020
0.034
<0.010
<0.010

*<0,170
0.028
<(.020
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TABLE 3
HISTORICAL WATER-QUALITY DATA SUMMARY
SEMIVOLATILE CRGANIC COMPOUNDS, EPA METHOD B270
(ALl concentrations expressed in milligrams per liter [mg/Ll1)

ECT Y ET prpopa - s OoEEEmmm—=

Lab 2-Methyl- 2,4-Di- Big(2-ethyl- Total ALL

Well Date 1.0. Type of naptha- Naphtha- 2-Methyl-  4-Methyl- methyl - hexyl}- Quantified
Nurber Sampled Lab Number Anslysis lene lene Phenol phenol phenol phenol phthalate Concentrations Nates
LF-12 19-Jun-91 ANA $106245-04 8270 <0.012 <0,012 <0.012 <0.012 <0.012 <0.012 «0,012 <0,012
LF-13 06-Dec-B9 BEC 12-174-7 8270 <0,002 <0.002 <0.010 <0, 005 <0.010 <0.005 *<0.170 <0.020
LF-13 1B-Jul-90 B&C O07-444-4 8270 <0,002 <0.002 0,010 <0.005 <0.010 <0.005 «0.020 <0.010
LF-13 19-Dec-90 BRC 12-4T4-4 8270 <0.002 «0,002 <0.010 <(.005 <0.010 <0. 005 <0,020 <0.020
LF-13 19-Jun-91 ANA 9106245-03 8270 <0.010 <0.010 <0.010 <0.010 <0.010 <0,010 <0.010 <0.010
LF-14 O04-Sep-90 B&C 09-014-1 8270 <0,005 <0.002 <0.010 <0.005 <0,010 <0.005 <0.020 <0.020
LF-14 20-Dec-%0 B&C 12-505-7 8270 «0.002 «0,002 <0.010 <0,005 <0.010 <0,005 <0,020 <0.020
LF-14 20-Jun-91 ANA 9106251-08 B270 <0.01 <0.011 <0.011 <0,011 <0.011 «0.511 <¢.011 0.000
LF~15 04-5ep-90 BEC 09-014-2 8270 <0,005 <0.002 <0.010 <0.005 <0.010 <0.005 <0.020 <0.020
LF-15 20-Dec-90 B&C 12-505-6 8270 <0.002 <(.002 <0.010 <0.005 <0.010 <0.005 <0,020 <0,020
LF-15 20-Jun-91 ANA 9106251-09 8270 <0.011 <0.0%% <0.011 <0.011 <0.011 <0.011 <0.011 <0.011
LF-16 D4-Sep-90 BEC (9-014-3 8270 <0.005 <0,002 <0.010 <0.005 <0.010 <0, 005 <0.020 <0.020
LF-16 20-Dec-90 BEC 12-505-% 8270 <0.002 <0,002 <0.010 «<0.,005 <0.010 <0, 005 <0.020 <0.020
LF-16 20-Jun-%1 ANA 9106251-10  B270 <0.011 <0.011 <0.011 <0.011 <0.011 <0.011 <0.011 <0.011
LF-81 07-Dec-8% BEC 12-212-6 8270 <0.002 <0,002 <0.010 <0,005 <0.010 <0,005 *<0.170 <0.175
LF-B1 18-Jul-90 BEC 07-444-9 8270 <0.005 <0,002 0.460 <0,005 <0.010 <0,005 0.140 0.600
LF-B1 20-Dec-90 B&C 12-505-4 8270 <0.002 <0,002 0.041 <0,005 <0.010 -<0,005 0.045 0.086
LF-B1 20-Jun-91 ANA 9106251-05 8270 <0.011 <0.011 <0.011 «0,011 <0.011 <0.011 <¢.011 <0.011
LF-BZ 0&-Dec-B9 B&C 12-174-5 8270 «0.002 <0.002 <0.010 <0.005 <0.010 0.029 *<0.170 0,029
LF-82 18-Jul-90 BEC 07-444-5 8270 <0,005 <0.002 0.14C <0.005 <0.010 <0.00% 0.032 0.172
LF-B2D 18-Jul-90 BRC O07-444-7 8270 <0.005 <0.002 0.088 <0, 005 «<0.010 <0.005 0.040 0.148
LF-82 20-Dec-90 BEC 12-474-6 8270 <0.005 <0,002 <0.010 <0,005 <0.010 <0,005 <0.020 <0.020
LF-B2 21-Jun-91 ANA 9106274-04 B270 <0.011 <0.011% <0.011 <0.011 <0.011 <0.011 0.018 0.018
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TABLE 3

HISTORICAL WATER-QUALITY DATA SUMMARY

SEMIVOLATILE ORGANIC COMPOUNDS, EPA METHOD 8270

(ALl concentrations expressed in milligrams per Liter [mg/L))

Lab 2-Methyl- 2,4-Di- Bis(2-ethyl- Total All
Well Date 1.0. Type of naptha- Naphtha- 2-Methyl-  4-Methyl- methyl - hexyl)- Quantified
Number Sampled Lab Number Analysis lene lene Phenol phenol phenol phenol phthalate Concentrations Notes
LF-B3 07-Dec-89 B&C 12-212-10 8270 <0.002 <0,002 <0.010 <0.005 <0.010 <0,005 *<0.170 <0.020
LF-B3 18-Jul-90 B&EC 07-444-6 8270 <0.005 <0.002 <0,010 <0.005 <0.010 <0.00% 0.1%0 0.1%0
LF-B3 20-Dec-90 BEC 12-505-3 8270 <0.002 <0,002 <0.010 <0.005 «0,010 <0.005 <0.020 <0.020
LF-B3 21-Jun-91 ANA 9106274-04 8270 <0.011 <0.011 <0.011 <0.011 <0,011 <0.011 <0.011 <0.011
LF-84 18-Jul-90 BEC O7-444-3 B270 <0.002 <0,002 <0,010 <0.005 <0.010 <0,005 0.023 0.023
LF-B4 19-Dec-%0 BEC 12-474-3 8270 «0,002 <0,002 <0.010 <0.005 <0.010 <0.005 <0.020 <0.020
LF-B4 19-Jun-91 ANA 9106245-01 8270 <0.010 <0,010 <0.010 <0.010 <0,010 <0.010 0.064 0.064
t
FIELD & TRIP BLAKKS
LF-1-FB 01-Jun-86 B&C BP0S0195 8270 <0.004 <0.004 «(.020 <0.016 <0.010 <0.005 <0.040 <0.020 '
LF-1-FB 07-Dec-89 BEC 12-212-2 8270 <0.002 <0.002 <0.010 <0,005 <0.010 «0.005 <0.020 <0, 020
LF-B1-FB O7-Dec-89 B&C 12-212-7 8270 <0.002 <0.002 <0.010 <0.005 <0.010 <0.005 <0.020 <0.020
Trip Blank 07-Dec-89 B&C 12-212-9 8270 <0,002 <0.002 '<0.010 <0, 005 <0.010 <0.005 0.035 0,035
LF-B4-TB  1B-Jul-%0 B&C 07-444-1% 8270 <0,002 <0.002 <0.010 <0,005 «<0.010 <0,005 <0.020 <0.020
LF-B4-BB  18-Jul-90 B&C 07-444-1 8270 «(.002 <0.002 «<0.010 <0.005 <0.010 <0.005 <0.020 <0.020
LF-7-BB 08-Aug-90 B&C 08-171-2 8270 === <0.002, <0,010 <0.005 - <0.005 <0.020 <0.020
LF-B4-8R  19-Dec-90 Q&L 12-474-2 8270 <0.002 <0,002 <0.010 <0.005 <0.010 <0.005 <0.020 <0.020
LF-B3-BR  20-Dec-90 B&C 12-505-2 8270 <0.002 <0.002 <0.010 «0.005 <0.010 <0.005 <0.020 <0.020
LF-8-TB 21-Dec-%0 BAC 12-529-1 B270 <0.002 <0,002 <0.010 <0,005 <0.010 <0.005 <0,020 <0.020
LF-8-8R 21-Dec-90 BEC 12-529-2 8270 <0,002 <0.002 <0.010 <0,005 <0.010 <(,005 <0,020 <0.020
LF-B3-BR  19-Jun-91 ANA 9106245-6 8270 <0.002 <0.002 <0,0t0 <0.005 <0,010 <0, 005 <0.020 <0.020
LF-11-BR  20-Jun-91 ANA 9106251-2 8270 <0.002 <0.002 <0.010 <0.005 «0,01¢ <0,005 <0.020 <0.020
LF-4-18B 21-Jun-91  ANA 9106274-1 8270 <0.002 <0,002 <0.010 <(0.00% <0.010 <0.005 <0.020 <(.020
1563/RMWSVOC . WQ 1 Fage & 12-Dec-91



NOTES TO TABLE 3:
Explanstion of Symbols and Abbreviations:

* indicates value not accepted ss valid bagsed on positive results of 0,035 mg/L for trip blank sampie.
(dectection Limit reported as 5 times 0.035 mg/L = 0.170 mg/L for indicated reporting period).
---- indicates results not reported by laboratory.
8270 = EPA Method 8270 for semivolatile arganic compounds.
Analytical Laboratories:
B&C: BC Anaiytical (formerly Brown and Caldwell) Laboratory, Emeryville, California.
ANA: Anametrix Laboratory, San Jose, California

NOTES:
#1 LF-3 02/06/89 - Lab Data Reported the Following: Acenapthene at 0.015 mg/l.; Anthracene at 0.005 mg/L; Benzo(a)enthracene at (.005 mg/iL;
Chrysene st 0.005 mg/L; Dibenzofurena at 0.017 mg/L; Fluoranthene at 0,015 mg/L;
fluorene at 0.016 mg/L; Phenanthrene at 0.044 mg/L; Pyrene at 0.018 mg/L.

#2  LF-5 07/20/90 - Benzoic Acid reported at 0,220 mg/L.
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TABLE &
TOTAL PETROLEUM HYDROCARBONS, MODIFIED EPA METHOD 8015
(Results Reported in milligrams per Liter (mg/L)

Well Neo.

Lab
1.D. No.

Total Petroleun

LF-4
LF-5
LF-4

LF-7
LF-8
LF-9

LF-10
Duplicate
LF-11

LF-12
LF-13

LF-14
LF-15
LF-16

LF-B1
LF-B2
Duplicate
LF-B3
LF-B4

20-Jul-~-90
20-Jyl~-%0
20-Jul-90

20-Jul -90
20-Jul-90
20-Jul-90

19-Jut -90
19-Jul =90
19-Jul-90

19-Jul-%0
19=Jut -90
19-Jul-90

18-Jul-90
18~dul =90

04-Sep~-90
04-Sep-90
04-Sep-90

18- Jul-9¢
18-Jul-90
18-Jul-%0
18-Jul-90
18-Jul -90

EEREEE EEE EE EEE BEE BEE EEE

FIELD BLANKS & TRIP BLANKS

LF-B4-TB
LF-B4-BB

LF-11-T8
LF-11-88

18-Jul-90
18-Jul -90

19-Jul-50
19-Jul-90

EE

58

07-444-1
07-444-2

07-485-1
07-485-1

110.0
520.¢
1500.0

<1.0
<1.0
«<1.0

<1.0
<1.0
<1.0

«<1.0
<1.0

<1.0
<1.0
<1.0

<1.0
<1.0
<1.0
<1.0
<1.0

<1.0

<1.0

<1.0
<1.0
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TABLE 5
HISTORICAL WATER-QUALITY DATA SUMMARY
ENGRGANIC ELEMENTS
(ALl concentrations expressed {n milligrams per liter [mg/L])}

Well Date Lab Type of
Number Sempled Lab 1.0. No. Analysis Arsenic Cadmium Copper Lead 2ing Barium Nickel

LF-1 01-Jun-89 B&C 89060194  200/7000 200,000 <0.0400 <0.08 <0.300 0.590 NA KA
LF-1 07-Dec-89 B&C 12-212-1 20077000 190,000 <0.0400 <0.08 <0,300 0.020 NA NA
LF-1 20~Jul~90 BLC 07-506-7  200/7000 120.000 <0.0500 <0.05 <0.200 0.260 0,060 NA
LE-1 20~ Jun-M ANA  9106274-08 20047000 58.000 <0,005 <0.025 0,004 0.236 NA 0.331
LF-2 02+ Jun-89 BEC 89060501  200/7000 2.600 <0,0400 <0.08 <0,300 ¢.010 NA NA
LF-2 07-bec-89 BZC 12-212-3  200/7000 17.000 <0,0400 <0.08 <0.300 <0.010 KA NA
LF-2 20-Jul-90 BLC 07-306-3  200/7000 110,000 <¢.0500 <0.05 <0.200 <0,050 0.450 WA
Lé-3  02-Jun-89 88C 89040502 200/7000 27.000 <0,0400 <0.08 <0,300 <0.010 NA NA
LF-3 07-Dec-8% B&C  12-212-2  200/7000 30.000 <0,0400 <0.08 <0,300 <0.010 KA NA
LF-3 20-Jul-%0 BE&C  07-506-6 200/7000 21,000 <0,0500 <0.05 <0,200 «0.050 0.420 NA
LF-3 20-Jun-91 ANA  9106274-07 20077000 60.400 <0,005 <0.025 <0,004 0.028 KA <0.005
LF-4 02-Jun-89 B&C 89060503  200/7000 0.530 <0.0400 <0.08 <0.300 <0,010 NA HA
Duplicate 02-Jun-89 BIC  B9060504  200/7000 0.580 «0.0400 <0,08 <0.300 7.000 NA HA
LF-¢  0&-Dec-89 B&C 12-174-1 20077000 0,420 <0.0400 <0.08 <0.,300 <0.010 NA NA
Duplicate  06-Dec-89 B&C 12-174-6  200/7000 0.550 <0,0400 <0.08 <0,300 0.010 KA NA
LF-4  20-Jul-90 BEC  07-506-3  200/7000 0.1%0 <0.0500 «<0.05 <0.200 <0.,050 0.1560 NA
LF-4 20-Jun-%1 ~ ANA 9106274-02  200/7000 0.510 <0.005 <0,025 0.015 0.071 NA <0.,005
LF-4-DUP 20-Jun-$1 ANA  9106274-03  200/7000 0.493 <0.005 <0.025 0.010 0.109 NA <0.005
LF-5 01-Jun-89 B&C 89050192  200/7000 0.017  <0,0400 <0.08 <0,300 . 0.040 HA NA
LF-5 06-Dec-59 B&C 12-174-2  200/7000 *<0,070 <0.0400 <0.08 <0,300 <0,010 NA NA
LF-5 20-Jul-90 " B&C 07-506-2  200/7000 0.020 <0.0500 <0.05 <0, 200- 0.050 0.170 NA
LF-5 20-Jun-9 ANA  9108069-05  200/7000 0.038 <0,005 <0,025 0.003 <(,020 CNA «0.,005
LF-6  01-Jun-3% B&C 89060193  200/7000 13.000 0.0%00 <0.08 .<0.300 0.120 NA WA
LF-6 05-Dec-89 B&C 12-128-3  200/7000 16.000 0.0500 <0.08 <0.300 <0.010 NA NA
LF-6 20-Jut-50 " B&C 07-5056-4  200/7000 14.000 <0.0500 <0,05 <0.200 0.060 0.210 NA
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CTABLE 5
KHISTORICAL WATER-QUALITY DATA SUMMARY
INORGANIC ELEMENTS
(Atl concentrations expressed in milligrams per liter [mg/L))

= CEETE S s=r=x . = EZEmmme 2. ====Ec ==y ==

well Date Lab Type of
Number Sampled Leb I.D. No. Analysis Arsenic Cadmium  Copper Lead Zine sarium Nickel
LF-7  01-Jun-89 BEC  BR0&DI91  200/7000 0.008  <«0.0400 <0.08 <0,300 <0.010 KA KA
LF-7  06-Dec-89 B&C 12-174-3  200/7000 *<0.070  <0,0400 <0.08 <0.300 0.020 A HA
LF-7  19-Jul-90 B&C  07-485-4 20077000 <0.002  <0.0500 <0.05 <0.200 <0.050 0.050 NA
LF-7  20-Jun-91% ANA  9106251-06  200/7000 0.012 <0.005 <0.025 <0.004 <0,020 NA <, 005
LF-8  05-Dec-89 B&C 12-128-4  200/7000 *<0.070  <0.0400 <0,08 <0.300 <0,010 NA NA
LF-8  19-Jul-%0 BEC  O7-485-4 20077000 <0,002  <0.0500 <0.05 <0.200 <0.050 0,120 NA
LF-8  21-Dec-90 BEC 12-529-3  200/7000 0.020 0.0015 0.09 <0.200 0.250 0.590 NA
LF-8  20-Jun-91 ANA  9106251-07 20077000 0,021 <0.005 0,025  <0.004 <0.020 NA <0.005
LF-9  05-Dec-89 B&C 12-128-1  200/7000 0.067  <0.0400 <0,08 <0.300 0.020 NA KA
LF-9  19-Jul-90 BEC  07-485-7  200/7000 0.008  <0.0500 <0,05 <0.200 <0.050 0.110 NA
LF-9  21-Dec-90 B&C  12-529-5  200/7000 0.120 0.0029 <0,05 <0, 200 0.730 0.270 NA
LF-9  20-Jun-91 ANA  9106274-05  200/7000 0.075 <0.005 <0.025 0,012 0.100 NA <0.005
LF-9  0&-Aug-%1 ANA  9108069-02  200/7000 0.131 NA NA HA NA NA NA
LF-10  07-Dec-89 BiC 12-212-5  200/7000 0.650  <0.0400 <0,08 <0.300 <0.010 NA KA
LF-10  19-Jul-90 B&C  07-485-7 200/7000 0.092  <0.0500 <0.05 <0.200 <0.050 0.110 NA
Duplicate  19-Jul-90 BA&C  07-485-8 200/7000 0.008  <0.0500 <0.05 <0.300 0.070 0,140 NA
LF-10  21-Dec-90 BAC 12-529-6  200/7000 1.000 0.000% <0.05 <0,200 <0.050 0.330 NA
Duplicate  21-Dec-90 B&C 12-529-7  200/7000 ~ 1,100 0.0007 <0.05 <0.300 0.070 0.350 NA
LF-10  20-Jun-91 ANA  9106274-06  200/7000 0.657 <0.005% <0.025 0.013 0,064 NA 0,008
LF-10  0&-Aug-91 ANA  9108069-02  200/7000 1.090 NA NA HA NA NA NA
LF-11 05-Dec-89 BEC 12-128-2  200/7000 *<0,070  <0.0400 <0,08 <0.300 0.020 NA NA
LF-11 19-dul -90 BEC  07-485-5  200/7000 0,007  <0.0500 <0.05 <0,200 <0.050 0.120 NA
LF-11 21-Dec-90 B&C 12-529-4 20077000 0,019 0.000& <0.05 <0.200 <0.050 0,180 WA
LF-11 20- Jun-91 ANA  9106251-06  200/7000 0.023 <0.005 <0.025 0.007 <0.020 NA 0.005
LF-1 20-Jun-91 ANA  9106251-07 20077000 0,024 «0.005 <0,025 0.006 <0.020 NA 0.007
LF-11 06-Aug-91 ANA  9108069-04  200/7000 0.021 NA NA NA NA NA NA
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TABLE &
HISTORICAL WATER-QUALITY DATA SUMMARY
INORGANIC ELEMENTS
(ALL concentrations expressed in milligrams per [iter [mg/L))

= EEZENE=ZET QX s =X

well Date Lab Type of
Nunber Sampled Lab 1.0. No. Analysis Arsenic Cadm{fum Copper Lead 2ing Barium Wickel
LF-12 0&-Dec-89 B&C 12-174-2  200/7000 *<0.070 <0.0400 <0.08 <0.300 0.020 HA NA
LF-12 18-Jul~90 BAC 07-444-5 20077000 0.004 <0.0500 «0.05 <0,300 <0.200 0.040 NA
LF-12 19-Jun-91 ANA  9106245-04  200/7000 <0.010 <0.005 <0.025 <0,004 <0,020 NA D.014
LF-13 05-Dec-B9 BLC 12-174-7  200/7000 “<0.070  <0.0400 <0,08 <0,300 0.020 NA NA
LF-13 18-Jul~90 BLC 07-444-4 20077000 . <0.002 <0,0500 <0.03 «0,200 <0.050 <(,050 NA
LF-13 19-Dec-%90 B&C 12-474-4  200/700C <0.002 <0,0005 <0,05 <0._200 <0,050 0. 100 WA
LF-13 19-Jun-91 ANA  9106245-03  200/7000 <0.010 . <0.005 <0,025 <0, 004 <0, 020 NA 0.013
LF-14 D4-Sep-90 BEC 09-014-1  200/7000 0.092 <0.0005 <0.005 0.007 <0.050 0.060 NA
LF-14 02-0ct-%0 _ B&C 10-034-2  200/7000 0,077 NA NA RA NA .NA KA
LF-14 2¢0+Dec-90 B&C 12-505-7  200/7000 0.150 0.0036 <0.050 <0.200 0.410 0.470 NA
LF-14 20-Jun-91 ANA  9104251-08  200/7000 0.095 <0.005 <0,025 <0.,004 <0.020 NA <0,005
LF-15 04-Sep-%0 B&C 09-014-2  200/7000 0.002 <0.0005 <0.005 0.043 <0,050 0,040 KA
LF-15  20-Dec-90 BEC 12-505-6  200/7000 0.007 0.0007 <0,05 <0,200 0.100 0.230 NA
LF-15. 20-Jun-™1 ANA  9106251-09  200/7000 <0,010 <0,005 <0.025 <0, 004 <0.020 HA 0.006
LF-16 D4~Sep-90 B&C 09-014-3  200/7000 0.003 <0,0005 <0005 <0,002 <0.,050 0.050 NA
LF-16 20-Dec-90 BEC 12-505-5 20077000 0.003 0.0007 <0.05 <0.200 0.670 0.170 NA
LF-16 20~ Jun-91 ANA  9105251-10  200/7000 0.010 <0.005 <0.025 <0, 004 <0.02¢ NA 0.018
LF-B1 07-Dec-89 BEC 12-212-6 "200/7000 *<0,070 <0,0400 <0.08 <0,300 <0.010 KA NA
LF-B1  18-Jul-%0 BLC 7-444-6  200/7000 0.007 <0.,0500 <0.05 - <0.2 <0,050 0.08 NA
LF-B81 20-Dec-90 B&C 12-505-4  200/7000 0.005 0.0010 <0.,05 <(,200 <0.050 0.100 NA
LF-81 20-dun-91 ANA 9106251-05  200/7000 <0.010 <0.,005 <0.025 0.004 <0.020 NA <(.005
LF-B2 0&-bec-8¢ B&C 12-174-5  200/7000 *<0.070 <0.0400 <0.08 <0,300 0.020 NA NA
LF-B82 18-Jul-90 B&L T-444-% 20077000 0.005 <0.0500 <0,05 <0,200 <0.050 0.140 KA
Duplicate 18-Jul-90 BLC T-4b4- 200/7000 0.004 <0.0500 <0.05 <0,200 «0.050 0.150 NA
LF-B2 19-0ec-90 B&C 12-474-6  200/7000 D.008  0.0026 <0.05 <0.200 0,170 0.320 NA
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TABLE 5
HISTORICAL WATER-QUALITY DATA SUMMARY
INORGANIC ELEMENTS
(ALl concentrations expressed in milligrams per Liter [mg/L])

Well Date Lab Type of

Humber Sampled Lab I.D. No. Analysis Arsenic Cadmium Copper Lead Zinc Barium Nickel
LF-B3-BR 19-Jun-91 ANA  9106245-04  200/7000 <0.010 <0.005 <0.025 <0.004 <0.020 NA <0,005
. LF-B4-T8 19-Jun-91 ANA  9106245-02  200/7000 <0.010 <0.005 <0.025 <0.004 <0.020 KA <, 005
LF-4-TB 20-Jun-91 ANA  9106274+-01  200/7000 <0.010 <0.005 <0,025 <0.004 <0.020 NA <0,005
LF-11-TB 20-Jun-91 ANA  9105251-01 20077000 <0.010 <0.005 <0.025 <0,004 <0.020 NA <0.005
LF-11-BR 20-Jun-91 ANA $106251-02  200/7000 <0.010 <0.005 <0.025 <0.004 <0.020 NA <0.005
Trip Blank  0&-Aug-91 ANA  9108069-01  200/7000 <0.010 NA NA «0,003 «0.020 NA NA

Notes:

* = Dpata not validated based on positive results of trip blank (0.074 mg/L) or bailer rinsate blank (0.013 mg/L} of submitted samples.
Detection Limit for arsenic for December 1989 sampling period set at 0.070 or 5 times the reported value of 0.014 mg/L for
trip blank sample, '

NA = Not Analyzed ,

200/7000 = EPA Method 200/5000/7000 Series for selected metals.

On June 13, 1991, & grab A-zone ground-water samples was collected from soil boring TS-2 in the srsenic source area and analyzed by
Anometrix for argsenic and lead. Analytical results Tndicated 320 mg/L arsenic and 0.17 mg/L lead.

Analytical Laboratories:
BEC: BC Analytical (formerly Brown and Caldwell) Laborstory, Emeryville, California.

ANA:  Anametrix Laboratory, San Jose, California
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TABLE 6

SUMMARY OF SOIL DATA FOR VOLATILE ORGANIC COMPOUNDS DETECTED IN THE FORMER OILS TANK STORAGE AREA
(ALL concentrations expressed in milligrams per kilogram {mng/kg)l

b3 BB Bt I B S

Other Total TIC & sQ TIC & s5Q Jotal TIC
Sample Lab Type of Ethyl- Total Quentified Quantified c5-c13 CTH14 VOC TIC/sQ
10 Date Lsb  [.D. No. Analysis Benzene Toluene TCE PCE Xylenes VOCs  Concentrations Hydrocarbons Hydrocarbon* Concentrations Kotes
SW-1A 14-Jul-88  GTEL 27179A 8240 6.900 0.800 <«0.005 <0,005 17.000 0.000 24.700 NR NR WR
SW-1C  14-Jul-88 GTEL  27180A 8240 <0.005 <0,005 <0.005 <0,005 <0.005 0.000 0.000 NR NR NR
S$W-28  14-Jul-88 GTEL 27181A . B240 32.000 13,000 <0.005 <0.005 450.000 0.000 495,000 NR NR NR
SW-20  14-J4ul-88 GTEL 27182A 8240 0.450 «<0.005 <0.005 <0.005 0.500 0.000 0.950 NR NR NR
SW-3A  14-Jul-88 GTEL 27183A 8240 <0.005 «0.005 <0.005 <0.005 &0.000 ¢.000 60.000 NR NR NR
. LF-2B  14-Jul-88 8 & C B90584814 8240 1.900 «<0.1 <0.1 <0.1 17.000 0.000 18.900 2,000,000 WD 2,000.000
$B-22-1.5-2.0 26-0ct-89 B & C 10-739-14 8240 <2.0 <2.0 <2.0 <2.0 <2.0 0.000 0.000 7,000,000 . KD 7,000,000
§8-22-3.5-4.0 26~0ct-8% B & C 10-739-22 8240 <0.1 <0.1 <0.1 <0, 1 <0.1% 0.000 0.000 400,000 ND 400,000
$8-23-1.5-2.0 26-0ct-89 B & C 10-739-15 8240 4.000 <2.0 <2,0 <2.0 72.000 0.000 76.000 10,000,000 ND 10, 000,000
. 58-23-3,5-4.0 26-Oct-B9 B & C 10-739-24 8240 <2.0 <2.0 <2.0 <2.0 <2.0 0.000 0,000 4,000,000 ND 4,000,000
§B-24-0,5-1.0 26-Oct-89 B & C 10-739-16 8240  140.800 270.000 <2.0 <2.0 580.000 0.000 990,000 500.000 ND 500.000
$B-41-2.0-2,5 28-Jun-90 B &k C 06-665-17 8240 <0.2 <0,2 <0.2 «0.2 <0.2 0,000 0.000 200.000 ND 200,000
$B-41-6.0-6.5 28-Jun-90 B & C 06-565-18 B240 «<0.8 <0,8 <0.8 <0.8 «<0.8 0.000 0.000 &,000.000 NO §,000.000
. 58-41-8.0-8.5 28-Jun-90 B & C D46-685-19 8240 <2 < <2 <2 <2 0.000 0.000 3,000,000 ND 3,000.000
$8-42-2.0-2.5 28-Jun-90 B & C 06-685-15 8240 - 0.300 <0.2 <0.2 <0.2 0.400 0.000 0.700 4,000,000 ND 4,000,000
$B-42-6.0-6.5 2B-Jun-90 B & C 06-665-16 8240 0.200 <0.2 <0,2 <0.2 <0.2 0.000 0.200 4,000,000 ND 4,000,000
$B-43-2.0-2.5 28-Jun-90 B & C 06-8665-14 8240 130.000 1.600 <0.2 «<0.2 400.000 0.000 531,600 9,000.000 ND 2,000.000
$B-45-2,0-2.5 28-Jun-90 B & C 06-665-20 8240 <2 <2 <2 <@ <2 0.000 0.000 6,000.000 ND 6,000.000
$B-45-6.0-6,5 28-Jun-90 B & C 06-665-21 8240 6.000 <4 <4 <4 35.000 0,000 41.000 20,000._000 ND 20,000.000
$B-45-8,0-8.5 28-Jun-90 B & C 06-645-22 8240 5.000 <4 <4 <4 4.000 0,000 2.000 9,000,000 ND %,000.000
EXPLANATION OF SYMBOLS AND ABBREVIATIONS: .
TIC & 50 = Tentatively Identified Compoundsnd (TIC) with semiquantified estimates of compound concentrations.
8240 = EPA Method 8240 for volatile organic compounds.
NA = Not analyzed,
ND = Not detected.
MR = Not reported.
TCE = Trichloroethene
PCE = Tetrachleroethene
_ Analytical Laboratory: BC Analytical, Emeryville, California.
NOTES:
#1 SB-43-2.0-2.5 - YIC C6-C13 Hydrocarbon at 9,000 mg/kg.
¥ 2 .5B-42-2,0-2,5 - TiC C&-C13 Hydrocarbon at 4,000 mg/ky.
#3  SB-42-6.0-6.5 - TIC C6-C13 Kydrocarbon at 4,000 mg/kg.
# 4 SB-41-2.0-2.5 - TIC C6-C13 Hydrocarbon st 200 mg/kg.
i#5 85B-41-6.0-6.5 - TIC C6-C13 Kydrocarbon at 8,000 mg/kg.
¥ 6 5SB-41-8.0-8.5 - TIC C6-C13 Hydrocarbon at 3,000 mgrkg.
¥ 7 SB-45-2.0-2.5 - TIC C6-C13 Hydrocsrbon at 6,000 mg/kg.
¥ B SB-45-6.0-6.5 - TIC C6-C13 Hydrocsrbon at 20,000 mg/kg.
#9 5B-45-8.0-8.5 - TIC C6-C13 MWydrocarbon at 9,000 mg/kg.
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TABLE 7

SUMMARY OF SOIL DATA FOR SEMIVOLATILE ORGANIC COMPOUNDS DETECTED IN THE FORMER OILS TANK STORAGE AREA
ALl concentrations expressed in milligrems per kilogram {mg/kg)]

E 31 zTFF

Other Total Total TIC
Sample Lab Type of 2-Methyl-  4-Methyl- Total Detected Quentified Semiguantified
1D Date 1.p. Ro. Analysis MNaphthalene phenotl phenol Phthalates VOC Compounds Concentrations Concentrations Note #

SW-1A  14-Jul-88 271798 8270 5.200 <0.3 «<0.3 6.900 NR 8.100 NR #1

SW-1C  14-Jul-88 271808 8270 11.000 <0.3 <0,3 1.400 4,300 16,700 NR #2

SW-28  14-Jul-88 27181B 8270 4.900 <0,3 <0.3 0.700 1,800 7.400 NR #3

SU-20  14-Jul-88 27182B azro 7.900 <0,3 <0.3 NR 3.100 - 11.000 NR #4

SW-3A  14-Jul-88 271B3B az70 <0.3 0.3 <0,3 1.000 NR 1.000 NR #
$B-22-3.5-4.0 26-0ct-89 10-739-22 8270 <0.1 «0,1 <0.1 NR 0.700 0.700 200.000 #5
58-23-3.5-4.0 26-0ct-89 10-739-24 8270 <0.1 <0.1 <0.1 NR 6.800 6.800 2,000,000 7
$8-41-2.0-2.5 28-Jun-90 D&-665-17 8270 <0.07 <0,07 <0.07 NA NR 0.000 100.0 #19
$8-41-6.0-6.5 28-Jun-90 0&6-655-18 8270 «0.07 <0.07 <0.07 RA 1.5 1.500 1,000.¢ ¥20
§6-41-8,0-8.5 28-Jun-90 0&6-665-19 8270 0.2 <0.07 <0.07 NA NR 0.200 6,000,0 #21
§B-42-2.0-2.5 28-Jun-90 06-865-15 8270 1¢.0 <0.03 <0.03 NA 1.4 11.400 1,000.0 ®7
$B-42-6,0-6.5 28-Jun-70  04-665-16 8270 0.6 «0.03 <0,03 NA 2.3 2.900 4,000,0 #18
$B-43-2.0-2,5 28-Jun-P0  06-665-14 8270 0.8 <0.03 <0.03 NA NR 0.800 : 700.0 #14
$B-44-2.0-2.5 2B-Jun-90 06-665-12 8270 1.1 <0.03 <0.03 NA 0.2 1320 9z7.0 #14
SB-44-COMP 28B-Jun-$0  06-665-13 8270 <0,2 <0.2 <0.2 NA NR 0.000 1,002.0 #15
58-45-2.0-2.5 28-Jun-90 D4-8645-20 8270 6.6 <0.2 <0.2 Nk 5.7 12,300 2,000.0 #22
§B-45-6.0-6.5 2B-Jun-90 056-6&5-21 8270 3.2 <0.07 <0.07 NA 3.9 7.100 1,000.0 #23
$8-45-8.0-8.5 28-Jun-90 04-6&5-22 8270 0.2 <0.07 <0.07 NA 0.3 0.500 800.0 24
§B-46-2.0-2.5 28-Jun-90 05-585-4 az70 <0.2 <0.2 <0.2 NA NR 0.000 1,300.0 #8
§8-46-6.0-6.5 28-Jun-90 D6-685-7 8270 5.5 <0.03 <0,03 WA 1.9 7.400 1,003.0 #
$B-47-2.0-2,5 28-Jun-90  06-665-8 8270 4.1 «0,2 <0.2 NA 1.1 5.200 121.0 #10
$B-47-6.0-6.5 28-Jun-90  056-8665-9 8270 0.1 <0.03 <0.03 NA 0.9 0.9%0 200.0 #11
$B-48-2.0-2.5 28-Jun-90  06-665-10 B270 0.1 <0.03 <0.03 NA NR 0.060 0.6 ¥12
$B-48-6.0-6.5 2B-Jun-90  046-665-11 8270 0.3 <0.03 «0.03 NA NR 0.260 70.0 #13

EXPLAKATION OF SYMBOLS AND ABBREVIATIONS:

TIC = Tentatively [dentified Compound with semiquantified estimate of concentration.
8270 = EPA Method 8270 for zemivolatile organic compounds.

NA = Not analyzed.

NR = Not reported.

Analytical Laboratory: BC Analytical, Emeryville, California.
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NOTES TO TABLE 7:

LA L. B X X% ¥
WO OT = O WA B e D -

SW-1A
sW-1C
SW-28
SW-2D
Sul-3A
$B-22-3.5-4.0
$8-23-3.5-4.0
$8-46-2.0-2.5
$B-46-6.0-6.5
$B-47-2.0-2,5
~47-6.0-6.5
2.0-2.5
6.0-6.5
2.0-2.5

§8-44-CoMP

$8-43-2.0-2.5
$B-42-2.0-2.5
$B-42-6.0-6.5
$B-41-2.0-2.5
SB-41-6.0-6.5
$8-41-8.0-8,5
$B-45-2.0-2.5
$B-45-6.0-6.5
$8-45-8.0-8.5

1563/RSSVOCOT . WA

Di-n-butylphthalate (0.7 mg/kg), snd bis(2-Ethylhexyl)phthalate (6.2 my/kg).
big(2-Ethylhexyl )phthalate (1.4 mg/kg}, and 2-Methylnaphthalene (4.3 mg/kg).
bis(2-Ethylhexyl)phthalate (0.7 mg/kg), and 2-Methylnaphthalene (1.8 mgskg).
2-Methylnaphthalene (3.1 mg/kg).

bis{2-Ethylhexyl)phthalate ¢1 mg/kg). ,
2-Methylnaphthalene detected at 0.7 mg/kp; TIC CB-C20 Hydrocarbon detected at 200 mg/kga.

2-Methylnaphthalene detected at 6.6 mg/kg: Fluorene detected at 0.200 mg/kg; TIC CB-35 Hydrocarbon detected at 2,000 mg/kg,

TIC C12H2403 at 1,000 mg/kg; C16H3004 at 100 mg/kg; CBH1802 at 200 mg/kg.
2-Methylnapthalene detected at 1,7 mg/kg; TIC C12H2403 at 3 mg/kg;
CB-C35 Hydrocarbon st 1,000 mg/kg, 4-Chlorvaniline detected at 0.2 mg/kg.

2-Methylnapthalene detected at 1.1 mg/kg; TIC C16 Fatty Acid at 10 mg/kg; C18 Fatty Acid at 5 mg/kg; C20H30002(Acid) et & mg/kg

2-Hethylnapthalene detected ot 0.9 mg/kg. TIC CB-C35 Hydrocarbon Matrix st 200 mg/kg.
TIC Molecular Sulfur at 0.6 mg/kg.

TIC CB-C35 Hydrocarbon Matirix st 70 mg/kg.

2-Hethylnapthalene detected at 0.22 mg/kg; TIC C14 Fatty Acid st 5 mg/kg;

C16 Fatty Acid at 20 mg/kg; C18 Fatty Acid at 2 mgskg; CB-C35 Hydrocarbon Matrix at $00 mg/kg.

TIC C16 Fatty Acid at 2 mg/kg; C8-C35 Hydrocarbon Matrix at 1,000 mg/kg.

TIC C8-C35 Hydrocarbon Matrix at 700 mg/kg.

TIC C8-C35 Hydrocarbon Metrix at 1,000 mg/kg

2-Methylnapthslene detected at 2.3 mg/kg; CB-C35 Hydrocarbon Matrix at 4,000 mg/kg.
TIC CB-C35 Hydrocerbon Matrix at 100 mg/kg. . :
2-Methylnapthalene detected at 1.5 mg/kg; TIC C8-C35 Hydrocarbon Matrix at 1,000 mg/kg.
TIC CB-C35 Hydrocarbon Matrix at 6,000 mg/kg.

2-Hethylnapthalene detected st 5.7 mg/kg: TIC CB-C35 Hydrocarbon Matrix at 2,000 mg/kg.
2-Methylnapthalene detected st 3.7 mg/kg: Fluorene detected at 0.1 mg/kg;

Phenathrene detected at 3.2 mg/kg; TIC C8-C35 Hydrocarbon Matrix at 1,000 mg/kg.
2-Methylnapthalene detected at 0.3 mg/kg; TIC C8-C35 Hydrocarbon Matrix at 800 mg/kg.

Page 2
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TABLE 8

HISTORICAL SOIL SAMPLING DATA SUMMARY
INORGANIC ELEMENTS DETECTED IN OILS TAKK STORAGE AREA
[All concentrations expressed in milligrams per kilogram (mg/kg)]

Lab

Leb

Type of

1.0. No. Analysis S$ilver Barium Beryllium Cadmium Cobalt Chromium Copper Wickel

--------------

Lead Antimony Venadium

Zinc

Argsenic Mercury Selenium

SW-1A 14-Jul-89 GTEL 27179A 200/7000 <i.0 52 <0,5 0.7 72.0 49 43 26 240 <5,0 16 2 <15.0 1.00 <20
SW-1C 14-Jul-89 GTEL 27180C 200/7000 ~<1.0 17 <0.5 <0.5 6.7 26 22 26 8 <5.0 17 b <15.0 0.02 <20
SW-28 14-Jul-89 GTEL 271B1C 200/7000 <1.0 32 <0.5 <0.5 4.9 25 24 23 102 <5.0 15 78 <15.0 0.03 <20
sW-20 14-Jul-B9 GTEL 27182C 200/7000 <1.0 34 <0.,5 <0.5 6.5 24 20 25 10 <5.0 15 44 <15.0 0.01 <20
SW-3A 14-Jul-89 GTEL 27183C 200/7000 <1.0 46 <0.5 <0.5 8.1 27 27 28 21 <5.0 20 61 <15.0 0.03 <20

+ 200/7000 = EPA Method 200/7000 for priority pollutant metals
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" TABLE ¢

SUMMARY OF VOLATILE ORGANIC COMPOUNDS DETECTED IN SOIL OF THE
FORMER SOLVENT TANK STORAGE AREA

[ALL concentrations expressed in milligrams per kilogram (mg/kg)]

Total TIC & s@ TIC & SQ Total TIC
Sample Lab Type of Ethyl- Total Quantified c5-c13 C7TH14 YOC TIC/sQ
[[o] Date Leb  I.D. No. Analysis Benzene Toluene TCE PCE Xylenes Concentrations Hydrocarbons Hydrocarbon* Concentretions
Levine*Fricke Scil Boring Samples of May 1589
SPA 16-May-89 B & C 890552007 8240 730,000 2,400.000 <6 19.000 3,000.000 6,14%.000 800.000 ND 800.000
$9B 15-May-89 B & C 890552013  B240 2.400 2.800 <0.1 <0.1 5.800 11.000 600.000 ND 400.000
S9C 17-May-89 B & C 890564805 8240 110.000 60,000 <2 <2 300.000 470,000 200.000 D 200.000
$B-10C 17-May-89 B L C B90564801 8240 520.000 1,400.000 <2 <2 1,600.000 3,520.000 2,000.000 KD 2,000.000
S11A 16-May-B9 B L C B90552009 8240 240.000 3,600,000 <6 <6 940.000 4,780,000 200,000 ND 200,000
S118  16-Msy-89 B & C B90552012 8240 200.000 1,000,006 0Q.600 5.600 680.000 1,885,200 4,000.000 KD 4,000.000
S11C 16-May-89 B & C 890564813  B240 200,000 900.000 <6 <& 680,000 1,780,000 300.000 ND 300.000
SB-12C 17-May-89 B & © 890564806 8240 12.000 440,000 <2 <2 75.000 527.000 ND 20.000 20.000
SB-13A 17-May-89 B L C 890552005 8240 12.000 <& <6 b 150,000 162.000 3,000,000 ND 1,000,000
5B-13B 17-May-89 B L C 890552014 8240 50.000 3.000 <0.1 <0,1 450.000 . 503.000 4,000,000 KD 4,000.000
SB-13C 17-May-89 B & C B90564803 8240 42.000 35.000 <2 <2 280.000 - 357.000 300.000 ND 300.000
SB-14A 17-May-89 B & C 850552001 8240 0.100 <0.1 «0,1 <0.1 0.400 0,500 5.000 ND 5.000
§B-148 17-May-89 B & C 890552002 8240 25.000 85.000 <0,1  0.400 170.000 280,400 3,000,000 ND 3,000,000
SB-14C 17-May-89 B & C 890584802 8240 0.400 <0.1 <0.1 <0.1 <0.1 0.400 200.000 ND 200,000

EXPLANATION OF SYMBOLS AND ABBREVIATIONS:
TIC & 50 = Tentatively ldentified Compoundand (T1C) with Semiquantified Estimates of Compound Concentrations.
Note: TIC concentrations sre only reported as estimates.
8240 = EPA Method 8240 for volatile organic compounds,
WD = Mot Detected
TCE = Trichloroethene
PCE = Tetrachloroethene
B &C = BC Analytical (formerly Brown and Caldwell) Laboratery, Emeryviltie, Califernia

1563/RMSVOCST . Wa1
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TABLE 10

SUMMARY OF SEMIVOLATILE ORGANIC COMPOUNDS DETECTED IN $OIL OF THE

[ALL concentrations expressed in milligrams. per kilogram ¢(mg/kg)l

FORMER SOLVENT TANK STORAGE AREA

Sample

.
------------------------------------- -

10

Levine*Fricke Soil Boring

S$11B
S8-13A
$B-138
SB-14A
$B-14B

16-May-89
16-May-89
16-May-89
16-May-8%
17-Hay-89
17-May-89
17-May-89
17-May-89

Lab
1.D. No

Sanples of May 1989

........... B R L I

890552007
890552013
890552009
890552012
890552005
890552014
§90552001
890552002

Type of

Analysis Naphthalene

2270
azro
8270
8270
8270
8270
8270
8270

<2
0.500

0.500
2.300
1.100

<0.1
0.300

2-Methyl- 4-Methyl-

phenol

<2
<0.1

<0.1
<0.1
<0.1
<0.1
<0.1

phenol

<2
<0,1

<0.1%
<0.1
<0.1
<0.1
<0.1

Totel

Other

Detected

Total
Quantified

Total TIC
Semiquantified

Phthelates VOC Compounds Concentrations Concentrations

------------------- L R e L b L iy U,

<2.000
0.500
8.000
0.500
2.300
1.100
<0.100
0.300

600,000
800.000
1,000.000
80,000
2,030.000
1,000.000
22.000
$00.000

EXPLANATION OF SYMBOLS AND ABBREVIATIONS:

TIC

8270 =

NA

NOTES

¥1&
#17
¥18
¥i9
¥20
w21
¥22
23

1563 /RSSVOCST . w1

= Tentatively Identified Compound with Semiquantified Estimate of Concentration.
EPA Method 8270 for semivolatile organic compounds

= Kot Analyzed
Analytical Laboratory:

SPA
§%8
S1A
s118
$B-13A
$8-138
$8-14A
58-148

One TIC detected:
One TIC detected:

One YI1C detected:
Two TICs detected:
One TIC detected:
Two TICs detected:

BC Analytical (formerly Brown and Caldwell) Laboratorfes, Emeryville, California

C8-C15 Hydrocarbon matrix (600 mg/kg)
C8-C15 Hydrocerbon matrix (800 mg/kg)
Isophorone (8 mg/kg), and one TIC detected: C8-C15 Hydrocarben matrix (1,000 mg/kg).
C8-C15 Hydrocarbon matrix (80 mg/kg)
C8-C15 Hydrocarbon matrix (2,000 mg/kg), and C20-30 Hydrocarbons (30 mg/kg).
C8-C15 Hydrocarbon matrix (1,000 mg/kg)
CB-C15 Hydrocarbon matrix (20 mg/kg), and C20-25 Hydrocarbons (2 mg/kg).

One TIC detected: CB-C15 Hydrocarbon matrix (900 mg/kg}
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TABLE 11

SUMMARY OF INORGANIC ELEMENTS DETECTED IN SOIL OF THE
FORMER SOLVENT TANK STORAGE AREA

o ’ (ALl concentrations expressed in willigrems per kilogram (mg/kg)]

Sample Lab Type of
ID Date Lab 1.D. No. Analysis Silver Barium Beryllium Cadmium Cobalt Chromium Copper Nickel Lead Antimony Venadium Zinc  Arsenic Mercury Selenium

SPA  16-May-89 BAC 890552007 200/7000 0.6 530 <0,2 25.0 14.0 8 470 63 3,200 11.0 59 12,000 26.0 1.30 0.&0
$98  16-May-B89 BEC B90552013 200/7000 «<0.4 140 <0.2 5.3 13.0 55 17 52 <4 3.4 63 55 3.6 0.03 <0.2
S11A  16-May-89 BEC 890552009 200/7000 3.4 390 <0.2 2.9 13.0 93 170 49 480 19,0 55 760 22.0 0.60 B.80
$118  16-May-8% B&C BS0552012 200/7000 <0.4 4o <N.2 £.9 10.0 43 22 47 <% <12 50 120 17.0 0.02 0.60
.SB~13A  17-May-8% BRL 890552005 200/7000 «<0.4 130 <0.2 4.4 2.1 i@ 20 45 56 «1.2 37 &4 16.0 0,02 0.40
. §B-138 17-May-89 BEC 890552014 200/7000 <0.4 130 <0.2 44 10.0 43 18 . 39 <6 «<1.2 47 43 4.0 0.04 0.60
5B-14A 17-May-89 BEC 890552001 20077000 <0.4 250 <0.2 5.2 10.0 110 25 &5 2,000 1.7 45 280 37.0 0.10 0.40
§8-14B 17-May-89 BLC 890552002 200/7000 <0.4 100 <0.2 4,5 2.6 48 13 47 <6 <1.2 54 47 19,0  <0.01 0.40
EXPLANATION OF SYMBOLS AND ABBREVIATIONS:
200/7000 = EPA Method 200/7000 for priority pollutant metals
KA - = Not Analyzed
Analytical Laboratories:
BEC: BC Analytical (formerly Brown and Caldwell) Laboratory, Emeryville, California.
12-Dec-91

1563/RMSTEST . Wa1



TABLE 12

SUMMARY OF PETROLEUM HYDROCARBOM CONCENTRATIONS DETECTED IN
SOILS IN THE PARKING LOT AREA

[ALL concentrations expressed in milligrams per kilogram (mg/kg)]

SAMPLE DATE ' LOG TYPE OF TOTAL FUEL

l 1D SAMPLED LAB NO. ANALYSIS HYDROCARBONS™
PA1 3.0-3.5 02-Jul -90 BCA 07-023-1 8015 4,100 oil
PA1 8.0-8.5 D2-dul-$0 HEA 07-023-2 BO15 ¢
PA1 6.0-6.5 02-Jul-90 BCA 07-023-3 8015 <10
PA2 3.0-3.5 02-Jut-90 BCA' 07-023-4 8015 <10
PA2 B.0-8.5  02-Jul-$0 BCA 07-023-5 8015 <10
PA3 5.0-5.5 02-Jul -50 BCA 07-023-6 8015 450 diesel
PA3-11 T 02-Jul-90 BCA 07-023-7 8015 <10
PA91056-2 21-Jan-91 BCA 01-441-1 8015 ' 950 m. spirits
PA9104-3 21-Jan-91 BCA 01-441-2 8015 1,400 mixed
PA91D4-8 21-Jan-91 BCA 01-441-3 2015 50 m. spirits
PA9103-3 21-Jan-91 BCA 01-441-4 8015 410 m. spirits
PA9103-6.5 21-Jan-91 BCA 01-441-5 8015 <10
PA9101-3 21-dan-91 BCA 01-441-6 8015 1,200 mixed
PA9101-6 21-Jan-91 BCA 01-441-7 8015 <10
PA9106-3 21-Jan-91 BCA 01-441-8 8015 750 mixed
PA91056-5.5 21-Jan-91 BCA 01-441-9 8015 430 mixed
PA91058-3 21-Jab-91 BCA 01-441-10 8015 NA/VISIBLE
PA91028-3 21-Jan-91 BCA 01-441-1 8015 NA/VISIBLE
PA91028-8 21-Jan-91 BCA 01-441-12 8015 NA/VISIBLE

* = Fuel Characterization - 0il, Diesel, Mineral Spirita, or Mixed
BCA = BC Analytical (formerly Brown and Caldwell) Anslytical Lsboratory
NA/VISIBLE = Sample not analyzed; visible field evidence of TPH

1563 .05/RMSTPHPA . WP5S 21-Kov-91
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TABLE 13

SUMMARY OF INORGANIC ELEMENTS IN SOQIL
DETECTED IN THE ARSENIC SOURCE AREA

(ALl concentrations expressed in mitligrams per kilogram (mg/kg)l

Lab 1.0, Type of
Sample ID Date Lab No. Analysis Lead Arsenic

Other E

Lements

Soil Data From Drilling In November 1989

LF-B81-2.5-3.0 D8-Nov-89 BEC 11-244-1  200/7000

50 480
LF-B1-4.5-5.0 08-Nov-89 B&C 11-244-2 20077000 <6 [
LF-B1-6.0-6.5 D3-Nov-89 BEC  11-244-3 200/7000 <6 6
Soil Data From Drilling In April and June 1990
sB-27-2 18-Apr-%0 BEC  04-522-37  200/7000 2,600 2,200
$B-27(4.0-4.5) 28-Jun-90 B&C  06-665-4 200/7000 1,200 500
§B-27(5.0-5.5) 28-Jun-90 - B&C  06-665-5 200/7000 3,000 800
$B-28-2 18-Apr-90 BEC  04-522-1 20077000 1% ' 5
$B-28-4 18-Apr-90 BE&C  04-522-2 200/7000 <5 5
§8-29-2 18-Apr-90 BEC  04-522-4 200/7000 110 8
$B-29-4 18-Apr-50 B3C  04-522-5 200/7000 <6 4
$B-30-2 18-Apr-90 B&C 04-522-7 200/7000 <6 4
sB-30-4 18-Apr-90 BRC  04-522-8 200/7000 48 &
$8-31-2 18-Apr-9¢  B&C  04-522-10  200/7000 120 10
$B-31-4 18-Apr-90 B&C 04-522-11 200/7000 24 4
$B-32-2 18-Apr-90 B3C 04-522-13 200/7000 68 18
$8-32-4 18-Apr-90 B&C 04-522-14 200/7000 <6 5
$B-33-2 18-Apr-90 B&C  04-522-15 200/7000 <6 4
$B-33-4 18-Apr-90 BEC  04-522-17 20077000 <6 4
SB-34-2 18-Apr-50 B&C 04-522-19  200/7000 27 10
SB-34-4 18-Apr-90 B&C 04-522-20  200/7000 <6 5
$B-35-2 AB-Apr-90 BEC 04-522-22 20077000 2,500 2,200
8B-35-4 18-Apr-90 B&C 04-522-23 200/7000 410 52,000
SB-35-6 18-Apr-90 BAC  05-516-1 200,/7000 2 51,000
SB-36-2 18-Apr-90 BEC  D4-522-25 200/7000 260 710
$B-36-4 18-Apr-90  BEC - 04-522-26 20047000 <5 6
$B-37¢(5.5-6.0) 28-Jun-90 BEC  06-665-1 20077000 6 7,300
$B-37(8.0-8.5) 28-Jun-%0 BAC  06-665-2 200/7000 5 10,000
58-37¢10.0-10.5) 28-Jun-%0 BAC  (6-665-3 20077000 8 19,000

LF 1563/RMIEAA . WG L Page 1

Cr/38;
Cr/42;
Cri4d;

Ba/83;
cd/9;
Cad/10;

Ba/170;
Ba/130;

Ba/170;
Ba/110;

Ba/200;
Ba/150;

Basf120;

-Ba/130;

Ba/91;
Ba/180;

Ba/150;
Ba/120;

Ba/160;
Ba/120;

Ba/180;
8a8/140;
Ba/130;

Ba/180;
Ba/s160;

cd/s;
CdsSs;
Cd/7;

Cu/54;
Cu/85;
Cu/34;

Cd/s4;
Cuse3;
Cu/78;

Cd/sé;
cd/7;

Cd/10;
Cd/é;

cd/11;
Cd/7;

Cds9e;
cd/6;

Cd/7;
Cdsé;

Cdsé;
Ca/7;

Cds7;
£d/7;

Cd/7;
Cd/8;
Cd/6;

cd/7;
cds7;

Cu/19;
Cu/24;
Cu/bh;

/77
Zn/110
in/98

Cu/19; Zn/84
In/940
2n/940

Cu/23; In/82
Cu/19; 2n/55

Cu/31; ZIn/13
cu/15; Zn/s0

Cus33; Inséé
Cuf25; In/72

Cus45; Zn/180
Cu/17; In/56

Cu/19; Zn/100
Cu/20; ZIn/64

Cu/17;  Zn/66
Cu/18; In/59

Cu/20; 2Zn/67
cu/18; Zn/60

Cu/160; 2n/11
Cus350; Zn/35
Cu/110; Zn/23

Cu/210; ZIn/11
Cus1?; In/S6

In/b4
In/ash
Zn/340

19-Dec-91



TABLE 13

SUMMARY OF INORGANIC ELEMENTS IR SOIL
DETECTED IN THE ARSENIC SQURCE AREA

[ALL concentrations expressed in milligrams per kilogram {mg/kg)l

Leb I.D. Type of

Sample 1D Date Lab No. Analysis Lead Arsenic QOther Elements

§B-38-2 18-Apr-90 B&LC  (05-516-2 200/7000 4,100 12,000 Ba/590; <ds10; cuz13G; 2n/1
SB-38-4 18-Apr-90 BEC 05-516-3 200/7000 500 28,000 Bas200; <€d/8; Cu/350; Zn/17
SB-38-4 18-Apr-90 B&C 05-516-4 20077000 64 14,000 Ba/110; Cds6; Cw/32; Zn/73
sB-39-2 18-Apr-90  B&C  04-522-31 20077000 <6 4,200 Ba/170; c¢d/7; cu/18; Zn/57
SB-39-4 18-Apr-9C  B&C  04-522-32 200/7000 <6 1,400 Ba/99; C€d/6; Cufi6: 2Zn/50
SB-39-4 18-Apr-%0 B&C  05-514-5 20077000 <b 910 Ba/100; Cd/5; cCcu/11: ZInf37
$B-40-2 18-Apr-90  B&C  04-522-34 20077000 14 96 Ba/150; c€d/5; Cu/21; Zn/&&
SB-40-4 18-Apr-90 B&C  04-522-35 200/700¢ 24 150 Ba/110; C€d/5; Cu/fi4; /T
SB-40-4 18-Apr-90  BRL  05-514-6 200/7000 . _ 33 Baf150; Cdf6; Cu/i19; 2Zn/77
Soil Data From Drilling In January 1991
AAD101-2 18-Jan-91 B&C 01-395-5 200/?600 25 45
ARR101-4 18-Jan-91 BEC 01-395-6 20077000 15 14
AAR101-4 © 1B-Jan-91 BEC 01-395-18 200/7000 KA NA
AAD101-8 18-Jan-$1 B&C 01-395-19 20077000 a 8
AA$101-10 18-Jan-91 B&C  01-395-20 20077000 NA NA
AAP102-2 17-Jen-91 B&C  0%-376-3 200/7000 1,600 1,300
AA9103-2 17-Jen-91 B&C 01-376-4 20077000 1,400 1,800
AA9103-4 17-Jan-91 B&C 01-374-5 200/7000 270 40
AA9103-6 17-dan-91 BAC 02-434-2 200/7000 ' 7 8
AATN03-8 17-dan-91 BEC 01-374-12 200/7000 NA NA
AAS103-10 17-Jan-91 BAC 04-269-2 200/70C0 5 760
AF104-2 18-Jan-91 BEC  01-395-3 20077000 330 4,400
ARG 04-4 18-dan-91 BIC 01-395-4 200/7000 52 220
AZ104-5 18-J8n-91 BEC  02-434-14 20077000 10 1"
AAS104-8 18-Jan-91 BiC 0%-395-16 200/7000 NA NA
AAS104-10 18-Jon-91 BEC 04-269-10 20077000 a3 2,000
AAS105-2 . 18-Jan-91  BIC  01-395-1 20077000 4,900 8,700
AAR105-4 18-Jan-91 BEC 01-395-2 20077000 " 4,100
AAD105-6 18-Jan-91 BAC 02-434-13 20077000 7 990
AA9105-8 18-Jan-91 BZC  D01-395-14 20077000 NA KA
AA9105-10 13-4an-91 BE&C (4-269-9 200/7000 180 3,900
AAD104-2 18-Jan-91 BEC 01-377-1 200/7000 120 2,700
AAD106-4 18-Jdsn-91 B&C 01-377-2 20077000 11 990
LF 1563/RMIEAA WG feL Page 2 . ot 19-Dec-91



SUMMARY OF INORGANIC ELEMENTS IN SOIL
DETECTED IN THE ARSENIC SOURCE AREA

TABLE 13

(ALl concentrations expressed in milligrams per kilogram (mg/kg)l

Type of
Analysis

Arsenic Other Elements

AAPI07-2
AATIOT -4
AARNI07-6
AAR107-8
AAS107-10

AA9108-2
AAP108-4
AA910B-6
AA9108-8
AAR108-10

AAR109-2
AATI109-4
AAD109-6
AAF109-8
AA9109-10

AA9110-2
AAS110-4
AAD110-6
AAP110-8
AA110-10

AAR111-2
AAD111-4
AAP111-6
AAPI11-8
AA9111-10

AAG112-2
AAPT12-4
AADT12-6
AA9112-8
AAP112-10

Soil Data From Drilling In June 1991

AAP113-2
AAR113-4

- LF 1563 /RMIEAA.WQY

18-Jan-91
18-Jan-M

17-Jan-N
17-Jan-M
17-dan-%1
17-Jan-91
17-Jan-91

17-Jan-91
17-Jan-91
17-Jan-91
17-Jan-91
17-Jan-91

18-Jan-91
18-Jan-91
18-Jan-91
18-Jan-M
18-Jan-21

17-Jan-91
17-Jan-91
17-Jan-91
17-Jan-91
17-Jan-91

17-Jdan-91
17-Jan-91
17-den-91
17-Jan-91
17-dan-91

17-Jan-91
17-dan-91
17-Jan-91
17-Jan-91
17-Jan-91

13-Jun-91
13-Jun-91

EEEER EEEES BEEEE BEREER EEEEE EEEEE

ANA
ANA

01-376-1
01-376-2
02-434-1%
01-376-8
04-269-1

01-3756-6
01-376-7
02-434-3

01-376-14

04-269-4

01-395-6
01-395-6
01-395-9
01-395-10
04-269-8

02-434-7
02-434-8
01-377-12
01-377-13
B4-259-10

02-434-4
02-434-5
01-377-5
01-377-6
04-269-5

02-434-9
02-434-10
01-378-3
01-378-4
04-269-7

9106188-1
9106188-2

20077000
200/7000

200/7000
200/7000
200/7000
200/7000
200/70G0

20077000
200/7000
200/7000
200/7000
200/7000

20077000
200/7000
20077000
200/7000
200/7000

20077000
200/7000

20077000

20077000
20077000

200/7000
200/7000
200/7000
20077000
20077000

200/7000
20077000
20077000
20077000
20047000

20077000
20077000

Page 3

52
230

NA
13

49,000

19 -

NA
NA

20,000
340
NA

NA

530

NA
NA

-~

NA
NA

58

110
3,300
NA
32,000

110, 000
2,200
NA

NA
4,500

4,200
580
NA
NA
4,000

4,000
1,700
A
KA
930

NA
NA
as0

210
129

19-Dec-91



[All concentrations expressed in milligrams per kilogram (mg/kg)l

SUMMARY OF INORGANIC ELEMEKTS IN SOIL
DETECTED IN THE ARSENIC SOURCE AREA

TABLE 13

Type of
Analysis

Arsenic

Other Elements

AAF114-2
AAP114-4
AAF114-6

AAG115-2
AAP115-4
AAD115-4

AAP116-2
AAR116-4
AAF116-6

AARIT-2
AAR117-4

AAP118-2
AAF118-4
AAR11B-6
AAG118-8

AAP119-2
AAST19-4
AATT19-6

AA9120-2
AAD120-4
AAR120-5

AAR121-2
AF21-4
AAR121-6
AAR121-8

AAD122-2
AAR122-4
AAD122-6

AAF123-2
AAR123-4
AAFT123-6
AAR123-8

LF 1563/RMIEAA.WQ1

13- Jun-91
13-Jun-91
13- Jun-94

13-Jun-M
13-Jun-91
13-dun-91

12-Jun-91
12-Jun-91

12-Jun-91
12-Jun-91
12-Jun-91
12-Jun-91

12-Jun-91
12-dun-91
12-Jun-91

13-Jun-91
13- Jun-M
13-Jun-9%

13-Jun-9
13-dun-91
13- Jun-%1
13-dun-91

13-Jun-9
13-Jun-M
13-Jun-91

12-Jun-91
12-Jun-91
12-Jun-%1
12-Jun-¥1

ANA

ANA

ANA

ANA

ANA

ANA
ANA

ANA
ANA

ANA
AKA
ANA

- 910618914

#106189-15
9106189-16

91056189-11
9106189-12
?106189-13

910618901
$106189-02
91046189-03

9104187-15
9106187- 16

9106187-01
9106187-02
2106187-03
9106187-04

$106187-05
9106187-06
9106187-07

?1046188-3
9106188-4
9106188-5

9106189-07
9106189-08
F106189-09
9106189-10

9106189-04
9106189-05
9106189-06

9106187-10
9106187-11
106187-12
F106187-13

200/7000
200/7000
20077000

200/7000
200/7000
200/7000

204/7000
20077000
20077000

200/7000
20077000

200/7000
200/7000
200/7000
200/7000

20077000
200/7000
200/7000

200/700D
200/7060
200/7000

20077000
200/7000
20077000
200/7000

20077000
200/7000
200/7000

20077000
200/7600
200/7000
200/7000

Page &

11é

17

121

Gmﬁﬁ

930

~ o O O

318
180
672

692
198
535

555
374
400

13
39
302
1,260

467

12
2,810

19-Dec-91



SUMMARY OF INORGANIC ELEMENTS IM SOIL
DETECTED IN THE ARSENIC SDURCE AREA

TABLE 13

[ALL concentrations expressed in milligrams per kilogram (mg/kg))

Lab 1.D. Type of
Sample 1D Date Lab No., Analysis lL.ead Arsenic Other Elements
AAR124-2 12-Jun-91  ANA 9106187-08  200/7000 & 11
AAR124-4 12-dun-91  ANA  9106187-09  200/7000 6 ]
AAT124-6 12-dun-91  ANA  9106187-10 20077000 T 1
AAD1TS1-1-3 13-Jun-91  ANA  91061B5-1 200/7000 15,400 23,800
AA91TS51-8-10 1B-dun-91  ANA 2106185-1 200/7000 242 t,260
AAD1TS2-10-12 13-dun-921  ANA  9106186-1 20077000 50 10,500
AADITS2-12-14 13-dun-91  ANA  9104186-1 20077000 9 1,830
ARGITS3-2-5 13-Jun-91  ANA  9106186-1  200/7000 10,000 34,000
200/7000 = EPA Method 200/7000 for inorganic compounds.
NA = Not Analyzed

Analytical Laboratories:

Ba = Barium; Cd = Cadmium;

. -LF 1563/RMIEAA.WQT

BLC = BC Analytical (formerly Brown and Caldwell), Emeryville, California.
ANA = Anametrix Laboratory of San Jose, California

Cu = Copper;

Zn = 2inc

Page 5
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TABLE 14

PROPOSED SOIL REMEDIAL GOALS

Maximum Proposed
Concentration Federal/State Soitl

Detected in Ground-Water Remedial
Soif Goal Goal

Chemical (mg/ka) (mg/1)"" (mg/kg)
Ethylbenzene 1,500 0.680 10
Toluene ' 14,000 c.100® 10
Xylene 1somers 9,500 1.750 10
Nophthalene 4.3 --- ---
pca® 0.36 ox10°9 ---
Bis(2-ethylhexyl} 10.2 15.000%

phthalate

1sophorone®™ 3 5.200% ---
2-Methyl phenot™ 2
4-Methyl phenol™ 2
Pyrene® 1.2 2.8x10°%%
Fluoranthrene™ 1.4 n.042™ -
Phenanthrene™ 2.4 2.8x10°@
Hydrocarbons 20,000® 100
Arsenic 52,000 0.050 50
Lead 2,300 0.050 500

mg/kg = milligrams per kilogram
--~ = No applicable standard was found

\
0 Based on EPA and/or State Maximum Contaminant Levels (MCLS), unless otherwise noted.

® california State Recommended Drinking Water Aidtion Levet,

® chemicals detected at one locetion only.

“ National Ambient Water Quality Criteria (NAMAC), based on health effects.
o Semiquantified concentration.

1563 .05/RNSGOALS . WP5 21-Nov-A



TABLE 15

PROPOSED GROUND-WATER REMEDIAL GOALS

Max i mum
Concentration Proposed
Detected Remedial Goal'V
Chemical Compound {mg/L} {mg/L}
Benzene . 0.110 0.o01
Ethylbenzene 6.300 0.4680
Toluene 310 0.100@
Aylenes 210 1.750
Nethyl ethyl ketone 720 0.170%
2-Hexanone 24 ---
Acetone 280 ---
Naphthalene 0.650 ---
Phenol 0.380 0.005'%
2-Kethyl phenol 0.280 ---
4-Methyl phercl 1.000 ---
Bis{2-ethylhexyl) 0.028 0.005
phthalate
Arsenic 200 0.050
Lead 0.200 0.050

mg/L = milligrems per liter.

-=- = No applicable standard was found.

) Based on Federal or State Maximum Contaminent Levels (MCLs), unless otherwise noted.
@ galifornia State Recommended Drinking Water Action Level.

™ Based on EPA Suggested No Adverse Response Levels {SKARLs).

“ Based on Department of Health Services Taste arwl Odor Threshold.

1563.05/RMWGOALS . WPS
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TABLE 16

ALTERMATIVES 1 AND 2: HYDRAULIC CONTAINMENT

ESTIMATED CAPITAL COSTS

DESCRIPTION QUANTITY/UNIT

1. EXTRACTION SYSTEM

a. Installation of extraction wells

b. Piping, valves, and flow meters

c. Wetl pump and wel lhead

d. Trenching and backfill

€. Dewatering trenches, piping, and well points

f. Electrical

9. Engineering, permitting and construction menagement
(35X of items a. through f.)

h. Contingency (20X of items a. through g.)

Subtotal 1:

2. GROUND-WATER TREATMENT SYSTEM EQUIPMENT

f.

9.
h.
i.
J.

k.

Bioreactors and clarifier
Electrochemical precipitator
Carbon vessels with carbon charge
liquid-phase vessels for polish
Equalization tank

Pumps, piping, filters, valves, and
skid

Electrical, instrumentation, and
control panel

Well controls

Fencing

Concrete pad and miscellaneous
Engineering, permitting, and construction menegement
(35X of items a. through i.)

Contingency (20X of items s. through j.)

Subtotal 2:

ESTIMATED TOTAL CAPITAL COSTS

3 EA
11Ls
& EA
800 LF
360 LF

35
20 X

»

SEP

LS
LS
LS
LS

-

-

5%
20 X

URIT

TOTAL

COST (1) COST (1)

$10,000
15,000
4,000
50

100
10,000

$45,000
150,000
2,000

5,000
12,000
17,000
10,000

6,000
15,000

$30, 000
15,000
24,000
40,000
36,000
10,000

54,250
41,850

$251,100

$45,000
150,000
18,000

5,000

12,000

17,000
10,000

6,000
15,000

104,300
80,5060

Cost Files
Cost Files
Cost Files
Cost Files
Cost Files
Cost Files

Yendor Quote
Vendor Quote
Vendor Quote

Cost Files
Cost Files
Cost Files
Cost Files

Cost Files
Cost Files

NOTES:
1.

All costs sre in 1991 dollars.

2. Costs do not include further subsurfsce investigations (if needed), regulatory interface, or permit fees.

LF 1563/1CAP.uql
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ALTERNATIVES 1 AND 2:

TABLE 17

HYDRAULIC CONTAINMENT

ESTIMATED OPERATIONS AMD MAINTENANCE COSTS

DESCRIPTION

QUANTITY

UNIT
CosT (1

TOTAL
COST (1)

REFERENCE

1.
a.
b.
c.
d.
e.

f.
9.
h.
i.

j-
k.
L.
m.

ANNUAL OPERATIONS AND MAINTENANCE
Carbon transportation/regeneration
Power (extraction wells and process purps)
Power (bioreactors)
Disposal of arsenic sludge
Manpower for operations/maintenance/
treatment system sampling
Chemicals - (Bio) nutrients, pH, carbon
Chemicals and power - electrochemical (W202 & Fe)
Laboratory - treatment system and wells
Manpower for water-level measurements snd
and sampling wells
Data evaluation and reporting
Sampling equipment
Spare parts/repairs (1% of total capital costs)
Contingency (20X of items a. through L.}

Subtotal Anrual 0&M Costs

2. ESTIMATED 20-YEAR PRESENT WORTH (20 YEARS @ 5%)

2500
50000
75000

170

600

200

P

20

Le
KWH

BBL

MHR

LS

LS
MHR

LS

$2.50
0.10
0.10
250

5,500
30,000
35,000

5,000
4,000

$255,540

$3,185,000

Cost Files
PGEE

PGRE

Vendor Quote

Cost Files
Cost Files
Yendor Quote
Cost Files
Cost Files

Cost Files
Cost Files
Cost Files
Cost Files

(2)

HOTES: 1) ALL costs sre in 1991 dollars.

2) The present values have been calculated on & net interest rate (interest rate minus inflation}
of 5 percent. Present worth evaluations based on a 20-year operating period.

3) Total OZN costs for this alternative reflect costs to operate and maintain a remedial system and to
conduct quarterly ground-water monitoring. Regulatory interface and permit fees are not

included in the estimated costs.

1563/10M. w1
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ALTERNATIVE 1:

ESTIMATED CAPITAL COSTS

TABLE 18

FULL SOURCE EXCAVATION AND D1SPQSAL

DESCRIPTION QUANTITY/UNIT
1. OIL TANK STORAGE AREA SOILS
&. Excavation 2,200 cY
b. Hauling 2,200 cY
¢. Off-site treatment and disposal fees 2,200 cY
d. Taxes 2,200 cY
e. Generastor fee LS
€. Remove and replace railroad spur 150 LF
f. Replacement fitl 2,200 CY
9. Resurfacing 2,800 sy
i. Analytical sampling 118
j. Engineering, permitting and comstruction
management (10X of items a. through i.) 10%
h. Contingency (20% of items a. through j.) 20 X
Subtotal 1:
2. SOLVENT TANK STORAGE AREA AND PARKING AREA SOILS
a. Excavation 10,100 CY
b. Heuling 10,100 cY
¢. Off-site treatment and disposal fees 10,100 cY
d. Taxes 10,100 cY
e. Generator fee 1 LS
f. Remove and Replsce Railroad Spur 400 LF
g. Replacement fill 10,100 Cy
h. Resurfscing 4,300 sy
i. Analytical sampling 118
J. Engineering, permitting and construction
management (10X of items a. through i.) 10 %
h. Contingency (20X of items a. through j-) 20 X
Subtotal 2:
*
LF 1563/D1S.wql Page 1

UNIT

TOTAL

COST (1) COST (1)

$25
130
280
120
48,000

22
5,000

130

120
48,000

i

rre

5,000

$55, 000
286,000
616,000
264,000
48,000
13,500
11,000
61,600
5,000

118,400
250,500

$1,729,000

$252,500
1,313,000
2,828,000
1,212,000
48,000
54,000
50,500
94,600
5,000

505,000
1,110,900

$7,473,500

REFERENCE

Vendor Quote
Vendor Quote
Yendor Guote
Yendor Quote
Cost Files
Cost Files
Cost Files
Cost Files
Cost Files

Cost Files
Cost Files

Vendor Quote
Vendor Quote
Vendor Quote
Vendor Quote
Cost Files
Cost Files
Cost Files
Cost Files
Cost Files

Cost Files
Cost Files

12-Dec-91
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TABLE 1B

ALTERNATIVE 1: FULL SOURCE EXCAVATION AND DISPOSAL

ESTIMATED CAPITAL COSTS

UNIT TOTAL
COsT (1} COST (1)

REFERENCE

DESCRIPTION QUANTITY/UNIT
3. ARSENIC-AFFECTED SOILS
a. Excavation 13,100 cY
b. Hauling 13,100 CY
c. Disposal fees 13,100 cy
d. Taxes 13,100 cy
e. Generator fee 11Ls
f. Remove and replace railroad spur 200 LF
g. Structural foundation reinforcement 500 LF
h. Replacement fill 13,100 ¢y
i. Resurfacing 4,300 sy
j- Analytical sampling 118
k. Engineering, permitting, etc. 10X
i. Contingency (20X of items e. through j.) 20 X

Subtotal 3:-

ESTIMATED CAPITAL COSTS FOR EXCAVATION AKD DISPOSAL

$25  $327,500
130 1,703,000
200 2,620,000

120 1,572,000
48,000 48,000
% 18,000

225 112,500

5 65,500

22 96,600
5,000 5,000
656,600

1,444,500
$8,667,200

Verndor Quote
Vendor Quote
Vendor Quote
Vendor Quote
Cost Files
Cost Files
Vendor Quote
Cost Files
Cost Files
Cost Files
Cost Files
Cost Files

NOTE:

All costs are in 1991 dollars.

LF 1363/D1S.uq}
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ALTERNATIVE 2:

TABLE 19

FULL SOURCE TREATMENT

ESTIMATED CAPITAL COSTS

DESCRIPTION

QUANTITY/UNIT

1. OIL TANK STORAGE AREA

1]
.

8. Excavation
b. Bic-treatment of soils

. Backfill treated soils

d. Analytical 'salrpling

e. Remove and replace railrosd spur

f. Resurfacing

f. Structural fourdation reinforcement

9. Engineering, permitting, and construction

management (20X of items a. through g.)

h. Contingency {(20% of items a. through h.)

Subtotal 1:

SOLVENT TANK STORAGE AREA AND PARKING AREA
. Excavation

. Bio-treatment of soils

- Backfilt treated soils

Analytical sampling

2. Remove and replace railroad spur
- Resurfacing

9. Engineering, permitting, and construction

management (20X of jtems a. through f.)

h. Contingency (20% of items a. through g.)

Subtotal 2:

ARSENIC AFFECTED S0ILS

a. Fixation/solidification

b. Analytical Sampling )
¢. Remove and replace railroad spur
d.

e.
f.

Resurfacing

Structural foundation reinforcement

Engineering, permitting, and construction
management (20X of jtems a., through e.)

Contingency (20X of items a. through f.)

2,200 cY
2,200 cy
2,200 CY
20 EA
150 LF
2,800 sY
220 LF

20 X
20 %

10,100 cY
10,100 cY
10,100 cY

20 EA
600 LF
4,300 sY
20 %

20 X

13,100 ¢Y
50 EA
200 LF
4,300 sY
500 LF

20 %
20 %

ESTIMATED TOTAL CAPITAL COSTS FOR FULL SOURCE REDUCTION

UNIT ToTAL
COST (1) COST (1)
$10 $22,000
55 121,000
10 22,000
150 3,000
90 13,500
22 61,600
220 48,400
58,300
70,000
$419, 800
$10 $101,000
55 555,500
10 101,000
150 3,000
90 54,000
22 94,600
181,800
218,200
$1,309,100
$91  $1,192,100
120 6,000
% 18,000
22 94,600
225 112,500
284,600
341,600
$2,049,400
$3,778,300

REFERENCE

Cost Files
Cost Files
Cost Files
Cost Files
Cost Files
Cost Files

Contractor Quote

Cost Files
Cost Files

Cost Files
Cost Files
Cost Files
Cost Files
Cost Files
Cost Files

Cost Files
Cost Files

Contractor
Cost Files
Cost Files
Cost Files
Contractor

Cost Files
Cost Files

Quote

Quote

NUTE': ALl costs are in 1991 dollars.

LF 1563/TREAT.nq1
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TABLE 20

ALTERNATIVES 3, 4, AND 5: ERGINEERED CONTAINMENT
ESTIMATED CAPITAL COSTS

UNIT TOTAL
DESCRIPTION QUANTITY/UKIT COST {1} COST (1)  REFERENCE
1. GROUND-WATER EXTRACTION SYSTEM
a. Installation of extraction wells 3 EA $10,000 $30,000 Cost Files
b. Piping, valves and flow meters iLs 5,000 5,000 Cost Files
c. Well pump and wellhead 3 EA 4,000 12,000 Cost Files
d. Trenching and backfilt 500 LF 50 25,000 Cost Files
e. Electrical 1 EA 5,000 5,000 Cost Files
f. Engineering, permitting, and construction )
management (35X of items a. through e.) 5% 27,000 Cost Files
g. Contingency (20X of items a. through f.) 20 % 20,800 Cost Files
Subtotal 1: : $124,800

2. GROUND-MATER TREATMENT SYSTEM EQUIPMENT

a. Bioreactors and clarifier 1 EA $40,000 $40,000 Vendor Quote
b. Electrochemical precipitator % EA 100,000 100,000 Vendor Quote
€. Carbon vessels with carbon cherge . 2 EA 3,000 6,000 Vendor Quote

liguid-phase vessel for polish
d. Equalization tank 1EA 5,000 5,000 Cost Files
e. Pumps, piping, filters, valves, and '

skid 1 EA 10,000 10,000  Cost Files
f. Electrical, instrumentation and

control panel 11Ls 12,000 12,000 Cost Files
9. Well controls 18 7,000 7,000 Cost Files
h. Fencing 1Ls 6,000 6,000 Cost Files
i. Concrete pad and miscellaneous 1L 12,000 12,000  Cost Files
j. Engineering, permitting, and construction '

management (35X of items a. through i.) 5% 69,300 Cost Files
k. Contingency (20X of tems a. through j.) 20 X 53,500  Cost Files
Subtotal 2: : $320,800

LF 1563/3CAP. wqt Page 1 L 12-Dec-91



TABLE 20

ALTERMATIVES 3, 4, AND 5: ENGINEERED
' ESTIMATED CAPITAL COSTS

CONTAINMENT

DESCRIPTION

3. SOIL REMEDIAL SYSTEM CONTAINMENT OF AS-, VOC-,

AND SVOC-AFFECTED SOILS

a.
b.
C.

bl
M

Structural reinforcement of building
Installation of slurry cut-off wall
Soil disposal

Flexible membrane liner

Capping

Installation of surface drainage
Replace fencing

. Remave and replace existing utilities

Excavate foundations

Remove and replace existing railroad spurs

Ansalytical sampling

Engineering, permitting, and construction
management (35X of items a. through k.)
Contingency (20X of items a. through L.)

Subtotal 3:

ESTIMATED TOTAL CAPITAL COSTS

QUANTITY/UNIT

820 LF
50,000 SF
400 cY
17,000 sY
17,000 SY
11s

300 LF
11s

11s

7 EA

11s

35X
20 X

UNIT
COST (1)

$215
6

400

6

15
50,000
15
35,000
25,000
3,000
15,000

TOTAL

COST (1)

$176,300
300,000
160,000
102, 000
255,000
50,000
4,500
35,000
25,000
21,000
15,000

400,300
308,800

31,852,900

$2,298,500

Vendor Quote
Yendor Quote
Vendor Quote

Cost
Cost
Cost
Cost
Cost
Cost
Cost
Cost

Cost
Cost

Files
files
Files
Files
Files
Files
Files
Files

Files
Files

NOTES:

1. ALl costs are in 1991 dollars.

2. Costs do not include further subsurface investigations {if needed),
regulatory interface, or permit fees.

LF 1563/3CAP.wg!

Page 2
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TABLE 21

ALTERNATIVES 3, 4, AND 5:

ESTIMATED OPERATIONS AND MATINEMANCE COSTS

ENGINEERED CONTAINMENT

UNIT TOTAL
QUANTITY UNIT  COST (1) COST (1) REFERERCE
1. ANNUAL OPERATIONS AND MAINTENANCE
a. Carbon transportation/regeneration 500 LB $2.50 $1,250 Cost Files
b. Power (extraction wells and process pumps ) 30,000 KWH 0.10 3,000 PGEE
c. Power (bioreactors) 40,000 KW 0.10 4,000 PGEE.
d. Disposal of arsenic sludge 20 BBL 250 5,000 Vendor Quote
e. Manpower for operations/maintenance 500 MHR 60 30,000 Cost Files
f. Chemicals - (bio) nutrients, pH, carbon 1 EA 3,500 3,500 Cost Files
g. Chemicals and power - electrochemical (H202 & Fe) 1 LS 3,500 3,500 Vendor Quote
h. Llaboratory - treatment system snd wells 1 Ls 15,000 15,000 Cost Files
i. Manpower for water-level messurement and 150 MHR 70 10,500 Cost Files
sampling wells :
J. Data evaluation and reperting 4 EA 5,000 20,000 Cost Files
k. Sampling equipment 1 LS 4,000 4,000 Cost Files
L. Spare parts/repairs (1% of extraction and 1 x 4,500 Cost Filesg
treatment system)
m. Contingency (20X of items a. through i.) 20 X 20,900 Cost Files
Subtotal Annual O&N Costs : $125,150
2. ESTIMATED 20-YEAR PRE.SEHT WORTH (20 YEARS & 5%) $1,550,000 (2}
3. ESTIMATED CAPITAL COSTS, ENGINEERED CONTAINMENT $2,298,500
4. ESTIMATED TOTAL PRESENT WORTH, ENGINEERED CONTAINMENT $3,858,500
NOTES
1. ALl costs in 1991 dollars. .
2. The present values have been calculated on a net interest rate (interest rate minus inflation)
of 5 percent. Present worth eveluations besed on 20-year operating period.
3. Total O2M costs for this alternative reflect costs to operate and maintain a remedial system and to
conduct quarterly ground-water monitoring. Regulatory interface and permit fees are not
included in the estimated costs.
LF 1563/30M.uq1 12-Dec-91



TABLE 22

ALTERNATIVE 3: LIMITED SOURCE REDUCTION
ESTIMATED CAPITAL COSTS

UNIT TOTAL
DESCRIPTION QUANTITY/UNIT COST (1) COST (1) REFERENCE
1. SOLVENT TANK STORAGE AREA
a. Excavation 3,300 ¢y 10 33,000 Cost Files
b. Bio-treatment of soils 31,300 cy 7S 247,500 Cost Files
c. Backfill treated soils 3,300 cY 10 33,000 Cost Files
d. Analytical sampling 15 EA 150 2,250 Cost Files
e. Resurfacing 1,000 sy 22 22,000 Cost Files
f. Engineering, permitting ard construction 20 % 67,600 Cost Files
management (20X of items a. through e,)
g. Contingency (20X of items a. through f.) 20 X 81,100 Cost Files
Subtotal 2: $485,450
2. ARSENIC-AFFECTED SOILS
a. Fixation/solidification 10,000 cy 103 1,030,000 Contractor Quote
b. Analytical samplirg 40 EA 120 4,800 Cost Files
¢. Remove and replace railroad spur 140 LF 20 12,600 Cost Files
d. Resurfacing 928 sy 22 20,400 Cost Files
e. Structural foundation reinforcement 450 LF 225 101,250 Contractor GQuote
f. Engineering, permitting and construction
management (20X of items a. through e.) 20 % 233,800 Cost Files
g. Contingency (20% of jtems a. through f.) 20 X 280,600 Cost Files
$1,683,500
ESTIMATED TOTAL CAPITAL COSTS FOR LIMITED SOURCE REDUCTION $2,170,000

NOTES:
1) ALl costs are in 1991 dollars.

2) Excavation quantities based on clesnup standard of 100 mg/kg for
VOC- and SVOC-affected soils and 1,000 mg/kg for orsenic-affected soils.

LF 1563/TREATEC, gl
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ALTERWATIVE 4:

TABLE 23

HOT SPOT ARSENIC SOILS SOURCE REDUCTION
ESTIMATED CAPITAL COSTS

DESCRIPTION

1. ARSENIC-AFFECTED SOILS
a. Fixation/solidification
b. Analytical sampling
€. Remove and replace railroed spur
d. Structural foundation reinforcement
e. Engineering, permitting, and construction
management (20X of items a. through d.)
f. Contingency (20% of items a. through .}

QUANTITY/UNIT

6,600 cY
40 EA
140 LF
450 LF

20 %
20 X

ESTIMATED TOTAL CAPITAL COSTS FOR HOT SPOT AS SOURCE REDUCTION

1"z 772,200
120 4,800
20 12,600

225 101,250

Contractor Quote
Cost Files
Cost Files
Contracter Quote

Cost Files
Cost Files

NOTES:

13 ALl costs are in 1991 dollars.
2) Excavation quantities based on clearup standard of 100 mg/kg for

VOC- and SVOC-affected soils and 1,000 mgskg for arsenic-affected soils.

LF 1563 /HOTSPOT .wql
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TABLE 24

SUMMARY OF COSTS
FOR INTERIM REMEDIAL ALTERNATIVES

Alternative

Capital Costs

Operating Costs

Total

Containment

Source
Remediation

Annual

20-Year
Present Worth

Present
Worth

1.

Hydraulic
Contaimment with
Full Source
Excavation and
Disposal

$0.7 million

$17.9 million

$ 256,000

$3.2 million

$21.8 million

2.

Hydraulic
Containment with
Full Source
Treatment

$0.7 million

$3.8 million

$ 256,000

$3.2 million

$7.7 million

Engineered
Containment with
Limited Source
Treatment

$2.3 million

$2.2 million

% 125,000

$1.6 million

36,1 million

Engineered
Contairment with
"Hot Spot¥ Arsenic
Source Treatment

$2.3 million

$1.3 million

$ 125,000

$1.6 million

$5.2 mitlion

5. Enginecered

Contairnment

1563/ SUMCOSTS. WPS

$2.3 million

e —

0

$ 125,000

51.6 million

$3.9 miliion

——— —— —i |
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LEVINE-FRICKE

December 20, 1991 LF 1563.11

STABILIZATION BTUDIES ON ARSENIC~AFFECTED SOILS

Al.0 TINTRODUCTION

Site soils affected primarily with elevated concentrations of
arsenic were collected from three areas of the Site to
evaluate their potential to be stabilized using chemical
fixation technologies. 1In addition, the soils are affected to
varying degrees with lead and petroleum hydrocarbons (TPH).
Descriptions of the important physico-chemical properties of
these soils as well as their boring locations and depths of
sampling are presented in Table Al. For stabilization
treatability testing, subsamples of each of the three well-
mixed samples were sent to two laboratories identified in the
Work Plan (Levine+Fricke 1990): Kiber Associates, Inc.
(Kiber), Atlanta, Georgia, and Chemfix Technologies, Inc.
(Chemfix), Metarie, Louisiana. The most pertinent results of
these treatability studies are summarized and discussed
briefly below. The full reports from Kiber and Chemfix are
presented in the Attachment to this appendix.

A2.0 METHODS

Six stabilization formulations were selected for testing by
Kiber based on its previous experience with stabilization
technologies and its conversations with Levine-Fricke
personnel regarding the high arsenic concentrations contained
in site soils. These formulations included three proprietary
compounds (HWT-7 and HWT-25 from International Waste
Technologies [IWT] and Chembond II from Fluid Tech, Inc.) and
three nonproprietary compounds (Portland Cement, Class C Fly
Ash, and a Cement-Ferric Chloride combination). Four mixtures
of each formulation were tested, thereby producing a total of
24 test mixtures per soil sample., The most effective mixture
of each formulation (according to physical examination by cone
penetrometer) was evaluated by the California Title 22 Waste
Extraction Test (WET). The best three formulations for each
soil sample (according to the lowest WET arsenic
concentrations) were then evaluated by the Federal Toxicity
Characteristic Leaching Procedure (TCLP) and a water
solubility procedure (Water) that mimics the WET protocol,
except that it does not contain citric acid buffered at pH 5.

1563/ Apprndin/NAS A-1
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Chemfix tested two formulations ("FO4" and "FO5") for their
ability to stabilize the soil samples. The WET, TCLP, and
Water leaching tests were all used to evaluate the
effectiveness of their treatments.

All soil samples at both laboratories were mixed with each
respective formulation in a manner comparable to ex-situ
stabilization treatment processes. Only larger-scale (and,
thus much more expensive) treatment tests could mimic in situ
treatment applications. Because a formulation to effectively
treat the arsenic-affected soils must be developed first,

smaller laboratory-scale trials were determined to be the best
first phase approach.

The Water test was included as a measure of a formulation’s
success because site soils will not experience organic acid
production similar to that of a landfill, for which the WET
and TCLP tests were developed.

A3.0 RESULTS

The results of the WET, TCLP, and Water leaching tests on the
treated soil samples are presented in Table A2. The
regulatory levels for arsenic and lead in the extracts of the
WET and TCLP tests are both 5 mg/L. The results show that all
of the treated soils produced arsenic WET concentrations well
above the regulatory level. Treated samples #1 and #2 also
had WET lead concentration well above 5 mg/L. Sample #3,
which had an untreated WET lead concentration of only 5.1
mg/L, produced WET lead results below 5 mng/L for all
treatments. The Chemfix formulations  (particularly "Fo5")
decreased WET concentrations of arsenic by up to 10 times more
than the formulations tested by Kiber. WET concentrations of

lead also were lower in soils that were treated with the
Chemfix formulations. :

For TCLP arsenic concentrations, only Chemfix "Fo5" produced
arsenic leaching concentrations below the regulatory limit for
all three soil samples. None of the Kiber formulations tested
produced arsenic TCLP extract concentrations below the TCLP
regulatory limit. ©Of the Kiber formulations, Class C Fly Ash
provided the best stabilization of arsenic using the TCLP test
(8.4 mg/L). TCLP lead concentrations for the untreated soil
samples were all below the regulatory level. Consequently,
all treated soil samples also generated TCLP lead
concentrations equal to or below the regulatory limit.

1563/Appendix/NAS A=2
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Similar to the results based on TCLP analysis, only Chemfix
"FO5" produced Water arsenic concentrations below 5 mg/L for
all three soil samples. Of the three Kiber formulations
analyzed by the Water extract, Portland cement succeeded in
producing a Water arsenic concentration below 5 mg/L for
samples #2 and #3 and cement pPlus Ferric chloride succeeded
for sample #3. Water lead concentrations for the untreated
soil samples were all below 5 mg/L. Consequently, all treated
soil samples also generated Water lead concentrations below 5
mg/L, except for sample #1 treated by Chemfix "Fos" (13.1
mg/L). This last result is suspect because of the low Water
leachability of lead from the untreated sample (< 0.5 mg/L).

A4.0 CONCLUSIONS

Although none of the stabilization technologies were effective
in treating soils to achieve the WET regulatory levels for
arsenic and lead, Chemfix "F05" was able to lower TCLP
concentrations of arsenic and lead to below the regulatory
limit of 5 mg/L. Chenfix formulation "FO5" also was
successful in lowering Water leachable arsenic and lead to
below 5 mg/L. Therefore, it appears Chemfix "Fos" could be

used to stabilize the arsenic- and lead-affected soils at the
Site.

1563/Appendi x/BAS A=-3
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Semple Locations and Some Physico-

TABLE Al

Chemical Characteristics of the Sofls Tested

Sample Location bDepth X Moisture* pH* Arsenic* Lead* --;;H::-
ST I;;;;f:""'"""""""'""""'""IZIZZZIfﬁﬁf::::,},;};;fII:IIZIIIIIIII
#1 near $8-10 1to3 16 6.7 to 6.9 15,000 to 22,500 14,600 to 30,200 2,741
#2 near SB-9 2tob 17 to 18 6.5 12,588 to 23,600 5,500 to 6,500 1,413
#3 near $B-6 10 to 12 20 to 25 5.8 6,600 to 10,400 75 to 100 <40
: --------- === ==z= = 2z

** Results reparted by Chemfix only.

1563/F1X-TAB1.uq1

Data are the range of results reported by Kiber and Chemfex.
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TABLE AZ

Sumnary of Stabilization Tests on Arsenic- and Lead-Affected Soils

sz '] C11)

seccv-sesssneecaiCample #]-eec--- R L GhELELEEET ~Sampile W2-----------sete wemeaooooeonol. Sample ¥3r vecemenaaaao-
valume . WET TCLP Water WET TCLP Water WET TCLp Liater
Lab Formlation = Company  Expansion # As Pb As Pb As Pb As Pb As Pb As fb As Pb As Pb As Pb
D
Kiber: UNTREATED 2,237
HWT-T ** vr 1.7 6,409 m7m HA HA HA NA 3,590 27 NA HA NA WA L, 529 1.4 WA NA WA NA
WUT-25 ** Wt e.3 6,730 180 NA NA NA NA 4,699 47 NA NA KA HA &, 422 1.9 NA HA A KA
Chembond [ #* Fluid tech 16.3 4,680 176 WA RA NA NA 4,6v9 0 NA WA HA NA 4,574 2,0 NA NA HA WA
Portland Cement none 15.7 4,880 21_0 156 «<0.5 10.4 0.5 2,15¢ 26 107  «<0,5 3.7  «0.% 3,221 1.0 121 «<0.5 1.6 «0,%
Clase C Fly Ash none 23.0 1,991 141 12¢  «<0.5 1M1 <0.5 5,715 241 1 <05 a9 0.5 4,699 4.k 8.4 <0.5 2% A5
Cement/Fervic Chloride none 12.7 1,181 39 131 0.5 15 .5 1,650 24 128 0.5 28.3 «0.,5 1,977 1.1 &7 0.5 1.3 «0.%
Chemf ix: UNTREATED 1,.ur 256 250  0.61 RA NA 1,395 198 263 0,45 WA NA 11 D16 22 =<0.02 NA KA
“FOAT Chemfix 2.3 340 &2 4.1 <Q.02 8.9 «0.02 W4 40,8 B2 <D.02 1.6 0.77 182 <0.02 0.35 «<0.02 0,75 0.8
“FO5~ - 30.3 334 139 3 L 3.4 131 230 24 1.9 0.7 2.3 0.7 213 <0.02 «<0.01 <0.02 0,52 0.08
EEK. AEEEE mAEEREFN IXEZTA EBEZEEREN EXXTE X £ 2 EXXTE EXky =
Kotes:

* only those mixtures that produced the beat results for esch formulation are presented,
*“* indicate proprietary formulations ,
¥ percentages sre aversge increases for sll three samples

HA = not analyrzed.

AS = Arsenic

Pb » Lead

WET = Waste Extraction Tesl

TCLP = Toxicity Charecteristic Lesching Procedure

1363/F1X-TABZ . wql
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Levine-Fricke
Revision: 1
Date: 8/27/91

TREATABILITY STUDY REPORT FOR
LEVINE/FRICKE, INC.

1.0 INTRODUCTICK

In June of 1991, Kiber Associates, Inc. (KIBER), was retained by
Levine/Fricke, Inc. of Emeryville, California to perform a bench
scale immobilization treatability study on soils contaminated
primarily with lead and arsenic.

The purpose of the bench scale immobilization testing process is to
identify a method or methods which will reduce the mobility of lead
and arsenic. "Immobilization refers to treatment processes that
are designed to accomplish one or more of the following: 1) improve
handling and physical characteristics of the waste; 2) decrease the
surface area of the waste mass across which transfer or loss of
contaminants can occur: and 3) 1limit the solubility of any
hazardous constituents of the waste." {(Stabilization/Solidification
of CERCLA and RCRA Wastes EPA/625/6-89/022).

The primary objectives of the study were as follows:

. Determine the feasibility of the treatment
process for stabilization of lead and arsenic
in the waste material provided;

. Determine the analytical characteristics of
the treated material through the TCLP, WET and
water solubility tests;-

. Determine the engineering/geotechnical
properties of the solidified materials.

Through the treatability testing, KIBER was tasked with evaluating
immobilization technologies to determine which method and which

particular agent would be suitable and effective for treatment of
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the material.

The ensuing discussions will detail the procedures employed to
evaluate the immobilization agents and will provide all analytical
data which was derived from the study.

320400\ Levine? 2
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2.0 TREATMENT METHODOLOGY AND ANALYTICAL RESULTS

2.1 TESTING TECHNIQUES USED FOR THE 8TUDY

The testing procedures used to evaluate the efficiency of the
treatment technology include a variety of leachate generating
tests. These tests were used in the study to characterize the
untreated waste and to produce comparable results in the treated
solidified materials developed later in the study. Each can be
described as follows:

. The Toxicity Characteristic Leaching Procedure (TCLP) is
a nationally recognized test which recently replaced the
EP Tox1c1ty procedure as a criterion for determining if
a waste is considered hazardous. In this procedure, the
solidified sample is crushed so that it will pass through
a 9.5 mm screen. One of two buffered acidic leaching
solutions 1s introduced to the waste depending of the
alkallnlty and buffering capacity of the waste. The
solution is added to a container at a liquid to solid
ratio of 20:1 and the sample is agltated at 30 rpm for 18
hours. The leaching solution is then filtered and
analyzed for the subject constituents.

. The California Waste Extraction Test (WET) differs from

TCLP in the following parameters:

The leaching solution used is sodlum

citrate at a pH of 5.

Smaller liquid to solid ratio (10:1)

Smaller particle size (less than

2.0mm)

Longer extraction period (48 hours)
The State of California uses WET to classify hazardous
waste. Because of the different metal chelating ability
of sodium citrate solution, WET is a more stringent leach
test than TCLP for some metals.

. The third leachate test employed for this study involved
the evaluation of the solubility of the target compounds
in water, which will hereafter be referred to as the
Water Solubility Test. -This extraction method was
performed identically to the WET test except that the
addition of acid was eliminated. This test was performed

320.400\levine? 3
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at the request of the client to evaluate the solubility
of lead and arsenic.

2.2 UNTREATED SAMPLE ANALYSIS

Three 5 gallon samples were shipped to KIBER's Atlanta facility on
June 20, 1991 via Federal Express. Upon receipt, each sample was
mixed thoroughly to homogenize the material and subsamples were
portioned from each for analysis prior to treatment.

The parameters evaluated prior to treatment included the following:

Total Petroleum Hydrocarbons'(TPH)
Total Lead

Total Arsenic

TCLP Lead

TCLP Arsenic

WET Lead

WET Arsenic

Water Solubility for Lead
Water Solubility for Arsenic
Percent Moisture

pH

> L ] L ) [ ] L] * L] [ ] » L ] L

The analytical results of the untreated sample analysis are given
in Table 1. )

2.3 MIXTURE PREPARATION

Six different types of immobilization agents were tested in this
study. These were selected by Kiber and by the client to represent

those materials which are inexpensive and readily available to the

site, as well as other more specialized proprietary agents designed

specifically to target inorganic compounds. The agents used are as

320.400\1levine2 4
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follows:
. Type 1 Portland Cement {cement)
. HWT-7 * :
. HWT-25 *
. Chembond II *
. Cement/Ferric Chloride
. Class C Fly Ash

* These materials are proprietary mixtures developed by
International Waste Technologies (IWT, HWT-7 and HWT-25) and Fluid
Systems (HAZCO Chemical Bond II).

International Waste Technologies (IWT), based in Wichita,
Kansas, has developed a series of agents many of which
have been designed specifically to target high levels of
inorganic contaminants while maintaining favorable
Physical properties. These compounds have been labeled
"Poly-functional Reactive Silicates". IWT materials have
been tested successfully through the EPA SITE program and
are currently being used for the full scale remediation
of the General Electric Site in Hialeah, Florida. KIBER
has worked on a number of projects with IWT and is
familiar with their blending methods and techniques for
application.

Fluid Tech, Inc., also known as HAZCO, of lLas Vegas,
Nevada, is the developer of a series of stabilization
agents now widely used in the long-term management of
nuclear wastes, where the requirements for performance,
leach-resistance and economy of volume expansion are
stringent. Recent work shows that they are also
effective 1in treating organics and metals, while
controlling increases in volume. They have been
demonstrated to be 1less exothermic than common
stabilizers such as cement/pozzalan technologies. A
recent California site test illustrated that, in a
conventional approach, the temperature rose 26%C, while
Fluid Tech rose only 3°C. This low heat release is a

significant advantage in scils containing high levels of
VOCs.

KIBER developed a total of 24 mixtures for each sample, using the
above agents or the combinations thereof. The types of agents and
concentrations used are presented in Tables 2 through 4. In order

to facilitate the mixing process and to activate the binding
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mechanism of the agent, it was necessary to add water to the agent
to form a slurry prior to blending. Tables 2 through 4 also list
the quantities of water used in each mixture. The agent/water
slurry was added to the contaminated soil on a by weight basis. As
an example, in a mixture using 20% cement and 20% water, 40 grams

of agent and 40 grams of water were mixed together and then added
to 200 grams of contaminated soil.

The mixes were develoﬁed by measuring a portion of the sample using
a triple beam balance. The agent is similarly weighed to equal the 7
specified percentage to be used in the mixture. The blending was

performed by placing the sample/waste/water slurry in a stainless
steel bowl and mixing using a paddle-type mixer. The
sample/agent/water mixture was blended at a rate of 25-30 rpm for
2-3 minutes, until visually homogenous. The blended sample is then
compacted in a container measuring approximately 2 x 4 inches in

size where it is allowed to cure at room temperature and at 90%-95%
humidity.

2.4 AGENT/MIXTURE EVALUATION

The first series of tests performed by Kiber involved the testing
of each sample/agent mixture for increases in volume and for
physical integrity using the pocket penetrometer. Penetrometer

readings and volume increase data are given in Tables 2 through 4.

Each mixture was tested after cure times of 1, 3, 7, 14, and 21
days using the pocket penetrometer. Although the penetrometer
provides only general values as to the physical strength of a
mixture, it is very useful in providing results which often later
correlate with more expensive physical strength tests. With the
exception of Class C Fly Ash, the mixes demonstrated favorable

physical properties (>4.5 tons/sq.ft. = >62.5 psi) after one to

320.400\Levine2 6



Levine—-¥ricke
Revision: 1
Date: B/f27/91

three days of curing.

Based on the penetrometer readings, on volume increase data and on
visual evaluation of the mixtures, Kiber selected one mixture from
each agent type for leachate analysis. These mixtures were
subjected to the Cal WET after a curing period of 21 days. The
resulting leachate from this test was analyzed for the presence of
lead and arsenic. The analytical results are presented in Tables
2 through 4. These results indicate that high concentrations of
both lead and arsenic will continue to leach from all of the
mixtures tested (including proprietary compounds) . In fact,
arsenic concentrations commonly increased from the untreated sample
data while lead showed a slight decrease. Some improvement in
arsenic and lead concentrations through the WET test were noted
with the use of the cement and ferric'chloride combination. This
combination demonstrated the only decrease in arsenic levels:
however, the results remained high. Slight decreases in lead

concentrations were also observed in the cement and ferric chloride
combination.

In the next series of tests, selected mixtures were subjected to
the TCLP and Water Solubility tests and the leachate was analyzed
for lead and arsenic. The results of this testing are presented in
Table 6. These results indicate that leachate concentrations of
lead and arsenic will be reduced when épplying either of these two
tests.

320.400\Levine? 7
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3.0 BUMMARY

As is illustrated in Table 1, there is considerable differences in
the data generated from the untreated material when comparing the
WET, TCLP, and water solubility leach tests for arsenic and lead.

The results of the treatability testing demonstrate that the
immobilization technology will reduce levels of arsenic and lead

only to the extent that less stringent leachate tests are employed
as the evaluation criterion.

When applying the cCal WET, arsenic and lead leaches in
concentrations that sometimes exceed the untreated analysis,
indicating that significant variations in PH resulting from the
addition of agents is having an adverse effect on the binding
mechanism. The presence of sodium citrate in the WET procedure

additionally dissolves soil surfaces (e.g. iron hydroxide) that
retain arsenic.

320.400\levine2 : 8
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DISCLAIMER

When performing treatability studies, Kiber Associates is typically
provided with samples from a given site. These samples usually
have been collected by site personnel and are intended to be
representative of the site materials. The accuracy of the
treatability study, however, is only as accurate as the accuracy of
the sample taken in the field. Since KIBER has no control over the

sample collection, the results of the study are assumed to be only
estimations of the anticipated results.

Kiber Associates has applied our best technical and scientifie
knowledge to the performance of the work under the econonic
parameters of this study. The information contained in thls report
irn no way guarantees the same results in full scale adaptlon, and

is only meant to be used as a guideline for operational procedures,

Farthermore, the study period defined by the client 1limits the
evaluation of technologies to a specified time frame. KIBER can
evaluate the technologies based on this time frame, however, we
cannot comment on the long term effects.

320.4007 | evine2 9
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KIBER ASSOCIATES, INC.
TREATABILITY STUDY FOR LEVINE-FRICKE
UNTREATED SAMPLE RESULTS

TABLE 1

Bucket 1

6.88

Percent Moisture 16.1%
Total Lead 30,200 mg/kg
Total Arsenic 14,961 mg/kg
Total Petroleum Hydrocarbons (TPH) Method 418 11,054 mgikp
'TPH Method 8015 (modified) Appendix A
TCLP Lead <0.5mg/
TCLP Arsenic 422 mg/
WET Lead 310 mg/l
WET Arsenic 2,237 mg/l
Water Solubility for Lead <0.5 mg/
Water Solubility for Arsenic 1,588 mgA

Bugkct 2

6.53
Percent Moisture 17.1%
Total Lead 6,500 mg/kg
Total Arsenic 12,490 mg/kg
Total Petroleum Hydrocarbons (TPH) Method 418 7218 mg/kg
‘TPH Method 8015 (modified) Appendix A
TCLP Lead <0.5 mg/l
TCLP Arsenic 351 mgA
WET Lead 251 mgA
WET Arsenic 2,361 mpA
 Water Solubility for Lead <0.5 mp/
Water Solubility for Arsenic 2,175 mg/l
ucket 3
pH 58
Percent Moisture 19.7%
Total Lead 100 mg/kg
Total Arsenic 6,621 mg/kg
Total Petroleum Hydrocarbons (TPH) Method 418 1,008 mg/kg
TPH Method 8015 (modified) Appendix A
TCLP Lead <0.5 mg/l
TCLP Arsenic 250 mg/l
" WET Lead 5.1 mgi
WET Arsenic 2,299 mp/l
Water Solubility for Lead <0.5 mg/
Water Solubility for Arsenic 348 mg/l
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TREATABILITY STUDY FOR LEVINE/FRICKE
SERIES I TESTING
TABLE 2
BUCKET #1

POCKET PENETROMETER READINGY:
SAMPLE AY D. : D

1D#

1-1

2-1

3.1

4]

5.1 . - . . >4,¥ 1% 6.7
61 HWT-25 0% 15% 45 54,5 *4,5 >4.5 >4.5 2% 8.6
7.1 HWT-2§ 3% 18% X 45 4.8 >4.5 »4.3 11% 9.2
81 HWT-2§ D% 22% 4.5 »4.8 »4.5 >4.5 »4,§ 18% 104
9. CHEM BOND Ii 15% 15% 245 4.5 4.5 > 4.5 >4.8 7% K
10-1 CHEM BOND 11 0% 20% >4.5 >4.5 4.5 »4.5 >4.5 T 18% 27
11-1 CHEM BOND 11 5% 5% > 4.5 4.5 >4.5 4.5 >d.5 1% 3.2
121 CHEM BOND Il % 0% »4.5 >4.5 >4.5 »4.5 >4.5 % 24
131 TYPE ] PORTLAND CEMENT 15% 13% 4.5 >4.8 4.5 >4 >4,5 1% 3.3
141 TYPE ] PORTLAND CEMENT 10% 13% IE; > 4.8 >4.5 4.5 »43 % 16
151 TYPE ] PORTLAND CEMENT 1% 5% 4.5 4,8 >4.5 >4,5 54,5 1% 1.0
16:1 TYPE | PORTLAND CEMENT 0% 2% 10 >4.5 »>4.8 4.5 »4.8 17% 3.4
17:1 CLASS C FIA 15% 13% 0 0 . 018 3.5 >4.5 2% 0.3
18-1 CLASS C FIA 20% 15% 0 0 » 2.5 >4.5 i% 0.1
19-1 CLASS C F/A 25% 16% o [} .0 2.3 4.5 1% 0.7
20-1 ] CLASS C F/A W% 17% o 0 0,50 1.4 45 5% . 0.9
21-1 CEMENT/FERRIC CHLORIDE 20% 1% 15% 4.5 »d.5 »d5 >4.5 >4.5 % 6.1
-1 CEMENT/FERRIC CHLORIDE 10%,1.5% 16% 4.5 >4.5 »4.5 > 4.5 =45 ) % 3
23.1 CEMENT/FERRIC CHLORIDE 10%,2% 16% 45 >4.5 >4.5 >4.5 >4.5 8% 53
24-1 CEMENT/FERRIC CHLORIDE 20%,1.4961% 16% 45 >4.5 . 548 4.5 »4.5 % 1.4

*WET w Wet Extraction Teat Pecformed Alter 21 Day Cure Time
na = Not Apalyzed

SAMPLE
ID# | YP AGEN: W ‘ )
1.1 HWT-7 H% 11.906 6,409 171
$-1 HWT-2§ 15% 11,251 6,750 180
10-1 CHEM BOND 1] 20% 15.358 4,880 176 .
15-1 TYPE { PORTLAND CEMENT 15% 12,380 4,880 210
26-1 CLASS C FlA 17% 9.160 1,991 141
121 CEMENT/FERRIC CHLORIDE 20%,1.5% 16% 1,977 250
31 CEMENT/FERRIC CHLORIDE 0%2% 16% 11.870 1,781 91
UNTREATED SAMPLE RESULTS 2,237 310
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KIBER ASSOCIATES, INC.
TREATABILITY STUDY FOR LEVINE/FRICKE
SERIES [ TESTING
TABLE3
BUCKET #2

SAMPLE
1.2 WT-7 15% 15% >4.5 > 4.5 >4 >4.5 »4.5 % 8.7
-2 HWT-? 20% 15% >4.5 >4.5 >4,5 >4.5 >4.5 1% 10.1
32 HWT-T % 18% >4.3 »4.5 >4.5 »4.5 >4.5 14% 11.3
4-3 HWT-7 0% 2% >4.5 >4.3 >4.5 >d4.5 »4.5 5% 116
31 HWT-2$ -13% 15% >d4.5 >4.3 >4.5 >4.5 >4.5 1% 8.7
6-2 HWT-23 0% 15% >4 >4.5 >4.5 >4.5 >4.5 % 9.3
11 HWT-15 5% 18% =48 >d4.5 »4.3 >4.5 »4.5 12% 11.0
B-2 HWT-23 0% 1% »4.5 »4.5 >4.5 »4.5 »>4.5 21% 12.5
9.3 CHEM BOND 11 15% 13% »>4.5 >4.5 >4.5 »4.5 >4.5 7% 3.9
10-1 CHEM BOND 11 W% 20% >4.5 »d.5 »4.5 >4.5 >4.5 11% 3.6
1.2 CHEM BOND Il 5% 25% >4.3 >4.5 >4,5 >4.5 =45 0% 4.0
122 CHEM BOND I 0% 0% >4.5 >4.5 > 4,5 >4.5 >4.5 410% 40
1)1 i TYPE [ FORTLAND CEMENT 15% 15% >4.5 . x 4.3 >4,¥ >4.5 >4.5 1% 3.2
14-1 TYPE [ FORTLAND CEMENT W% 13% >4.5 >4.5 >4.3 > 4.5 »>4.5 7% 54
15-1 TYPE | FORTLAND CEMENT 5% 18% »4.3 »>4.5 >4.8 >4.5 >4.5 14% 54
16.2 TYPE | PORTLAND CEMENT % 2% >4.5 >4.3 >4.5 >4 5 4.5 1% 16
17-1 CLASS C P/ 15% 11% 0.2§ 0.50 0.50 3.0 »>4.3 % 1.1
18-2 CLASS C FIA 0% 13% 0.25 0.50 1.4 2.5 4.0 10% 0.8
19-2 CLASS C FiA 5% 4% 0.28 Q.36 1.0 >4,5 >4.5 4% 1.4
102 CLASS C F/A 0% 15% 0,25 0.50 2.0 »4.5 > 4.5 18% 18
21-2 CEMENT/FERRIC CHLORIDE 0%.1% 16% >4.5 »4.5 >4.3 >4.5 »>4.5 8% 1.1
21-2 CEMENT/FERRIC CHLORIDE 20%,1.5% 17% >4.5 >4.5 >4.5 > 4.8 »4.5 10% 59
23-2 CEMENT/FERRIC CHLORIDE 10%,1% 18% »>4.5 »4.5 >4.5 >4.5 >4.5 12% 9.2
42 CEMENT/FERRIC CHLORIDE 26%,1.249% 19% >4.5 >4.3 >4.5 >4.5 >4,3 9% L0

*WET = Wet Extractlon Tent Peclormed After 21 Day Cure Time
ns = Not Analyzed

1 HWT-7 T 0% 15% 11.304 3,590 27.1
62 HWT-25 0% 15% 10.844 4,699 47.1
10.2 CHEM BOND Il 20% 0% 10,929 4699 101
15:2 TYPE | PORTLAND CEMENT 5% 18% 12386 2,759 26.1
-1 CLASS CF/A 0% 15% 8.923 - 5715 241
121 CEMENT/FERRIC CHLORIDE 10%,1.5% 17% 11.875 2,435 22,1
112 CEMENT/FERRIC CHLORIDE 20%,2% 15% 11.812 1,650 23.9
UNTREATED SAMPLE ANALYSIS 2,361 251 J

JI0.40Mplad
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Revisian: 1
KIBER ASSOCIATES, INC. Date: 08/15/51
TREATABILITY STUDY FGR LEVINE/FRICKE
SERIES 1 TESTING
TABLE 4
BUCKET #3

SAMPLE

1ID#

1-3

-3

3-1

4.3

5.3 . . . % 8.6

§-3 HWT-25 20% 15% 4.0 >4 >4 E »4.3 8% 1.5 ]
1.3 HWT.25 5% 18% 4.5 >4.5 »43 >45 »4.5 2% 5.5 ]
8-3 HWT-2§ 0% 2% 4.0 »4.5 >4.5 >4.5 >4.5 1% 113 1
9.3 CHEM BOND If 15% 15% T 45 >4,8 »4.5 >45 0% 3.5

10-3 CHEM BOND 1 20% 0% 4.5 > 4.5 >4.5 >3 >4.5 1% 41

113 CHEM BOND Il 5% 5% 4.0 >4.5 »4.5 > 4.5 > 4.3 35% 37 [
12-3 CHEM BOND I 0% 0% 4.5 »43 4.5 >4.5 > 45 19% 3

12.3 TYPE | PORTLAND CEMENT 15% 13% >4.8 > 4.5 »4.5 >4 >4.8 % 59

e TYPE ) PORTLAND CEMERT 0% 15% >4 »4.3 »4.5 > 43 >4.8 18% 6.9

153 TYPE | PORTLAND CEMENT 5% . 15% > 4.5 >4.8 ) >4 >4 % IS

16.3 TYPE1 PORTLAND CEMENT 0% n% > 4.3 >4.5 »45 >4.8 >4.5 46% 61

11-3 CLASS C F/A 15% 12% 0 0.25 2.50 1.0 > 4.5 ) 14

18- CLASS C FIA 0% 13% o 0.25 0.50 1.3 40 12% 1.3

19.3 CLASSC F/A 5% 4% 0 0.2 1.0 > 45 245 0% e

0.3 CLASS C F/A W% 15% 0 0.2 16 15 >4.5 26% 14

213 CEMENT/FERRIC CHLORIDE 0% 0% 1% >4.5 > 45 > 4.5 >4.5 >4.5 2% €1

12 CEMENT/FERRIC CHLORIDE 20%.0.6% 19% 245 >4.5 >4.5 >4.5 > 4.8 15% 74

33 CEMENT/FERRIC CHLORIDE 20%.,0.9% 19% 24,5 >4.3 43 245 >4.5 18% 74

2443 CEMENT/FERRIC CHLORIDE 20% ,0.6621 19% >4.3 >4.8 4.5 > 4.5 »45 17% 23

“WET = Wet Extraction Teat Peformed Alter 21 Day Cure Time
ni = Not Analyzed

SAMPLE J

1.3 HWT.? 15% 12%

5.3 HWT-2§ 15% 13%

43 CHEM BOND NI B 15%

14-3 TYPE | PORTLARKD CEMENT 0% 15%

10-3 CLASS C F/A 0% 1%

13 CEMENT/FERRIC CHLORIDE 0% 0.5% 19% -
3.3 CEMENT/FERRIC CHLORIDE 20%,0.9% 15% . 1,977

UNTREATED SAMPLE ANALYSIS 2,299 5.1

10,600\ abled
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KIBER ASSOCIATES, INC.
TREATABILITY STUDY FOR LEVINE/FRICKE
TCLP AND WATER SOLUBILITY TEST RESULTS

TABLE §

BUCKET # 1
15-1 TYPE | PORTLAND CEMENT 25% 18% 154 10.40 <0.5 0.50
20-1 CLASS CFLY ASH 30% 17% 121 111 <0.5 <0.5
23-1 CEMENT/FERRIC CHLORIDE 20%,2.0% 16% 181 111/118* 0.51 <0.5
BUCKET # 2 .
15-2 TYPE I PORTLAND CEMENT 25% 18% 107 37 <0.5 <0.5
20-2 CLASS CFLY ASH 30% 15% 91 91/86* <0.5 <0.5
23-2 CEMENT/FERRIC CHLORIDE 20%.2.0% 18% 128 283 0.50 <0.5
, BUCKET # 3
14-3 TYPET PORTLAND CEMENT 20% 15% 121 1.58 <0.50 <0.5
20-3 CLASS CFLY ASH 30% 15% 8.42 236 <0.50 <0.5
233 CEMENT/FERRIC CHLORIDE 20%,0.9% 19% 67 1.28 0.50 <0.5

* Duplicate analysis performed

320,600 ables
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KIBER ANALYTICAL SERVICES SAMPLE # : 17001-1
TOTAL PETROLEUM HYDROCARBONS by GC

KAI/LEVINE-FRICKE SAMPLED (Date/Time/Init): 7/8/91, 10:00, BDJ

Bucket # 1 ANALYSIS (Date/Time/Init): 8/5/91, 23:48, DLC

MATRIX : SOLID
METHOD : CAL-DHS Volatiles (8015M)

- mg/Kg mg/Kg
| COMPONENT 1 IMDL] Concentration Blank Conc.
Gasoline 0.5 ND ND
Naphtha - 0.5 ND ND
Spirits 0.5 ' ND ND
Other Volatile HC (as gasoline) 0.5 14 ND

ND: Not Detected
MDL: Method Detection Limit

HYDROCARBON PATTERN DESCRIPTION: Does not match volatile hydrocarbon product patterns.

Volatile HC’s chiefly composed of C7 and C8 naphthenic hydrocarbons (cyclic aliphatics).
Some xylenes and paraffins are present.




KIBER ANALYTICAL SERVICES

SAMPLE # :

TOTAL PETROLEUM HYDROCARBONS by GC

17001-2

KAI/LEVINE-FRICKE SAMPLED (Date/T ime/Init): 7/8/91, 10:00, BDJ
Bucket # 2 ANALYSIS (Date/Time/Init): 8/6/91, 00:22, DL.C
MATRIX : SOLID
METHOD : CAL-DHS Volatiles (8015M)
| , mg/Kg mg/Kg
i COMPONENT b IMDL]| Concentration Blank Conc.
~ Gasoline 0.5 . ND ND
Naphtha 0.5 ND ND
Spirits 0.5 ND ND
Other Volatile HC (as gasoline) 0.5 100 ND

ND: Not Detected
MDL: Method Detection Limit

HYDROCARBON PATTERN DESCRIPTION: Does not match volatile hydrocarbon product patterns.
Volatile HC’s chiefly compaosed-of C7 and €8 aromatic and naphthenic hydrocarbons.

Mts Hh oo

Some paraffins are present.
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KIBER ANALYTICAIL SERVICES

SAMPLE # :

TOTAL PETROLEUM HYDROCARBONS by GC

17001-3

ND: Not Detected
MDL: Method Detection Limit

KAI/LEVINE-FRICKE SAMPLED (Date/Time/Init): 7/8/91, 10:00, BDJ
Bucket # 3 ANALYSIS (Date/Time/Init): 8/6/91, 00:51, DLC
MATRIX : SOLID
METHOD : CAL-DHS Volatiles (8015M)
mg/Kg mg/Kg
COMPONENT ] _MDL Concentration j| _Blank Conc.
Gasoline 0.5 ND ND
Naphtha 0.5 ND ND
Spirits 0.5 ND ND
Other Volatile HC (as gasoline) 0.5 <MDL ND

HYDROCARBON PATTERN DESCRIPTION: Pattern indicates the presence of a semivolatile hydrocarbon.
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TECHNOLOGIES, INC

LABORATORY REPORT

Prepared for: Levine Fricke

Laboratory Number: 001-008-

Date Received: 7/91 Date of Report: 3/25/91

sample Identification/Description:  [001-008]

Three, medinm percents solids soil wastes (numbered "* 1" ,*27, and
"37) were submitted for this analysis. They were assumed to be
vontaminated with leachable arsenic, lead, and purgeable hydrocarbons.

Treatment Study Goals:

The goal of the study was to formulate an arsenic, lead, and purgeable
hydrocarbon (TPH) treatment system which would reduce their respective
leachabilities to levels below regulatory standards. The untreated wastes
were analyzed for their total concentrations of arsenic, lead, and TPH. Mext,
¢ach waste was analyzed for its respective leachable arsenic and lead level
by the Toxicity Characteristic Leaching Procedure (TCLP), and the California
Waste Extraction Test (Cal WET). Also each untreated sample was analyzed
for pH, bulk density, and percent solids.

Two waste treatment formulae were applied to each waste with the
SiX resulting treatment samples being tested. The samples were then tested
for their leachable concentrations of arsenic and lead via TC LP, Cal WET, and
the non-acid Cal WET or "water zoluble” metals analysis.  They

TECHNOLOGY DEVELCHPMENT LABS
161 James Drive West, Suite 100
St. Rose, Louisiana 70087
{504) 461-0466
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were also tested for Unconfined Compressive Strength (UCS), butk density,
and volume expansion ratio.

None of the treatments produced successtul Cal WET leachable data, in

spite of posting some successes for the TCLP and the water soluble metals
test.
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001-008-ROA
Untreated Waste
*1
TCLP Data
Test Concentration Onits POL
Arsenic 25000 mg#l (EEREL
Lead 0.61 - mg/l 0015
001-008-ROA
Untreated Waste
*]
Cal WET Data
Test Concentration Unitg POL
Arsenic 1117.00 meg/sl noio
Lead 256.00 mg/l 0.015
001-003-ROA
Untreated Waste
=1
Totals Data
Test Concentration Units POL
Arsenic 22,475.00 mg/kg 0010
Lead 1464500 me/ke 0015
TPH 2740 50 mg ke 3930
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001-008-ROB
Untreated Waste
*2
TCLP Data
Test Concentration Units POL
Arsenic 26300 mg/l 0010
Lead 045 mg/sl 0015
001-003-ROB
Untreated Waste
*2
Cal WET Data
Test Concentration - Tnits POL
Arsenic 1395.00 mg /1 0.010
Lead 198.00 mgA 0.015
001-003-ROB
Untreated Waste
. »9
Totals Data
Test Concentration Units PUL
Arzenic 2363500 - mg/kg 0.010
Lead 532450 mg/kg 0.015
TPH 141300 mg/kg 3930
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001-008-ROC
Untreated Waste
*3
TCLP Data
Test Concentration Units POL
Arsenic 216 me/l 0010
Lead BOL mg/l 0.015
001-003-ROC
Untreated Waste
*3
Cal WET Data
Test Concentration Units POL
Arsenic 411.00 mg il 0.010
Lead 0.16 mg Al 0015
001-008-ROC
Untreated Waste
*3
Totals Data
Test Concentration Units POL
Arsenic 10,420.00 mg/kg 0.010
Lead 75,150 mg/kg D015
TPH EQL mg/kg 40.00
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001-008-FCSA

Cal WET Data
Test Concentration Units POL
Arsenic 536.00 mg /1 0.010
Lzad 139.00 me /1 015
001-003-FOS5A
Water Soluble Metals Data
Test Concentration Onits POL
Arsenic 340 mgsl 0010
Lead 13.10 me/l 0015
Treated Waste Data
(Cont.)
{Waste Sample *2)
001-008-F0O4B
TCLP Data
Test Concentration Onits POL
Arsenic 82.00 mg/l 0010
Lead BQL o mg /1 o013
001-008-FO4B
Cal WET Data
Test Concentration Units POL
Arsenic : 404 110 mg/l 0010
Lead 40.80 mg./1 D015
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001-008-F04B
Water Soluble Metals Data
Test Concentration Units POL
Arsenic 1.60 me /1 D.(il ]
Lead 0.77 mg/l 0015
001-008-F05B
TCLP Data
Test Conc¢entration Units _POL
- Arsenic 1.90 me /1 0.010
Lead 0.17 mg/l 0015
001-0038-F05B
Cal WET Data
Test Concentration Units POL
Arsenic 23000 me/l 0.010
Lead 2400 mg/1 no15
001-005-FO5B
Water Soluble Metals Data
Test Concentration Units POL
Arsenic 230 mg/l 0010
Lead 0.17 mg/t 0015
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{Waste Sample *3)

001-008-F04C

TCLP Data

Test Concentration Onits PQL
Arsenic , 0.36 mg/fl ' 0010
Lead BOL mg/l 0015

001-008-Fo4C

Cal WET Data
Test Concentration Tnits POL
Arsenic 182.00  medt 0010
Lead BQL mg/1 0.015

001-008-F04C
Water Soluble Metals Data

Tast Loncentration Units POL
Arsenic 0.75 me /st 0010
Lead D48 mg /A 0.015

001-003-F05C

TCLP Data
Test Concentration Units POL
Arsenic BQOL me 0010
Lead BQL mg/l 0015
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001-008-FO5C

Cal WET Data
Test Loncentration Units POL
- Arzenic 213.00 mg /1 0010
Lead EQL mg/l 0.015
001-008-F05C
Water Solubie Metals Data
Test Concentration Units POL
Arsenic 052 mg/1 0.010
Lead 0078 mg sl 0015
Untreated Waste
Physical Data
(Waste #1)
Unconfined Compressive Strength (ULS)
JLS-—— 000 tons/M2
Test Concentration Units POL
pH 6.70 SR ——
Bulk
Density 1.70 g/mi —_
Percent Solids 84 %o -—
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Untreated Waste
Physical Data
(Waste *2)

Inconfined Compressive Strength (ULS.)

JLS - » 300 1ons/ft.2

Test Concentration Inits POL
pH 6.50 SU. —
Bulk
Density 1.70 g/ml -—
Percent Solids 574 % ———
Untreated Waste
Physical Data
(Waste *3)
Dnconfined Comapressive Strength {ULS.)
JEL5--— 000 onsif2
Test : Concentration Units POL
pH 580 37. -—
Bulk ‘
Dencity 150 g/ml -—_
Percent Solids 5] % —_—
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Treated Waslie
Physical Data

001-008-F04A

Unconiined Compressive Strength {UL3.)

105, ----> greater than 4.5 tons /1.2

Test Concentration Units
Bulk

Density 121 Z/ml
Volume Expansion 29 S

001-003-FO5A

Unconfined Compressive Strength (0CS.)

LS -—-->greater than 45 tions/f1.2

Test | Concentration Units
Bulk

Density - 12 g/ml
Yolume Expansion 29 %

001-0035-F04B

Unconfined Compressive Strength (11 S))

JLCS. -—-> greater then 45 tons/N.2

Test Concentration Units
Butk ‘

Density 122 g/ml
Yolume Expansion 28 T

PIL

POL

POL
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QUALITY CONTROL LAB BLANK

Test Concentration Units POL
Arsenic BOL mg /1 D050
Lead BQL mg /i 0.130

BQL: BELOW QUANTITATION LIMIT
POL: PRACTICAL QUANTITATION LIMIT
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METHODS

Test Methods for E valuating Solid Waste
Phvsical /Chemical Merhods SW-846, USEPA 3rd Edition. Revised, November, 1986

Arsenic Method BDID.
Lead Method 6010
TPH {LUFT) Method 8015
" pH Method 2040

INITIAL DENSITY - FINAL DENSITY

YER = 100

e

INITAL DENSITY

¥ UER DATA HA" BEEN CORRECTED BY FACTOR OF TW0 FROM LAST PRELIMINARY
REPORT

Technical Review/Clerical Accuracy/Report Completeness Certified By:

il Botge_ JLOH

Technical Services Coordinator Date

Y. P Te«,hnvlo oy chloplygnt & Date / '
Management
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December 20, 1991 LF 1563.11

LABORATORY TREATABILITY BTUDY:
BIOTREATMENT OF HYDROCARBON-AFFECTED BOILS

Bl1.0 INTRODUCTION

A laboratory study was undertaken to evaluate the
effectiveness of bioremediation for treating hydrocarbon-
affected soils from the Sherwin-Williams Facility at
Emeryville, California (herein referred to as "the Site").

B2.0 METEODS AND MATERIALS

Soils

Composite soil samples were collected from three different
areas of the Site that were known to be contain petroleun
hydrocarbons: (1) the 0ils Tank Farm (OTF), (2) the Solvent
Tank Farm - Area A (STF-A), and (3) the Solvent Tank Farm -
Area B (STF-B) (Figure 2). The quantity and type of total
petroleum hydrocarbons (TPH) in the affected scils were
evaluated using a modified EPA Method 8015 analysis in the
Levine+Fricke laboratory. A 20 49 soil subsample was
extracted with 10 milliliters (mL) of pentane and 10 mL of
deionized water in a TFE-lined, capped vial. The vials were
shaken for five minutes and placed into an ultrasonic bath for
five minutes, followed by centrifugation to separate the
pentane from the water. The pentane was removed from the
extraction vial and placed into 2-mL auto sampler vials for
sample introduction into a gas chromatograph. A Hewlett-
Packard (HP) 5890A gas chromatograph, equipped with an HP
7673A Autosampler, a 30 m X 0.25 mm inside-diameter SPB-5
capillary column, and a flame ionization detector, was used to
characterize and quantify the TPH. The OTF, STF-A, and STF-B
soils were determined to contain TPH (quantified as Mineral
Spirits-66) at concentrations of 178161 mg/kg, 178+56 mg/kqg,
and 212t42 mg/kg, respectively (see Section 1.3 of the main
text for a more detailed description of these soils).

It should be noted that the hydrocarbon concentrations in site
soils have been quantified using several approaches. Field
investigations originally characterized the subject soils as
containing toluene, xylenes, and other TPH in the range of

1 mg/kg to 10,000 mg/Kg, using EPA Methods 8240 and 8270. The

1563 /Appendix/NAS B-1
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composite samples, which were collected for the laboratory
treatability studies, were analyzed using modified EPA Method
8015 to more accurately quantify TPH.

Phase I: 8¢il Amendments

The pH, soluble ammonia-nitrogen (N), and soluble ortho-
rhosphorus (P) of the hydrocarbon-affected soils were
determined to evaluate requirements for appropriate soils
amendments (e.g., nutrients, neutralizing agents, chelating
agents, etc.). Subsamples of 25 g from the OTF, STF-A, and
STF-B soils were placed in 100-mL glass beakers. A range of
specially designed Levine:Fricke nutrient solutions (SS) were
added to the trials. A chelating agent (C) also was added to
selected trials to increase the availability of phosphorus.
After allowing the amendments to react with the soil for at
least 48 hours, the soils were shaken with 0.1 M K21 for 1
hour to extract the soluble N and P. The samples were
centrifuged and the supernatant solutions were analyzed for N
and P. Measurements of pH were also conducted in order to
monitor acid or alkaline reactions induced by the soil
amendments.

Phase II: SBurfactants

A variety of nonionic surfactants, Adsee 7%9, Triton-X-100,
and Hyonic-NP-90, were evaluated for their ability to
solubilize petroleum hydrocarbons from the affected soils.
Subsamples of 25 g from the OTF, STF-A, and STF-B scils were
placed in 100-mL glass beakers. Surfactants (SF) were mixed
with water so that a final surfactant concentration of 10
mg/kg was added to the soil after soil watering. After
allowing the surfactant to react with the soils for at least
48 hours, the soils were shaken with 25 mlL of water to extract
solubilized hydrocarbons. The samples were centrifuged (after
adding 0.25 mL concentrated KCl1 to promote clay flocculation)
and the supernatant solutions were collected for TPH analysis.

Phase III: Microcosm Bioremediation

Based on the information produced by Phases I and 1II, the most
promising soil amendment combinations were tested in a
"microcosm" study for their ability to enhance the
biodegradation of TPH in site soils. A summary of all of the
treatments and trials is presented in Table B1 through B3.
Subsamples of 600 g from the OTF, STF-A, and STF-B soils were
Placed in 1-L glass canning jars. A large volume of headspace
(approximately 30 percent by volume) was left in the jars so

1563 /Appendi x/NAS B-2
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that adequate amounts of oxygen remained after sealing the
jars with screw-top lids. The selected soil amendment
combinations were added to the jars with 15 mlL of water. All
of the trials received a 2-mlL inoculation of microorganisms

- (B) except for trials #13, 14, and the control trials #15, 1le,

and 20, which received 2 mL of tap water. Control trials that
received no amendments (#5, 12, 16, and 20) were treated with

the same volume of water and the same frequency of mixing as
all other trials.

The trials were sampled (10 g) twice per week for pH, N, and P
analyses. Thorough mixing was performed before a sample was
collected. Similarly, a 20 g subsample was collected 1 to 2
times per week for TPH analysis using modified EPA Method
8015, described above. According to decreases in soluble N
and P, and the soil moisture content, the appropriate
amendments (including water) were added to the suitable
trials. To assure that each trial maintained a similar soil
moisture content, trials that did not receive a particular
soil amendment received the same volume of water.

B3.0 REBULTS AND DISCUSBION
Phase I: 8cil nhendmants

Preliminary screening of the samples for pH showed that some
of the STF soils were acidic (pH = 5.4 to 6.1). The pH of the
OTF soils was near neutral (pH = 6.8 to 7.4). Considering the
potential problems of acidity on P availability and on
microbial growth, the total neutralizable acidity (TNA) of the
STF soils was measured so that the required amount of
neutralizing agent could be determined. According to the SMP
buffer method (McLean 1982), the TNA of the STF-A and STF-B
soils was determined to be 3.6 meq/100 g and 2.9 meq/100 g,
respectively. Consequently, 0.2% (w/w) of CaCO; (1 meqg/50 mg)
was determined to be the appropriate amount of neutralizing
agent to add to the STF soils.

The N and P analyses of the OTF, STF-A, and STF-B soils were
used to estimate the appropriate amounts of nutrients required
to bring the soluble N and scluble P concentrations to proper
concentrations for active microbial growth. The Phase I study
revealed that less than 2.5 mg/L of soluble P was present in
the STF soils, indicating the strong tendency for these soils
to adsorb P. The adsorption of P in the OTF soils was not as
great as in the STF soils, as approximately 10 to 20 mg/L of

scluble P was observed in the former soil.
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concentrations (0.01 mol L', 0.02 mol L', and 0.1 mol L

a natural chelating agent were tested for their ability to
enhance scluble P concentrations. The specific chelating

agent and the applied concentrations were determined from

previous studies conducted in the ILevine-Fricke laboratory. -

The chelating agent was observed to successfully increase the
soluble P concentrations up to 7.5 mg/L in the STF soils and

To increase soluble P concentrations in these soils, thg?e
) of

‘up to 30 mg/L in the OTF soils. No significant differences in

soluble P concentrations were observed between the three
levels of chelating agent that were tested. Consequently, the
lowest chelating agent concentration was selected for use in
the bioremediation trials of Phase IIT.

Phase IXI: 8urfactants

Results of the surfactant tests revealed that no detectable
amounts of TPH (<10 mg/kg) were solubilized by any of the
surfactants studied. Because of the limitation of evaluating
the effectiveness of the surfactants by simply measuring
extractable TPH, the surfactants were still tested in Phase
III for their ability to enhance biodegradation rates.

Phase III: Microcosm Bioremediation

The results of the microcosm bioremediation studies for the
OTF, STF-A, and STF~-B soils are reported in Tables Bl through
B9. The degradation of soil TPH is given in Tables B1 through
B3 and selected trials are illustrated in Figures Bl, B2, and
B3. The changes in soil pH are presented in Tables B4 through
B6, and the levels of soluble P and N are provided in Tables
B7 through BS.

The results clearly show the soil TPH declined to below 10

- mg/kg in all of the soils studied. For one STF-A trial that

received an inoculation of microorganisms and no soil

amendments, the final analysis revealed a presence of 12 mg/kg

TPH. It must be noted that gaseous emissions of petroleunm
hydrocarbons from the soils were not monitored in this study.
Therefore, it is possible losses of petroleum hydrocarbons by
volatilization (i.e., the transfer of a chemical from the
solid or aqueous phase into the gas phase) may have
contributed to some of the perceived biodegradation.

The time required for nondetectable levels of TPH to be
achieved varied slightly between soils and treatments, but was
generally established between 3% to 5 weeks after the
biotreatment was initiated. Although Figures B1, B2, and B3
show there were some small variations between the rates of TPH
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degradation between different treatments, it is difficult to
discern any significant differences. The apparent rapid rates
of TPH biodegradation in the control trials for OTF and STF-A
soils were probably because of the almost 4~week "pre-
degradation” that these trials experienced while sitting in
sealed sample buckets in the Levine+Fricke laboratory before
the beginning of the microcosm biotreatment. Similar rapid
rates of TPH degradation were observed for the STF-B soils,
(which also experienced a one month "pre-degradation" before
biotreatment), as nondetectable levels of TPH were attained
within 2% weeks for soils that were treated with amendments.
The control trial for STF-B took almost twice as long to
achieve nondetectable levels of TPH, suggesting that the

addition of soil amendments positively influenced the rate of
TPH removal from this soil.

The evidence for microbial activity in the biotreatment
microcosms was exemplified by decreases in soil pH during the
course of the study for the OTF, STF-A, and STF-B soils
(Tables B4, B5, and B6, respectively). Decreases in soil pH
suggest active microbial processes, which are known to produce
acidity (e.q., organic carbon degradation to organic acids and
CO, and the nitrification of ammonia to nitrate [Alexander

'1977]). The addition of CaCO; to the more acidic STF soils

proved to buffer changes in PH more effectively than untreated
soils. For example, STF-A soils that received no CacCo,
displayed a final soil PH below pH 5, whereas CaCO;-treated
soils resulted in a pH above 5.5, Although the lower pHs
appeared to have no effect on TPH degradation in the
laboratory, for field biotreatment that may take longer than
three to five weeks to complete, high levels of acidity could

cause micronutrient deficiencies that depresses microbial
activity.

Microbial activity in the biotreatment microcosms also was
manifested in the consumption of nutrients, which is shown in
Tables B7, B8, and B9, for the OTF, STF-A, and STF-B soils,
respectively. Decreases in soluble N to 50 mg/L were used as
a basis to determine whether nutrients should be added to the
biotreatment microcosns. During the eight-week biotreatment
study, nutrients and the appropriate soil amendments were
added three times for the OTF and STF-A 80ils, while only ocne
nutrient addition was made to the STF-B soils during their
shorter five-week biotreatment. Soluble P in all soils
throughout the duration of the study proved to be very low,
usually below 2.5 mg/L. Although Phase I experiments showed
that additions of a chelating agent could increase soluble P
by at least two times, this effect was not apparent in the
microcosm trials. This may be the result of several
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possibilities: (1) microbial activity was higher in the
microcosm studies conducted about two weeks after the Phase I
tests, and (2) unlike Phase I, Phase III nutrient analyses
were not usually conducted within 24 hours of the nutrient
additions, thereby allowing more time for the adsorption of p
by soils and/or the consumption of P by microorganisms.

Soils receiving no soil amendments or inoculations of
microorganisms were able to achieve nondetectable TPH levels
within a period of time comparable to that of amended soils.
This observation suggests that, with adequate soil mixing and
watering, the native microorganisms and natural fertility of

the soils can promote substantial biodegradation of the
petroleum hydrocarbons.

B4.0 CONCLUSIONS AND RECOMMENDATIONS

This study showed that bioremediation of site soils is an
effective technelogy for lowering soil petroleum hydrocarbons
to below TPH detection limits (<10 mg/kg). With adequate
moisture and mixing, the indigenous soil microorganisms were
observed to catalyze the degradation of TPH to nondetectable
levels within 3% to 5 weeks. The addition of the appropriate
nutrients and soil amendments (neutralizing agents and
chelating agents) appeared to increase the remedial
effectiveness in some cases, but generally did not
significantly enhance the rates of TPH biodegradation or the
final measured TPH levels. The testing in Phase I, however,
revealed that selected additions of nutrients, chelating
agents, and neutralizing agents had a marked effect on raising
the fertility level of site soils to conditions that will more
likely stimulate microbial activity in the field,.

Considering that field conditions at the Site during the
winter months will not be as ideal as the laboratory
controlled conditions of this study, particularly temperature,
we recommend that the aforementioned soil amendments be added
to site soils to mitigate potential stresses and limitations
that can inhibit microbial activity in the field.
Additionally, when field-treating large volumes of
hydrocarbon-affected soils, the application of nutrients,
chelating agents, and pH controls will allow higher rates of
degradation, which will shorten the treatment perioed.
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TABLE B1Y

Total Petroleum Hydrocarbons (as MS-&6 Solvent) Present in Field-Moist OTF Soils During Five Weeks of Biotreatment
Bictreatment started July 25, 1990

OTF e i 2L R L LT
Trial Treatment 5 a 13 15 19 23 26 29 36 44 51
---------------------------------------------- LT R e R LT TP TR
#1 88, ¢, 8 151 54 <10 59 &7 93 a1 12 <10 <10
#2 85, C, SF, B 105 &4 <10 51 55 132 o5 <10 <10 <10
#3 S5, 5F, 8 196 26 <10 37 102 119 NA 19 <10 <10
#4 35,8 268 24 <10 82 97 124 3 22 <10 <10
#5 B 119 30 <10 116 25 75 13 <10 <10 <10
#13 s§s, C, SF 245 58 <10 18 53 135 54 36 <10 <10
#15  Control ** 157 163 34 78 NA 14 NA 1" <10 <10 <10
**  Started 8/21; -
actual days are: 12 30 43 43

Notes:

* Recent additions of amendments.

Ms-66 = mineral spirits 66 solvent supplied by Sherwin-williams.

$§ = 6 percent special nutrient solution of H, P, and micronutrients.

C = 0.005 percent chelating agent.

SF = 0.001 percent non-ionic sufactant.

B = Levine-Fricke laboratory-reared microorganisms.

HA = Not analyzed.

OTF = Qil Tank Farm
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TABLE B2

Tatal PYotal Petroleum Hydrocarbons (as MS-4 Solvent) Present in Field-Moist STF-A Sails During five Weeks of Biotreatment

Biotreatment started July 25, 1990

L R T T

DAy oo el
Trial Treatment 5 8 13 15 19 23 26 29 33 35 44 51
---------------------------------------------- Mg /KRG = e o e e e e e e el
#6 ss8,C,B 235 45 1 39 29 [a4 34 <10 <10 <10 <10
# 7 8s,C,SF,B 176 198 14 168 114 176 73 18 <10 <10 <10
#8 58,5F,B 241 as <10 179 a3 118 78 3B 27 <10 <1
#9 58,8 107 25 <10 &5 <10 55 " <10 <10 <10 <10
#10. ss,c,ca,B 163 &0 <10 61 15 103 29 <10 <18 <10 <10
#11 $§,Ca,B 176 23 <10 55 <10 88 30 18 <10 <19 <10
#12 B 177 15 <10 88 43 189 &2 78 &2 <10 12
#14  55,C,Ca,SF 15% 55 <10 41 <10 69 21 12 <10 <10 <10
#16 Control ** 158 115 91 10& n 12 <10 25 <10 <10 <10 <10
** Started 8/21;
actual days are: 12 20 36 41 43
Nates:
* Recent additions of amendments.
MS-&6 = mineral spirits 66 solvent supplied by Sherwin-Williams.
$3 = & percent special nutrient solution of N, P, ard micronutrients.
€ = 0.005 percent chelating agent.
SF = 0.001 percent nen-ionic sufactant.
B = Levine-Fricke laboratory-reared microorganisms.
NA = Not analyzed.
STF = Solvent Tank Farm
1563/TABLES-S.wq1 22-Kov-91



TABLE 83

Total Petroleum Hydrocarbons {8s MS-68 Salvent) Present in Field-Moist STF-B Soitls During Five Weeks of Biotreatment
Biatrestment started July 25, 1990

————— IE====c=3 3 1 3 =Z3ITRI
STF-B e DBY§ - - =~ o et
Trial Treatment 1 5 7 14 13 20 25 27 32 LA 39
---------------------------------------------- Mg/ Kg= == s === e e e oaas
#17  ss,c,Ca,SF,B 270 132 25 32 20 <10 <10 <10 <10 <10 <10
#18 ss,C,Ca,B 182 87 25 17 <10 <10 <10 10 <10 <10 <10
#19  S5,Ca,B 180 61 24 24 <10 21 <10 <10 <10 <10 <10
#20 Control 215 119 26 15 14 12 % 27 <10 <i0 <10
Notes:

* Recent additions of amendments.
M5-66 = mineral spirits 66 solvent supplied by Sherwin-Williams.

§§ = & percent special nutrient solution of N, P, ard micronutrients.
C = 0.005 percent chelating agent.

SF = 0.001 percent mon-ionic sufactant,
B = Levine-Fricke laboratory-reared microorganisms.
NA = Not analyzed.

STF = Solvent Tank Farm

1563/TABLES-S.wql RO 22-Nov-91



TABLE B4

The pH of OTF Soils During Five Weeks of Bictreatment

OTF L DayS§- -l

Trial Treatment a» 14 21 28 35+ 42 50+
............................ p"--.--------------—----a----_-
#1 ss.C.B 7.6 NA 7.1 7.1 6.9 6.6 8.4
#2 ss,C,5F,8 7.6 7.1 7.3 7.2 6.8 6.7 6.7
#3 SS,SF.B 7.5 NA 7.3 7.2 7.1 7.0 6.7
#4 55,8 7.5 NA 7.3 7.2 7.0 7.0 6.8
#5% B 7.3 6.8 7.2 7.4 7.1 7.3 7.1
#3  ss,c,sF 7.6 7.2 7.0 6.6 6.9 &.7 6.5
#15  Control »= 6.9 6.9 7.1 6.9 7.1 7.4 7.4
** Started 8/21;
actual days are: 15 23 29 38 43
Notes:
*

Recent additions of amendments.
MS-66 = mineral spirits &6 solvent supplied by Sherwin-Williams.

5§ = & percent special nutrient solution of N, P, and micrenutrients.
c 0.005 percent chelating agent.

SF = 0.001 percent non-ionic surfactant,
B = Levine-fricke taboratery-reared microorganisms.
NA = not anmalyzed.

eGP 11583/ TAB-PH- S, uq)
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TABLE BS

The pH of STF-A Soils During Five Weeks of Biotreatment

STF-A e Dayge----s---ccrcmmm
Trial Treatment ar 14 21 2B 35* 42 S0

............................ pH--_-----______-----..-----_--
#4& 55,C,B 6.5 NA 6.4 5.7 5.9 5.1 4.9
#7 S58,C,3F,B 6.4 6.2 6.3 5.7 5.8 4.8 4.9
#8 S5,5F,B 6.6 NA 6.3 5.9 6.3 5.3 5.2
#9 ss,B 6.2 HA 6.0 5.4 5.4 4.6 4.5
#10 ss,c,Ca,B 7.3 7.1 6.9 6.3 6.0 5.1 3.5
#11  s5,Ca,B 7.2 NA 6,9 6.6 6.6 5.6 5.5
#12 B 6.2 NA 5.9 5.5 3.7 5.4 5.4
#14  s5,C,5F,Ca 7.2 7.3 6.9 6.5 6.4 6.0 5.8
#16 Control ** 4.8 4.7 4.7 4.7 4.8 4.9 4.8

**  Started 8/21;
actual days are: 15 23 29 36 43

Notes:

* Recent additions of amendments.
M$-66 = mineral spirits 66 solvent supplied by Sherwin-Williams.
$5 = 6 percent special nutrient solution of N, P, and micronutrients.

€ = 0.005 percent chelating agent.

SF = 0,007 percent non-ionic surfactant.

B = Levine-Fricke laboratory-reared microorganisms.
NA = not analyzed.

1563/TAB-PH-5.wql
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TABLE B&

The pH of STF-B Soils buring Five Weeks of Biotreatment

STF-8 e i DAYS - L
Trial Treatment ™ i5* 21 28 35 42 43 56
................................. PH---...-----_--------.._—-----.----—-
#17  ss,C,Ca,SF,B 7.0 7.3 7.4 5.9 6.8 6.9 6.7 6.5
#18 ss,c,ca,B 7.0 7.4 7.6 7.3 6.9 6.7 6.5 &.4
#19  s5,Ca,B 6.9 7.3 7.3 6.9 8.9 6.8 6.9 6.6
#20  Contral 5.9 6.3 6.4 6.3 6.2 6.3 6.4 8.3
Notes:

* Recent additions of amendments.

M5-66 = mineral spirits 66 solvent supplied by Sherwin-Williams.

S5 = & percent special nutrient solution of N, P, and micronutrients.
c 0.005 percent chelating agent.

SF = 0.001 percent ron-jonic surfactant.

B Levine-Fricke laboratory-reared microorganisms.

WA = not analyzed.

1563/TAB-PH-S . g1 it
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TABLE B7

Soluble Phosphate (P} and Ammonia (N) in OTF Soils During Five Weeks of BioTreatment

--------------------------------------------------------------------- DAY = m e e e e e mwa ..
OTF 8 1% 21+ 28 33 35* 42 Sow
Trial Sample P N P N P N P N P N P N P N P N
et e Mg/ L= = m oo e e e et e e e i emwra e eeaa.
¥ 1 8s5,C,B 25 50-75 NA NA 2.5 75 <2.5 15 <2.5 5 <2.5 15 <2.5 5 <2.5 <2.5
#2 85,C,8F,B 25 50-75 2.5 2.3 2.5 73-10 2,5 25 NA NA <2.5 15 <2.% 10 <2.5 5-7.5
#3 S§5,5F,B 10 50-75 NA NA <2.5 100 2.5 23 NA NA <2.3 15 2.5 10-15 <2.5 2.5
#4 5S5,B 5 50-75 NA NA <2.,5 75 2.5 25-50 <2.9 10-15 2,5 25 2.5 15 2.5 15
#5 B 5 <2.5 2.5 2.5 <2.5 2.5 <2.5 2.5 NA NA <2.5 <2.5 2.5 5 <2.5 2.5
#13  ss,C,SF 2.5-5.0 100-12% 1 125 2.5 50 <2.5 15 NA NA <2.5 25 2.5 20 2.5 2.5
#15  Control <2.5 2.5-5.0 NA NA <2.5 <2.5 <2.5 5 <«?.5 2.5 <2.5 <2.5 NA NA NA NA
¥« Started B/21;
actual days sre: 15 23 : 29 34
Notes:

* Recent additions of amendments.

M5-66 = mineral spirits 66 solvent supplied by Sherwin-Williams,

§§ = & percent specisl nutrient solution of N, P, and micronutrients,
C 0.005 percent chelating agent.

§F = 0.001 percent non-ionic surfactant,

B Levine-Fricke laboratory-reared microorganisms.

NA = not analyzed.

HHuwun
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TABLE B9

Soluble Phosphate (P) and Ammonis (N} in STF-B Scils During Five Weeks of Biotreatment

------------------------------------------ e T TP
STF-B il 15* 21 28 35

Trisl Treatment P N P N P L] p N P N

------------------------------------------ L e LT T P

#17 ss,c,ca,SF,B <2.5 50-75 2.5 125-150 <2.5 75 <2.5 75-100 2.5-5  75-100
#18 ss,C,Ca,B <2.% 150 <2.5 200-250 <2.5 200 <2.5 50-75 2.5-5  75-100
#19  ss,ca,B 2.5 173 <2.5 125 <2.5 200-250 <2.5 50-75 2.5-5 75-100
#20 control <2.5 7.5 <2.5 5-7.5 <2.5 5 <2.5 2.5-5 2.5-5 15-20

Notes:

* Recent additions of amendments.

M3-66 = mineral spirits 86 solvent supplied by Sherwin-Williams.
$5 = 6 percent special nutrient solution of N, P, and micronutirients.

€ = 0.005 percent chelating agent.

SF = 0.001 percent non-jonie surfactant.

B = Levine-fFricke laboratory-reared microorganisms.
NA = not analyzed.
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FIGURE B1: CONCENTRATIONS OF TOTAL PETROLEUM HYDROCARBONS
(TPH) IN THE OILS TANK FARM (OTF) SOILS DURING
BIOTREATMENT. (TPH WAS QUANTIFIED AGAINST A MINERAL
SPIRITS-LABORATORY STANDARD.)
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FIGURE B2: CONCENTRATIONS OF TOTAL PETROLEUM HYDROCARBONS
{TPH) IN THE SOLVENT TANK FARM AREA A (STF-A) SOILS
DURING BIOTREATMENT. (TPH WAS QUANTIFIED AGAINST A
MINERAL SPIRITS-LABORATORY STANDARD.)
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FIGURE B3: CONCENTRATIONS OF TOTAL PETROLEUM HYDROCARBONS
(TPH) IN THE SOLVENT TANK FARM AREA B (STF-B) SOILS
DURING BIOTREATMENT. (TPH WAS QUANTIFIED AGAINST A
MINERAL SPIRITS-LABORATORY STANDARD.)
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LEVINE-FRICKE

December 20, 1991 LF 1563.11

LABORATORY TREATABILITY S8TUDY
BIOLOGICAL TREATMENT OF VOC- AND BVOC~AFPFECTED GROUND WATER

Cl.0 INTRODUCTION

A laboratory study was undertaken to evaluate the
effectiveness of biological treatment on ground water from the
Sherwin-Williams Site in Emeryville, California (herein
referred to as the Site), which contains nonchlorinated
volatile and semivolatile organic compounds (VOCs and sSvocs,
respectively). The literature is replete with examples from
both the laboratory and the field demonstrating the ability of
biological treatment systems to degrade nonchlorinated VocCs

and SVOCs to concentrations below the detection limits of
accepted EPA analyses.

In addition to the organic compounds present, the ground water
from the Site also contained high concentrations of arsenic
(up to 200 mg/L), which also may required treatment and
removal. The initial treatment concept for arsenic reduction
included the use of an electrochemical process to remove
arsenic before the biotreatment step. This arrangement of
pProcess technologies was conceived because of the potential
toxicity of arsenic on the microorganisms in the Bioreactor.
Alternatively, it appeared that removal of arsenic from the
aqueous phase via biological reduction under anaerobic
conditions was a possibility. The reduced forms of arsenic
would then be retained in the Bioreator biomass or sludge.
Further removal of arsenic from the ground water in the
Bioreactor also would be enhanced by the addition of iron
salts into the aerobic portion of the Bioreactor. Therefore,
the biotreatment study was designed to evaluate the

- biodegradation of VOCs and SVOCs before arsenic removal.

C2.0 OBJECTIVES

The overall objective of this study was to evaluate the .
effectiveness of a biological treatment process for degrading

VOCs and SVOCs in ground water. Specific objectives were as
follows:

1. determine the potential toxicity or inhibition of arsenic
on microbial growth in the Bioreactor '

1583/ Appendi x/NAS Cc-1
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2, evaluate the potential for the Bioreactor to remove
arsenic from ground water

3. determine the optimal operating conditions for effective
degradation of VOCs and SVOCs

4. develop process and design parameters for full-scale
bioreactor and ancillary equipment.

C3.0 METHODS8 AND MATERIALS

C3.1 Biologiecal Toxicity S8creening Study

Before initiating the bioclogical treatment study, a toxicity
screening study was performed to determine the effect of the
arsenic present in ground water on microbial activity. The
evaluation was performed by Tri-Bio of Allentown,
Pennsylvania, using ground-water samples collected from the
Site. The testing procedures and detailed results of the
study are included in the attachment to this appendix.

In summary, the results of the toxicity screening indicated
the presence of arsenic in the ground water did not exhibit
inhibitory effects on microbial populations capable of
biodegrading the organic compounds of concern. Based on these
results, it was determined to proceed with the laboratory
biological treatability study without pretreatment for arsenic
removal.

€3.2 Ground-Water Sam ng and Qua

Ground water from the Site was collected from various
monitoring wells and placed into two, polyethylene 55-gallon
drums for transportation to the Levine+Fricke Laboratory in
Emeryville, California. The ground-water sampling was
designed to represent a mixture of ground water that a full-
scale Bioreactor would receive under field conditions.
Another ground-water sample was collected from wells LF~2 and
LF-3 to approximate the VOC, SVOC, and arsenic concentrations
of the earlier sampling while minimizing the cost of sampling.
A final ground-water sample was collected from the storage
tank on the Site and mixed with arsenic-affected ground water
from well LF-1 and spiked with a variety of voCs.

The ground-water 3amples collected from the Site and treated
in the Levine-Fricke laboratory may differ somewhat in quality
from that which the field-scale Bioreactor would experience
for two reasons: (1) VOC, SVOC, and chemical oxygen demand

1563 /Appendix/NAS c-2
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concentrations may be reduced by biodegradation and
volatilization; and (2) adsorption of arsenic to the storage
vessel walls may affect arsenic concentrations. The most
notable difference was a reduction in COD concentration, as
initial cOD analyses showed an average COD concentration of
910 mg/L, while influent concentrations to the pilot-scale
Bioreactor were measured in the range of 400 to 500 mg/L. The
PH of the received water was measured at 8.3 pH units.

C3.3 Biological Reactor Pileot Plant (Bioreactor)

The study was conducted using a flow-through, submerged fixed-
film Bioreactor, consisting of four reactor cells that can be
operated under either anaerobic or aerobic conditions. The
total reactor volume was 20.4 L, with each of the four cells
having a capacity of 5.1 L. All of the reactor cells
contained rigid polyvinyl chloride (PVC) media with a high
surface-area~to-volume ratio. The influent ground water, plus
nutrients and supplemental carbon sources, was pumped
constantly into Cell 1 and then flowed sequentially through
Cells 2, 3, and 4. Each cell was equipped with a top-mounted,
downdraft turbine type mixer that provided thorough mixing
within the cell, as well as the transfer of gases in the cell
headspace back into solution. In the anaercbic cells of the
Bioreactor (Cells 1 and 2), the cells were sealed off from the
atmosphere to prevent the introduction of oxygen or the

release of headspace gases. The Bioreactor is shown in
Figure C1.

The treated liquid effluent and the suspended biomass, which
was sloughed from the PVC media, flowed into a clarifier where
the solids settled to the bottom. The clarified effluent was
then discharged over a clarifier weir while the settled solids

(biological sludge) were collected at the bottom of the
clarifier.

- ..

The hydraulic flows of all liquids (i.e., ground water,
nutrients, and spike) to the Bioreactor were requlated through
timer-controlled peristaltic pumps. Timer settings that
controlled pump operations were optimized to promote the most
continuous flows into the Bioreactor. The hydraulic residence
time (HRT) of the ground water in the Bioreactor was adjusted
at various times during the study from 8 to 46 hours.

-—-—...-—-

The pH and the oxidation reduction potential (ORP) were
continuously monitored by a Cole-Parmer (Model Number 5656-00)
PH/ORP set-point controller, which was connected to a
combination pH/temperature compensating probe and an ORP

1563 /Append i x/NAS c=-3
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probe. The ocutput signal from the pH unit controlled
peristaltic pumps that added 0.2 mol/L HCl or 0.2 mol/L NaCH,
as required for the maintenance of selected pPH ranges. Unlike
the pH, the ORP in the cells was not controlled automatically.

C3.4 Biological Treatment Process Design

For this investigation, the Bioreactor was configured to
operate in both the anaercbic and aerobic modes. The
treatment process was designed to have the first two cells
(Cells 1 and 2) function under anaerobic conditions and the
last two cells (Cells 3 and 4) operate under aerobic
conditions. The Bioreactor is designed to operate at ambient
temperatures.

Anaerobic Cells

To promote a reducing environment in Cells 1 and 2, a readily
degradable source of carbon {high-fructose corn syrup) was
added to Cell 1 using the timer-controlled peristaltic pump
described above. The intense biological activity resulting
from the readily degradable carbon source, coupled with the
lack of introduced oxygen in Cells 1 and 2, was anticipated to
produce a highly reducing environment. The anaerobic
condition was evaluated by measuring the ORP in Cell 1, and by
qualitatively assessing the presence of the products of
anaercbic microbial activity: methane and hydrogen sulfide
gas. Cell 2 received the effluent from Cell 1 and also was
expected to maintain an anaerobic condition through the
exclusion of oxygen.

The anaerobic conditions in Cells 1 and 2 were established to
create a highly reducing environment, which should promote the
removal of some forms of arsenic present in the ground water
as metallic arsenic and arsenic sulfides. Some arsenic also
may be removed from ground water in the anaerobic cells
through its sorption by microbial biomass. The anaerobic
cells in the Bioreactor also will promote the degradation of
chlorinated organic chemicals (Levines«Fricke 1990). Although
the ground water at the Site was not observed to contain
chlorinated organic chemicals to any significant degree,
limited pockets of chlorinated VOCs and SVOCs were found
(1,2-DCE in two B-zone wells and traces of chlorobenzene and
chloroethane in one A-zone well; see Section 1.2 of the main
text). Additionally, the biodegradation of some
nonchiorinated compounds in the ground water, such as methyl
ethyl ketone (MEK) and acetone, also would be anticipated to
occur under the anaerobic conditions of Cells 1 and 2.

1563/ Appendix/NAS C-4
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Aerobic Cells

The last two cells of the Bioreactor, Cells 3 and 4, were
maintained in an aerobic condition (dissolved oxygen > 2 mg/L)
to catalyze the biodegradation of hydrocarbons flowing from
the anaerobic cells. A previous treatment study, using the
same Levine+Fricke Bioreactor configuration as described
above, demonstrated the complete removal (i.e., below

laboratory detection limits) of hydrocarbons from ground water
{Levine+Fricke 1990).

Cells 3 and 4 were sustained in an aerobic condition through
the introduction of air into each cell using an air pump. As
described previously, the mixer mounted on top of each cell
provided thorough mixing and transfer of oxygen into the
liquid contents of Cells 3 and 4. The aerobic conditions of
Cells 3 and 4 were monitored daily by measuring the dissolved
oxygen with a YSI dissolved oxygen meter.

Additional removal of arsenic from the ground water was not
anticipated in the aerobic cells at the standard operating
conditions of the Bioreactor. Therefore, ferric chloride was
added to Cell 3 to provide ferric hydroxide surfaces for
arsenic adsorption/precipitation reactions to occur. The pH
in Cell 4 was adjusted from pH 8 to 6.5 to promote the
adsorption of the most oxidized form of arsenic, arsenate, to
hydroxide and sludge surfaces present in the cell.

Nutrients and Supplemental Carbon Sources

Nutrients and supplemental carbon sources (specialty solution)
were pumped as liquids into Cell 1 through Tygon tubing
connected to timer-controlled peristaltic pumps. The nutrient
solution was prepared by dissolving concentrated phosphoric
acid and ammonium hydroxide into tap water at concentrations
previously determined in the LevinesFricke laboratory to be
optimun levels for microbial growth in the Bioreactor.
Nutrients were added in amounts so that ammenia-nitrogen (N)
and ortho-phosphate (P} concentrations were maintained between
2 to 10 mg/L in the bioreactor effluent.

Spike Bolution

During certain periods of the treatability study, the influent
ground water was spiked with a variety of VOCs to compensate
for the loss of VOCs during collection, shipment, and storage
of the ground water. The loss of VOCs from ground water were
anticipated and were caused by a variety of processes,

1563 /Appendi X /NAS c-5
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including volatilization intoc the headspace of the drums,
naturally occurring microbial degradation in the collected

samples, and sorption to the interior surfaces of the sample
storage drunm.

The spike solution was created by dissolving selected VOCs
into an acetone/demineralized water solution, which was added
directly to the ground-water storage drum. The VOCs in the
spike solution were acetone, methyl ethyl ketone (MEK),
toluene, xylenes, and 2-hexanone. In addition, naphthalene
was added to the spike solution.

The spike solution was formulated and added to the ground
water to represent the relative amounts and concentrations of

known organic¢ compounds in the ground water, based on ground-
water monitoring data.

PH Control

Control of the Bioreactor pH was-especially critical during

- the operation of the anaercbic Cells where the production of

organic acids must be buffered to near neutral conditions for
optimum methanogenesis. The pH was controlled to between 6.8
and 7.4 in Cell 1 using a pH controller connected to a
pH/automatic temperature compensating combination probe that
controlled the pumping of 0.2 mol L' HCl or NaoOH through Tygon
tubing, as required. There was no pPH control in Cells 2 and
3. The pH in Cell 4 was lowered to pH 6.5 (in a manner
similar to Cell 1) during the arsenic removal study in which
Cells 1 and 2, functioning as anaerobic cells, were included
in the Bioreactor configuration. During the strictly aerobic
process (i.e., when Cells 1 an 2 were removed from the
Bioreactor configuration), the pH of Cell 4 was not
controlled.

Hydraulic Retention Time

The hydraulic retention time (HRT) in the Bioreactor ranged
from 24 to 46 hours in the combined anaerobic/aerobic
configuration. After removing the anaerobic cells from the

Bioreactor configuration, the HRT was controlled to range from
8 to 36 hours.

Bioreactor Monitoring

Samples from the Bioreactor were collected from Cells i, 2, 3,
and 4 by opening a sample tap located at the bottom of each
cell. The influent ground water was sampled before the
addition of nutrients, feed, and spike solutions. The
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effluent was collected from the liquid that discharged from
Cell 4, before entering the clarifier. The PH of each cell
was measured immediately following sample collection. For
nutrient and chemical oxygen demand (COD) analyses, the
solutions were filtered through Whatman #2 general purpose
filter paper. The filtrate was then analyzed for COD using a
Hach COD kit. A subsample was analyzed for N using a
Chemetrics colorimetric assay kit (Model Number K-1510) and

for P with a Chemetrics colorimetric assay kit (Model
Number K-8510D).

Other parameters that were monitored in specific cells ,
included ORP in Cell 1, dissolved oxygen (DO) in Cells 3 and
4, and total hydraulic flow from the Cell 4 effluent point
(pre~clarifier). The ORP was measured in Cell 1 using a probe
that was inserted through the top of Cell 1 via a rubber
stopper and that was connected to a panel-mounted ORP monitor.
Dissolved oxygen was measured in the Cell 3 and Cell 4 ligmid
using a YSI Dissolved Oxygen Meter and Probe. The hydraulic
flow was determined by diverting the effluent flow from the

clarifier and measuring the volume collected during a measured
periocd of time.

The concentration of organic compounds in the Bioreactor
system was evaluated by a State-certified laboratory that used
EPA Method 8240 and EPA Method 8270 procedures for determining
VOCs and SVOCs, respectively.

It should be noted that influent samples were diluted by about
30 percent with nutrient, feed, and spike solutions before
entering the Bioreactor. Because the reactor cells in the
bioreactor were mixed rapidly, the samples that were collected
from each Cell sample tap represented the contents of the
entire reactor cell. ;

C4.0 REBULTS AND DISCUBBION

C4.1 Anaercbic/Aerobjic configquration

Bioreactor Monitoring

The ORP, pH, COD, P, N, and DO measured in the Bioreactor
cells during the course of the study are presented in
Table Cl1. The results can be summarized as follows:

ORP: The ORP of Cell 1 was observed to be in the range og
.—=0.20 V to -0.47 V, with an average of -0.42 V. This
redox condition is highly reducing and is in the redox
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stability range where arsenic can be transformed to its
elemental form and precipitated as sulfides of arsenic.

PH: The pH of the Bioreactor cells ranged from 6.8 to 8.2.
The pH of Cell 1 was controlled to a pH between 6.8 to
7.4 to optimize the activity of anaerobic bacteria. The
PH of anaercbic Cells 1 and 2 averaged 7.0 and 7.1,
respectively, which was significantly lower than the pH
of aerobic Cells 3 and 4, which had an average pH of 7.9.
-For a period of about three weeks, the pH in cCell 4 was
lowered from 7.9 to 6.4 to promote the adsorption of
arsenic or oxyanions (e.g., arsenate) by iron hydroxides.

COD: The COD of the Bioreactor cells decreased significantly
as the ground water passed from Cell 1 to Cell 4,
‘indicating the removal of organic compounds. The COD in
Cell 1 ranged from 190 to 500 mg/L (mean = 289 mg/L),
while the COD in the effluent ranged from 30 to 460
(mean = 78 mg/L). The largest decreases in COD occurred
in the aercbic cells where average COD levels declined by
approximately 50 percent in each cell.

P&N: The concentrations of P in theée Bioreactor were generally
not observed to decrease significantly from Cell 1 to
Cell 4, while N concentrations decreased from
approximately 10 mg/L in Cell 1 to less than 2.5 ng/L in
Cell 4. The decline in N concentrations are the
consequence of microbial activity and growth in the
Bioreactor. The apparent stable concentration of P
throughout the Bioreactor suggests that a steady state

was established, whereby excess P was not a limiting
factor.

DO: The DO concentrations in Cells 3 and 4 averaged 4.2 and
3.4 mg/L, respectively, indicating adequate
concentrations of dissolved oxygen for aerobic microbial
activity.

Arsenic Removal

The concentrations of arsenic in the bioreactor are presented
in Table €3 and illustrated in Figure C2. The influent
concentrations of arsenic, after adjusting for dilution from
the added feed solutions, ranged from 18 to 42 mg/L, while the
effluent levels of arsenic ranged from 2 to 25 mg/L. Most of
the arsenic removal, except during the time subsequent to
FeCl; addition to Cell 3, was observed to occur in cell 1.
Arsenic removal in the anaerobic cells most likely was due to
a variety of factors, including precipitation with sulfides,
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sorption by micreobial biomass, and reduction to elemental
arsenic. The average decrease in arsenic, before the addition
of FeCl, on October 24, was 43 percent. Within the week after
the addition of FeCl;, the arsenic removal was observed to
increased to almost 90 percent as the effluent arsenic
concentrations declined to about 2 mg/L. The pH of Cell 4 was
subsequently reduced to 6.4 to stimulate increased arsenic
adsorption by iron hydroxides, which were forming in Cell 4.
However, breakthrough of about 20 mg/L of arsenic was observed
in the effluent shortly thereafter. Consequently, the arsenic
study was terminated and the Bioreactor was converted to a
strictly aerobic configuration to down-size the reactor volume
and to focus on organics removal only.

VOC and B8VOC Removal

The concentrations of target VOCs and SVOCs in the Bioreactor
are presented in Tables C4 and c5, respectively. The total
concentrations of all EPA Method 8240 and Method 8270 organic
compounds in the influent and effluent are displayed in
Figure €3, while total priority pollutant organics in the
effluent are shown in Figure C4 on an expanded scale. Organic
compounds in the ground water that were not identifiable by
accepted EPA procedures are quantified by commercial
laboratories as "semiquantified® results, which are often
called TICs (tentatively identified compounds). Because of
the lack of laboratory standards for TICs, their guantitation
can be wrong by several orders of magnitude. Consequently,
TICs are not regulated by the agencies and thus have not been
included in the total organic concentrations illustrated in
Figures C2 and c3.

The results show the Bioreactor in the anaerobic/aercbic
configuration has the capability of removing VOCs and SVOCs to
below detectable levels for all EPA Method 8040 and Method
8270 compounds. After an initial "start-up" and acclimation
time of about three weeks, the Bioreactor produced the most
consistently nondetectable concentrations of organics in the
effluent when the HRT was around 30 hours. When the
Bioreactor HRT was decreased to 24 hours, detectable
concentrations of 2-hexanone, acetone,. and MEK appeared in the
effluent. However, this breakthrough of organics may have
been a result of the concomitant manipulations of Cell 4 pPH
(lowered to affect arsenic adsorption),  which began about one
week before the detection of organics in the effluent. With
additional time for acclimatization to the new pH in Cell 4,
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the Bioreactor would be expected to produce lower effluent
concentrations of these compounds. However, this portion of
the study was halted to evaluate the treatment of ground water
by only the aercbic portion of the Bioreactor (Cells 3 and 4).

C4.2 Aerobic Confiquration

Bioreactor Monitoring

The pH, COD, P, N, and DO measured in the aerobic Bioreactor
cells (Cells 3 and 4) during the course of the study are

presented in Table 2. The results can be summarized as
follows:

PH: The pH of the Bioreactor Cells ranged from 6.4 to 8.3.
After acidification of Cell 4 was terminated (December
10, 1990), the pH of Cell 4 averaged 8.0, which was
significantly higher than the pH of Cell 3 (mean
pPH = 7.3).

COD: The COD in the Bioreactor Cells decreased significantly
as the ground water passed from Cell 3 to Cell 4. Early
in the transition from the anaerobic/aercbic mode to the
strictly aerobic configuration, high concentrations of
COD were observed in the effluent (over 400 mg/L). Once
the HRTs were increased, the system stabilized and
produced CODs in the range of 50 to 200 mg/L
{(mean = 121 mg/L).

P&N: The concentrations of P and N in the Bioreactor generally
were not observed to decrease significantly from Cell 3
to Cell 4, suggesting a substantial amount of nutrient
recycling within the microbial biomass.

DO: The DO concentrations in Cells 3 and 4 averaged 5.5 and
6.1 mg/l, respectively, indicating adequate
concentrations of dissolved oxygen for aerobic microbial
activity. Additional air was pumped into Cell 4 to
assure maximum oxidation conditions during this stage of
the study.

Arsenic Removal

The concentrations of arsenic in the effluent, as displayed in
Table C3 and Figure C2, approached 40 mg/L. These results

. confirmed our suspicion that arsenic removal in the strictly

aerobic configuration would be minimal. Addition of FeCl; to
the Bioreactor cells may increase arsenic removal, but this
was not evaluated.
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VOC and 8VOC Removal

The concentrations of target VOCs and SVOCs in the aerobically
configured Bioreactor are presented in Tables C4 and C5,
respectively. The anaerobic cells (Cell 1 and 2) were removed
from the Bioreactor configuration on November 16. The total
concentrations of priority pollutant organics in the influent
and effluent are displayed in Figure C3, while total priority

Pollutant organics in the effluent are shown in Figure C4 on
an expanded scale.

The results show that the Bioreactor in the strictly aerobic
configuration was able to remove VOCs and SVOCs to below
detectable levels for all priority pollutants. No acclimation
time for this phase of the study was anticipated because the
same aerobic cells (Cell 3 and 4) were used. Initially,
however, there was some breakthrough of organic compounds,
such as 2-hexanone, acetone, MEK, and Xylenes. In addition to
the possible upset of the system by the removal of the
anaerobic cells from the Bioreactor, the reduction of the HRT
to 8 hours may have provoked the organic breakthrough.
Therefore, the HRT was increased to 36 hours to ensure more
complete oxidation of organic compounds. This alternative
produced effluent with nondetectable concentrations of VOCs
and SVOCs, and also decreased the COD from about 400 mg/L to
less than 100 mg/IL.. The HRT was decreased during the next
three weeks to 16 hours. Pburing this time, no detectable

concentrations of EPA Method 8240 or 8270 compounds were
observed in the effluent. '

C5.0 CONCLUSIONS AND RECOMMENDATIONS

The results of the preliminary toxicity study revealed that
arsenic in the ground water did not inhibit biological
activity. This indicated biological treatment of the ground

water would be possiblie without pretreatment to remove
arsenic. '

The pilot=-sgcale biotreatability study showed that VOCs and
SVOCs in site ground water were effectively degraded to below
laboratory detection limits. The biotreatment process
demonstrated effectiveness in both a combined anaerobic/
aerobic configuration and in a strictly aerobic confiquration.
Therefore, biotreatment demonstrated efficacy for removing

VOCs and SVOc from ground water without pretreatment for
arsenic.
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Arsenic concentrations were reduced during treatment of the
ground water in the Bioreactor. Arsenic removal efficiencies,
however, were much greater in the anaerobic/aerobic operating
mode than in the aercbic mode alone. With additional testing,
the treatment process could possibly be further optimized to
provide additional arsenic removal. (Recent advances in the
Levine+Fricke laboratory have produced biotreatment effluent
concentrations of arsenic below 0.2 ng/L.) The amount of
arsenic reduction achieved during this laboratory study is not

presently adequate to meet anticipated effluent discharge
requirements.

The Bioreactor system demonstrated good stability in terms of
withstanding changes in COD and arsenic concentrations of the
influent. The biotreatment process also produced very low
amounts of sludge during the treatment study.

The optimum process configuration for a biological submerged,
fixed-film reactor to remove organic compounds only (no
arsenic removal) would be an aerobic, two-stage reactor.
design. The first stage would reduce the Primary COD loading
from the staring concentrations of 600 to 800 mg/L COD to 200
to 300 mg/L, while the second stage should provide additional
treatment to 50 to 100 mg/L COD. The hydraulic residence time
of an aerobic reactor for this ground water is estimated to be
12 to 16 hours. Additional operating conditions for optimum
biclogical activity include dissolved oxygen > 2.0 mg/L, N and
P=2to 5 mg/L, and pH = 6.8 to 8.3.

The full-scale biological treatment system also should be
designed to incorporate clarification for suspended solids
removal, sludge thickening and handling equipment, and-
cartridge filters and carbon adsorption vessels for final
polishing as necessary.
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TABLE &1

Bioreactor Conditions When the System Was Configured in the Anaercbic (Cells 1 and 2)/Aerobic (Cells 3 and 4) Mode

CELL 1 CELL 2 CELL 3 CELL &

Date pH ORp con P N PH coo P N pH (%) cop P N pH 4] coo P N

R AR EEETET MG/Lmmem-eee b L MG/L---=mme-m el MQfL---mmemmeae- f L g/l
04-Sep 7.4 -.33 160 15-20 25 6.9 80 15-20 25 7.6 1.5 0 15-20 25 6.8 2.4 0 25 20
05-Sep 7.0 -.49 410 25-50 25 6.9 290 20-25 25 7.8 1.0 40 20-25 25 7.1 2.8 10 20 25
06-Sep 7.3 -.50 230 23 30 7.1 270 25 . 75-100 8.0 5.1 a0 25 25 7.5 1.9 50 25 15-20
07-Sep 7.6 -3 190 25 25 7.2 190 25 50-75 B.0 4.5 60 25 50 7.4 i.2 40 25-2% 7.5
10-Sep * 7.1 -.3% 19 7.5 10 7.1 170 6 10 7.6 5.9 10 7.5-10 10 8.1 4.6 40 10 10
11-Sep * Tod =45 200 10-15 25 7.1 199 15 25 8.0 5.5 80 15-20 15-20 7.8 3.9 40 10 2.5-5
12-Sep 7.0 -.45 220 5-7.5 2.5-5 6.8 210 13 5-7.5 7.8 5.3 a0 7.5-10 <2.5 8.1 5.7 40 5-7.5 <2.5
13-Sep 7.2 -.45 320 10 2.5 6.8 350 7.5 2.5 T.7 6.5 150 3 2.5 B.1 4.8 40 3-7.5 2.5
14-Sep T =45 300 2.5 5 7.1 299 7.5 5 7.9 3.9 130 5 2.5 8.2 5.0 70 15 <2.5
17-Sep 7.4 -.37 310 25 2.5 7.1 290 7.5 2.5 3.1 5.4 170 5 2.5 8.1 3.0 90 5 2.5
18-Sep 7.0 -,17 305 15 2.5 7.0 300 10 2.5 8.0 3.9 200 5 2.5 7.9 7.0 205 10-15 2.5
19-Sep 7.0 -44 340 5-7.5 2.5 7.2 330 5-7.5 5-7.5 5.2 7.0 210 <2.5 2.5-5 8.1 2.5 105 20-25 <2.5
20-5ep. 7.0 -.44 305 5 2.5 7.1 300 5 5 8.0 5.1 110 2.5-5 2.5 8.1 2.1 100 10 2.5
21-Sep 7.0 -.44 34D 10-12.5 2.5-5 7.1 320 2.5 2,5 8.1 6.0 200  7.5-10 2.5 8.1 1.5 105 5 <2.5
24-Sep * 7.0 -.29 305 7.5 2.5 7.0 305 7.5 2.5 a.1 é,5 190 5 2.5 8.0 0.7 105 10-15 <2.5
26-Sep 7.0 -.45 300 15 2.5-5 7.1 299 15-20 2.3-5 7.5 2.5 150 3 2.5-5 8.2 6.0 105 5 2.5-5
27-Sep 7.0 -.43 240 10-15 2.5 7.2 220 15-20 <2.5 7.4 0.2 199 7.5-10 <2.5 7.6 1.2 270 7.5 2.5
2B-Sep 7.1 -,45% 299 10-15 5 7.2 299 15 25 7.8 NA 160  7.5-10 25 7.8 0.1 80 235 2.5-5
01-0ct 7.0 .44 410 10 7.5 7.1 280 10-15 5 2.1 5.7 1o 10 2.5 7.8 1.5 80 25 2.5-5
02-0ct * 7.0 -.45 320 15-20 10 7.2 320 20 7.5-10 a.0 5.5 120 20 2.5-5 8.2 2.1 60 20 <2.5
03-0ct 7.0 .45 320 10-15 15-20 7.2 320 15-20 15-20 7.9 4.5 120 15-20 10-15 8.1 4.0 a0 20 7.5
04-0ct 7.0 -.44 299 15-20 15 7.2 310 10-15 10-15 8.0 1.8 150 10-15 10 8. 4.0 100 25 2.5
05-0ct 7.0 -,45 300 20 a1 7.3 290 20 20 8.1 4.5 110 15-20  7.5-10 8.2 2.5 50 15 5
08-0ct 7.1 NA 340 20 25 7.1 30 20 20 7.6 6.3 120 10 15 7.7 4.3 50 10 10
09-0ct 7.0 ~.43 220 20 25 7.0 190 20 20 7.6 4.3 a0 10-15 10-15 7.6 5.8 30 10 10
10-0ct 7.0 -.62 500 25 15 7.3 430 20-25 15 7.9 7.5 260 10-15 7.5 7.9 2.5 50 25 2.5
11-0ct 7.0 -.45 290 20-25 25 7.5 220 15-20 25 7.9 2.5 170 10 25 7.9 2.5 &0 20-25 10-15
12-0ct 7.0 -.46 290 20 5 7.4 250 15-20 3 7.8 1.8 110 20 2,5-5 7.9 4.0 80 25 2.5
15-0ct 7.0 -.46 290 10 5 7.2 280 15 5 8.0 3.7 140 20 2.5-5 8.2 3.7 70 20-25 2.5
16-0ct 7.0 -.48 300 20-25 2.5-5 7.4 270 15 5 8.1 6.2 50 15 2.5 7.9 4.1 &0 25 2.5
17-0ct 6.9 -5 2%0 20 2.3-5 6.9 280 20 2.5-5 8.0 4.3 120 25 2.5 3.1 3.6 80 25 <2.5
18-0ct 6,8 -.28 190 20 <2.5 7.1 190 20 <2.5 7.8 40 130 25 <2.5 7.9 4.2 70 20 <2.5
19-0ct 6.8 -39 200 7.5 «2.5 7.3 199 7.5 2.5 7.9 4.3 120 20 <2.5% 7.9 2.2 100  20-2% 2.5
22-0ct 6.8 -.43 399 10-15 2.5-5 6.9 270 7.5-10 5 7.8 1.9 130 10 5 7.9 2.1 120 25 2.5-5
23-0ct 6.8  -.43 280 15-20 2.5-5 74 220 10-15 2.5-5 7.8 1.9 120 25 2.5 7.9 2.4 120 25 2.5
24-0ct X 6.8  -.44 280 2.5-5 2.5-5 7.1 240 5 2.5-5 7.9 4.0 120 7.5-10 <2.5 7.9 6.4 90  7.5-10 <2.5
25-0ct *% 6.8  -,42 299 10 2.5-5 7.1 250 5-10 2.5-5 7.6 4.3 110 <2.5 1-2 7.8 5.2 80 10-15 .3
26-0ct X 6.8 -.45 299 10 2.5-5 7.1 250 5 2.5-5 7.4 5.0 130 2.5 1-2 7.6 4.7 80 5 <2.5
29-0ct X 6.9 -.33 290 15 2.5-5 6.9 250 10 2,5-5 7.2 5.8 130 2.5-5 <2.5 7.0 6.1 110 2.5 €2.5
30-0ct X 6.8  -,45 300 10 2.5-5 6.9 280 10 2.5-5 7.4 6.7 130 2.5 <2.5 7.8 5.7 130 2.5 <2.5
31-0ct 6.8 -.45 305 7.5-10 7.5-10 7. 290 10-15 5-7.5 7.8 4.2 176 2.5-5 2.5-5 7.8 4.1 B0  2.5-5 <2,5
*wE* continued on following page *ew«

Page 1 19-Jan-91

1563/DATA-W, wq



Bl - B EN RS BN WR M By

TABLE ¢

CELL 1 CELL 2 CELL 3 CELL &

Date pH ORP coD P L] pH P N pH CoD P N pH 0o CoD P N

TTVIE eeeeenas e L e R T I mg/Le-veoeeoon .
01-Nov 6.8  -.45 240 10-15 2.5 7.0 220 7.5 2.5 7.8 0.2 130 2 2.5 7.8 5.0 20 5 <2.5
02-Nov 6.8 -.45 300 10-15 5 7.1 290 10-15 5 7.9 4.5 110 7.5-10 2.3-5 7.8 6.1 80 7.5-1p <2.5
05-Nov 6.8  -.45 300 7.5-10 5 6.9 270 10-15 7.5 7.8 4.5 200 5-7.5 7.5-10 7.8 6.4 60  7.5-10 2.5
06-Noy 6.8 -.20 200 7.5 7.5 6.8 200 7.5 7.5 7.2 5.6 170 5 2.5 [ 6.7 40 2.5 <2.5
07-Nov 6.8  -.45 250 7.5 7.5 6.9 225 7.5 5 7.6 5.9 100 5 2.5 7.4 6.7 50 2.5 <2.5
Q8-Nov X 6.8 -.45 200 10 7.5 6.9 200 7.5 5 7.1 5.0 75 5 2.5 7.2 5.5 50 5 <2.5
09-Hov ¥ 6.8 - 44 250 10 10 6.9 250 5 10 7.1 5.8 60 5 5 7.0 6.2 70 2.5-5 2-5
12-Noy *¥ 7.1 -47 340 5 10 7.5 3to 2.5 20 8.1 4.0 210 5 10-15 7.3 5.3 80 15 2.5-%
13-Nov X 7.1 - .48 305 5 10 7.2 305 5 15 7.6 5.6 200 5 10 8.7 6.0 100 2.5 2.5
14-Nov % 7.0 -47 305 10-15 2.5-5 7.2 300 7.5-10 2.5 7.7 5.5 220 5 5 7.0 5.6 €0 10-15 2.5-5
15-Hov ¥ 7.0 .-47 330 15 7.4 310 15 10 8.1 4.1 250 5 3-7.5 7.1 5.4 105 15 2.5
16-Noy * 7.2 -47 305 7.5 2,5-5 7.3 30 5 15 7.7 6.5 300 2.5-5 7.5 6.5 6.4 20 2.5 5
* HRT Chang
¥ Spike added

X Ferric chloride added
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TABLE C2

Bioreactor Conditions When the System Was Configured in Only the Aercbic Mode (Cells 3 and 43

CELL 1 CELL 2 CELL 3 . CELL &
. Date PH ORP Loo p N pH £oD p N PH 00 con P N pH Do oo p N

----------- mg/l==---==--m--- mmemssesoomgfloce e
1%-Nov * 7.7 1.0 140 15 15 6.4 4.1 30 15-20 7.5
21-Nov 7.4 2.4 105 25-50 25 é.4 2.4 109 25 20
26-Nov Cells #1 and #2 Removed from Bioreactor System 7.3 2.3 110 25-50 15-20 6.9 2.9 105 25 20
28-Hov 7.5 6.3 110 20 15~-20 6.9 6.1 10 20 15
03-Dec 6.7 6.1 &0 10-15 2.5-5 6.5 4.4 450 15 2.5-5
04-Dec * 7.1 4,9 580 25 2.5-5 6.5 0.2 460 25 2.5-5
05-Dec 7.1 5.1 510 10-15 2.5-5 6.4 1.3 410 25-50 2.5
06-Dec 7.3 74 300 25-50 7.5 6.4 741 350 15-20 2.5
07-Dec 7.1 6.1 140 25-50 15 6.4 7.1 70 10-15 2.5
10-Dec * 7.5 7.1 140 25 15-20 6.7 7.5 80 15-20 2.55
11-Dec 7.7 7.2 20 25-50 7.5-10 7.5 5.0 &0 15 2.5
12-Dec 7.2 6.5 100 20 2.5 7.6 7.5 60 15-20 2.5
13-Dec 7.2 6.5 NA 15-20 2.5 8.1 7.8 WA 15 2.5
14-Dec * 7.2 6.5 300 20 2.5-5 8.2 7.9 150 20-25 2.5-5
17-Dec 7.3 6.5 380 20 2.5-5 8.1 7.8 180 15-20 2.5-5
18-Dec 7.4 6.4 530 15-20 5 8.2 7.9 140 20 2.5-5
19-Dec 7.1 6.6 370 10-15 2.5-5 8.1 8.0 200 7.5-10 2.5-5
20-Dec 7.4 7.0 305 25 2.5 8.3 8.3 180 25 <2.5
21-Dec # 7.3 7.1 350 20 2.5-5 8.1 B.2 140 25 <2.5
24-Dec * 7.2 7.2 300 15-20 2.5-5 8.0 B 140 20 2.5
27-Dec * 7.1, 2.3 299 20 5 8.0 8.2 130 20 5
2B8-Dec 7.2 2.0 299 15 5 8.0 7.2 120 20 5
02-Jan ¥ 7.3 8.7 80 15-20 2.5 7.9 5.6 50 25 2.5-5
* HRT Changed
# Spike added
NA = not snalyzed

19-den-91
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TABLE C3

Concentrations of Total Arsenic in the Bioreactor Agquegus Phage
During Laboratory Biotreatment of Ground Water

Adjusted”
DATE HRT Influent Influent Cell 1 Cell 2 Cell 3 Effluent
“chee el MG/Le-mmem e
18-Sep 29 47 33 1% 17 26 25
24-Sep 24 42 29 24 23 25 23
03-0ct 46 44 n 12 12 14 10
11-0ct H &0 42 NA NA KA 15
19-0ct 46 41 29 NA NA NA 21
26-0ct ¥ 38 31 22 21 18 2 4
29-0ct " 25 18 NA NA NA 2
07-Nov " NA NA NA NA NA 18
09-Rav " 61 43 12 34 26 21
12-Nov 24 58 41 28 22 22 20
13-Kov " 39 27 15 24 51 19
14-Nov ” &0 42 27 22 18 14
24-Dec i " 62 43 -- -- KA 30
27-Dec 16 57 40 -- -- NA 38

Adjusted influent concentration based on dilution by added selutions.
Influent adjustment = 0.7,

** Aerobic configuration only.
# After FeCk3 added on October 24, 1990,

*
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TABLE C4

Concentrations of VOCs in the Influent Ground Water and in the Effluent from the Bioreactor

2-

“Ethyl Total  Total* Total* Adjusted
Sample Date HRT Hexanone Acetone Benzene MEK Toluene Xylenes VOCs voCcs VOCs **
Tthes el T R L mg/L--=---
Influent:
9181 13-Sep 27 3,200 7,200 <100 1,300 4,000 370 16,070 16.07 11.25
9241 24-Sep 24 3,400 5,700 75 8,700 4,200 420 22,695 22.70 15.8%9
1031 03-0ct 44 1,500 14,000 <50 35,000 2,500 290 53,290 53.29 37.30
10111 11-0ct " - 4,000 3,700 70 6,800 4,000 410 18,980 18.98 13.29
10191 19-0ct " 1,700 <500 <50 2,800 280 61 5,441 5.44 1.8
10261 26-0ct 38 2,200 2,500 <20 2,800 1,400 <20 8,%00 8.90 6.23
1191 09-Nov " 2,300 2,500 21 3,300 5,900 160 10,181 10.18 7.13
11121 12-Nov 24 2,500 3,500 &0 3,700 3,700 380 13,840 13.84 9.69
11141 16-Novy " 2,700 4,100 &0 4,300 4,100 400 15,6480 15.66 10.96
1231 03-Dec 8 250 1,300 <50 1,100 1,400 500 4,550 - 4.5% 3.1¢
NA 07-Dec 12 HA NA HA NA NA NA NA NA NA
12171 17-Dec 24 <] <10 <1 <20 &0 &4 124 0.12 0.09
12271 27-Dec 18 <1 8,000 <1 14,000 - 1,900 500 24,400 24.40 17.08
Effluent:
918FE 13-Sep 27 1,200 13 1 3,300 38 9 4,561 4.56
Q24FE 24-Sep 24 100 98 <1 30 3 1 232 0.23
103FE 03-0ct 46 NA NA NA HA NA NA NA NA
1011FE 11-0ct " <1 <10 <1 <20 «1 <1 0 0.00
1019FE 19-0ct " <1 <10 <1 <20 <1 <1 D 0.00
1026FE 26-0ct k.+:) <1 <10 <1 <20 <1 <1 0 0.00
119FE 09-Nov » 160 210 <1 &1 <1 <1 43 0.43
1112FE 12-Nov 24 170 93 <1 <20 <1 <3 263 0.26
1116FE 16-Nov " 120 41 <1 <20 <1 <1 161 0.1&6
123FE 03-pec 8 64 280 <1 58 <1 51 453 0.45
127FE 07-Dec 12 <1 <10 <1 <20 <1 <1 0. 0.00-
1217FE 17-Dec 24 <1 <10 «1 <20 <1 <% 0 0.00
1227FE 27-Dec 16 < <10 <1 <20 <1 <}’ 0 0.00
* Includes all detected VOCs except TICs.
*¥ Adjusted influent concentration besed on dilution by added solutions. Influent adjustment = 0.7.
NA = not analyzed :
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TABLE C5

Concentrations of SVOCs in the Influent Ground Weter and in the Effluent from the Bioreactor

Benzoate

Naphth.

Phenol

Total

SVOCs *

Sample Date
Influent:
11121 12-Rov
1231 03-Dec
12241 24-Dec
1227 27-bec
Effluent:
1112FE 12-Nov
123FE 03-Dec
1217FE 17-Dec
1224FE 24-Dec
1227FE 27-Dec

HRT O-Cresol

--h--
24 © 8§
8 NA
24 <5
16 <50
24 <5
8 <5
24 <5
24 <5
16 <50

550
HA
<50
<500

<50
<50
<50
<50
<500

<2
<2
<2
<
<20

120

<10
<100

<10
<10
<10
<10
<100

22

(= T = = T = Y = ]

Total Adjusted
SVOCs * SVOCs *+*
______ m/L-----
0.76 0.53

NA NA
0.01 0.01
8.02 0.02
0,00 0.00
0.00 0.00
0.00 0.00
0.00 0.00
0.00 ¢.00

# TICs are tentatively identified compounds which are reported as "semi-quantified" results by certified.

laboratories.

* Includes sll detected SVOCs except TICs.
** Adjusted influent concentration based on dilution by added solutions.
Influent adjustment = 0.7.
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INTRODUCTION

Biological treatment of organic chemical laden waters is recognized by the
majority of engineers as the most cost effective method for decontamination of

industrial wastewaters prior to discharge to sewers, or to receiving streams
under the NPDES program.

TRI-BIO, Inc. has developed test procedures which enable the engineer to
determine the amenability of wastewaters to biological treatment. The procedures
permit the engineer to establish the toxicity of the wastewater relative to other
wastewaters and/or pure chemicals. These results permit the engineer to avoid
application of expensive long term pilot tests under adversely toxic/inhibitory
conditions and thus to minimize the costs for such tests. When toxic/inhibitory
wastewaters are encountered, the engineer can use the results of these tests to
develop biological treatment schemes and operating procedures which can
reliably deal with these wastewater streams.

TRI-BIO test procedures are divided into two parts, both of which use the
OXygen respiration processes (oxygen uptake) of bacteria.

Part T of the test procedure, the BIOTOX TEST, 1s used to track the
short term "TOXICITY" response of large food-rich (preferred simple food
stuffs) populations of bacteria when exposed to specific chemicals or wastewater
samples. If the contaminants of the wastewater sample interfere with the normal
oxygen respiration processes of bacteria in the process of consuming their
preferred substrates, then the sample tested is deemed toxic or inhibitory.

Part II. the BIODEGRADATION TEST, when completed, determines the
rate and extent to which bacteria populations will utilize the wastewater
contaminants as a carbon (nutrient) source for growth and energy, thus
removing the contaminants from the water. This longer term test is conducted in
respirometers or continuous flow pilot plant biological reactors under carefully
controlled conditions. Growth and substrate utilization are confirmed by

monitoring oxygen uptake and completing tests for specific wastewater
components.

The subject of this report, is a Part I, BIOTOXICTY test for the
toxic/inhibitory properties of a groundwater sample known to contain a mixture

S
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~of components which may be toxic/inhibitory to biological systems, including a
substantial arsenic concentration (undefined chemical form and valence state).

The subject Arsenic contaminated groundwater (Arsenic GW), was supplied
to TRI-BIO, Inc., from a project site by LevinesFricke Consulting Engineers
and Hydrogeologists of Emeryville, California.

THE BIOTOX METHOD

The BIOTOX test method ! employs commercially available, dry-biological
cultures which have been developed for use in domestic and industrial biological
wastewater treatment systems. The dry cultures are used because they have
reasonable consistency of oxygen respiration performance, they contain bacteria
suitable for biological wastewater treatment and they have typical shelf-lives of

greater than 12 months. The latter makes testing with dry cultures convenient
and reasonably reproducible.

The BIOTOX test procedure involves exposure of a measured quantity of the
dry cultures = directly to the contaminated water or a solution of the chemical(s)
being tested, i.e., the "test sample”. Exposure to the bacteria is made under
controlled conditions of pH (NaHCO3 is used as a buffer), temperature and
concentration, in a standard BODjs test bottle. The rate at which the exposed
bacteria culture respires (consumes dissolved oxygen) in the BOD bottle with the

test sample is monitored after about 20-30 minutes of exposure using a
dissolved oxygen probe.3

The rate of respiration of the bacteria when exposed to the test sample is
compared with the rate of respiration of the same quantity of culture and buffer
when they are rehydrated in clean chlorine free water. The clean water test is
completed to provide the "baseline” respiration rate.

A lower rate of respiration of the rehydrating dry culture which is exposed to
the test sample, as opposed to distilled or tap water, indicates the inhibitory or
toxic/inhibitory nature of the test sample. By comparing the baseline rate with

IThe detailed BIOTOX TOXICITY TEST procedure 15 provided in Appendix A to this report.

2 These culiures typically contain 2-5 billion active bacteria per dry weight gram when
rehyvdrated with distilled or deionized water.

The dissolved oxygen probe is preferably of the self stirring BOD type, as for example
probes mancactured by Yellow Springs Insruments, Yellow Springs, Ohio.

8/18/90



the test sample rate, a percent recovery of respiration can be calculated and
reported.

If the full strength test sample water is significantly toxic/inhibitory, a series
of test sample runs at various dilutions of the wastewater or chemical solution
concentration makes it possible to develop a curve of percent recovery of activity

versus concentration as COD (mg/l), i.e., the test sample “actrvity/concentration
(COD) profile™.

Data of the type shown in figure 1 below has been developed for four
different common chemicals so that the engineer can compare the
activity/concentration (COD) profile of the test sample with common chemical
activity/concentration (COD) profiles. The latter thus relates the toxicity of the

test sample to the toxicity of chemicals commonly treated in biological
wastewater treatment plants, :

FIGURE 1 - THE ACTIVITY / CONCENTRATION (COD) PROFILES OF

FOUR COMMON CHEMICALS AS DETERMINED USING
BIOTOX

-.. g_: -A-—.: -k — - - - ———

BIOTOX TEST RESULTS ON A SERIES OF ORGANIC CHEMICALS
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If each of the the BIOTOX tests, i.e., the baselines and different
concentrations, is carried out at different temperatures the observed results of the
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baseline and test samples must be corrected for temperature before comparison,
The rates are typically corrected to a temperature of 20°C using the appropriate
equation given in Appendix A.

INTERPRETATION / BIODEGRADATION

If the percent recovery of respirometric activity in a test sample drops below

- 80-75% of the baseline respiration activity, the toxicity of the test sample is

considered significant. Biological growth and degradation in batch testing is
greatly retarded or stopped in tests wherein starting concentrations demonstrate
lower than 80-75% recovery of respirometric activity in the BIOTOX test. The
latter guideline was established by a series of batch biodegradation tests carried
out on phenol solutions of increasing concentrations in electrolytic respirometers
(batch tests). '

Development of appropriate treatment strategies for wastewaters, leachates

or contaminated groundwaters exhibiting BIOTOX test activity recoveries of less

than 80% is important if biological processes are to be successful for more
toxic/inhibitory wastewaters. However it is becoming quite routine to
biologically treat these more toxic/inhibitory wastewaters. For example, even
though cyanide is apparently toxic at concentrations of 1 to 4 mg/l according to
figure 1, it is possible to biologically degrade a solution of 40 mg/1 of cyanide if
proper design and control of the biological treatment system are exercised.

TESTING OF ARSENIC CONTAMINATED GROUNDWATER

A representative sample of a highly contaminated ground water was received
from Levine«Fricke, at TRI-BIO's laboratory in Allentown, PA., on August 10,
1990. The sample (stored in the refrigerator after receipt), was contained in four
air-tight quart polyethylene bottles with a small amount of air space in the neck
of the bottle. The sample was cool upon receipt; it was slightly cloudy, had a
very slight yellow green color and each bottle contained a small quantity of
flocculated sediment. The samples had a sour disagreeable odor and a pH of
approximately 6.5. As the samples were warmed to room temperature, bubbles
of gas were formed on the walls of the sample bottles.

The groundwater sample was subjected to the BIOTOX toxicity test
procedure described in APPENDIX A. with the following results:
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STEP 1 - A baseline respiration curve was developed for BIOLYTE CX-
85 dry culture for wastewater treatment, using tap water from the
laboratory sink which was allowed to stand for 16 hours before use. The
oxygen depletion curve is shown in figure 2 below.

STEP 2 - One of the samples of groundwater was shaken and a
portion discarded so that the remainder of the sample could be aerated
by shaking with air inside the bottle. This very turbid, tan/brown

slurry was used for development of the second respiration curve shown
in figure 2.

The temperatures recorded during the respective respiration curves are
recorded in figure 2. The baseline curve and the test sample curves shown in

figure 2 have very similar slopes. The initial conclusion must follow that the
wastewater sample is not toxic.

FIGURE 2 - GRAPHIC PRESENTATION OF RESULTS
BIOTOX TESTS FOR ARSENIC CONTAMINATED GROUNDWATER

5 : SEGMENT OF:
; ¢ ANALYZED :
o
4 P~0—0o_ - |
DISSOLVED E O=0<dp
OXYGEN P T %~0g
CONC. ~
(mgf) 5 4~ BASELINE

(23.5°C/30¢/85)

1 0= ARSENIC GW
{23.5°/30g/85)

O g
14 16 18 20 22 24 26 28

TIME (min)

Because the Arsenic contaminated groundwater sample contained significant
quantity of iron (200+ mg/1) and because ferrous iron oxidation catalyzed by
bacteria can give false oxygen uptake data (i.e. the water could be toxic but the
oxidation of ferrous ions to ferric ions could appear to be biological oxygen
uptake) the entire BIOTOX procedure was repeated on a neutralized sample of
the Arsenic GW which was first precipitated at a pH of 10.3 with KOH pellets.
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The iron flock was settled and removed, the sample neutralized and the
following BIOTOX data obtained (see Fi gure 3).

FIGURE 3. - BIOTOX TEST FOR IRON PRECIPITATED
ARSENIC GW

BIOTOX TESTS FOR PRECIPITATED
ARSENIC CONTAMINATED GROUNDWATER
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OXYGEN (23.7°C/30/80)
CONC.
(mg/l)
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The data from figures 2 and 3 is formally interpreted in Table 1 below. The
observed oxygen uptake rate for the baseline and test sample was calculated

from computer fitted trend lines for the 19-24 minute test interval of the baseline

and test curves, shown in figures 2 and 3. The calculated rates were then
corrected for the effects of temperature and weight of dry culture used. The
respiration rates of the baseline and test samples were then compared and final

results reported as percent recovery of respiration activity (last column on right
of TABLE#]).

CONCLUSIONS FROM BIOTOX TEST RESULTS

These results indicate that the wastewater contaminated with arsenic and other
chemicals is not directly toxic/inhibitory to bacteria which are capable of
industrial wastewater treatment. The full baseline respiration activity was
recovered and exceeded. The 109% and 103% activity recoveries, for the

- untreated and pretreated groundwater may reflect ferrous ion oxidation and/or

metal catalytic acceleration of biological respiratory processes.

8/18/90-



TABLE 1 - BIOTOX TESTING DATA, INTERPRETATION

ARSENIC CONTAMINATED GROUNDWATER BIOTOX TEST DATA ANALYSIS

TOTAL {mg/lemin) RECOVERY
CX-85 STAR FINAL  START FINISH LAPSED RATE CORECTD RATE QF AVG
T
USED DO 0o TIME TIME TIME {mg/ TEMP [myg/ RATE
TEST SUBJECT (g} imgid (mgin (min) {min) {min) I'min) {*C} I)min @ 20°C) {%)
}
BASELINE-1 30.01¢ 4.88 432 19 24 3 0.113 23.5 0.096 -
GROUNDWATER-1 30.005 4.12 3.50 19 24 5 2,124 21.5 g.105 109.84%
BASELINE-2 30.019 4.48 3.32 9 24 5 0,233 235 0.198
GROLWOWATER-2 302,008 4.51 3.3 19 - 24 5 n.242 235 0,208 103.93%

CONCLUSION: MO APPARENT TOXICITY, BUT RATES ARE SLIGHTLY HIGHER THAN BASELINE RATES
POSSIBLY DUE TO FERCUS ION OXIDATION IN IRCN RICH GW AND/OR ACCELERATED
GLOGICAL ACTIVITY WITH THE MINERAL CONSTITUENTS OF THE WASTEWATER.
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| APPENDIX A
TEST PROCEDURES USED FOR BIOTOX TOXICITY TESTING
ITEMS OF EQUIPMENT REQUIRED

1. A Stopwatch (0 to 30 minute elapsed time)

2. STANDARD, 300 m] BODj5 Bottles

3. A dissolved oxygen meter with self-stirring dissolved oxygen
probe. Must be YSI model 5720A with a self-stirring BOD probe,

or, a magnetic stirrer will be required to suspend BIOTOX
bacteria. Temperature readout required as well.

4. A15 liter jug (aeration jug) with a water tight screw top.

BIOTOX PREPARATORY PROCEDURES

Step

1. Calibrate the dissolved oxygen probe and meter.

2. Aerate 500 ml of deionized or distilled water in the aeration jug by

shaking the jug vigorously for 2 minutes. Allow the jug to stand

for 2-3 min to allow the air bubbles to escape. '

Place 20.00 grams of BIOLYTE CX-80 culture? in 2 dry BOD
bottle and add 0.8 grams of sodium bicarbonate to the bottle as
well. It will be efficient to make up a series of "prepared BOD
bottles" with these contents all at one time, but new distilled water

baselines should be run each day if the prepared BOD bottles are
held for use from day to day.

(8]

TEST PROCEDURE

Te complete a "BASELINE" test, proceed as follows:

A With stopwarch in hand, pour 50 ml of the acrated distilled or deionized water into the test BOD
bottle prepared as above and immediately start the stop watch to follow elapsed time.
Pick up the BOD bontle and swirl it gently for 25 10 30 seconds to be sure the culture is
thoroughly wetted
Hold the bottle at an angle of 45°, and flow additional aerated water down the side of the boule in
& manner & avotd enwrainment of bubbles. Fill the bottle to a level halfway up the ground glass
joint.
D. Place the self-stirring probe in the BOD bottle and stit the slurry until the end of 1he Sth minute
of elapsed time
Stop the stirrer and remove the prabe. Allow the BOD battle 1o stand undisturbed for 5 minutes
while air bubbles come to the surface.Refil} the bottle 1o the top of the ground glass joint and

B.

C.

“BIOLYTE CX-35 or CX-R0 cultures are available from TRI-BIOQ, Inc.

, Allentown Pa. (215
395-8309,
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. carefully insert the self-stirring dissolved oxygen probe into the joint excluding all bubbles. Tilt

the bottle if necessary. Start the stirrer and allow the dissolved oxygen probe to come to
equilibrium until the 15th minute of elapsed time.

Measure and record the temperature of the sample with the probe thermocouple.

Record the dissolved oxygen concentration as a function of time every minute for the next 10
minutes through the 26th minute or more of elapsed time and then terminate the test Calculate
the BASELINE respiration rate (DOUR) using the calculations below. Be sure to correct for
lemperature as this can be a significant factor in the rate of respiration.

PROCEDURE FOR TOXICITY TESTING

FIRST CROSS CHECK FOR IMMEDIATE CHEMICAL BASED OXYGEN DEMAND

AS FOLLOWS

m o Nwp

Adjust the pH of the raw sample or pretreated sample to pH 7.

Place 800 mis of the sample in the aeration Jjug and aerate by shaking for 2 minutes.

Check the dissolved oxygen {DO) concentration of the sample in the aeration jug. If the DO
concentralion is less than 6 mg/l, repeat the aeration process.

Pour 300 ml of the zerated/pH adjusted test sample into a BOD bottle and insert the dissolved
oxygen probe carefully w avoid bubbles below the probe membrane.

Measure and record dissolved oxygen concentrations in the bottle over a five- to ten-minute
period. Calculate the oxygen consumption rate (Inmediate Oxygen Demand, 10D} using the
equatilojns below. The rate should be less than .02 mg/lsmin withour the BIOTOX bacteria
present”,

THEN COMPLETE BIOTOX PROCEDURE

To compiete a BIOTOX test. proceed as follows:

A

B.

C.

n

T a

COMMENTS

With stopwatch in hand, pour 50 ml of the pH adjusted, aerated test sample water into a
“prepared” BOD bottle and immediately start the stop watch 1o follow elapsed ume,

Pick up the BOD battie and swirl it gently for 25 1o 30 seconds to be sure the culture is
thoroughly wetted.

Held the bottle at an angle of 45°, and flow additional pH adjusted acrated sample water, down the
side of the bottle in a manner to aveid entrainment of bubbles. Fill the boule to a level halfway
up the ground glass joint. '

Place the botile on the magnetic stirrer and gently stir the slurry until the end of the 5th minute
af elapsed time,

Stop and remove the sclf-stiming probe and allow to stand undisturbed for 5 minutes while a]l
bubbles come 10 the surface.

Reftli the boule to the top of the ground glass joint and carefully insert the self-stirring dissolved
oxygen probe into the joini excluding all bubbles. Tilt the botile if necessary. Start the stirrer
and allow the dissolved oxygen probe 1o come to equilibrium until the 15th minute of elapsed
Urme.

Measure and record the temperature of the sample with the BOD probe thermocouple

Record the dissolved oxygen concentration as a function of time every minute for the next 10
minutes through the 26st minute or more of elapsed time and then terminate the test sample test.
Calculate the BASELINE respiration rate using the calculations below. Be sure and correct for
lemperature as this can be a significant factor in the rate of respiration

SIf the rates are higher than 0.02 mg/A-min the BIOTOX test procedure will be erroncous. The
immediate oxygen demand may be due the presence of biological populations, ferrous ion
oxidation, sulfite oxidation, sulfide oxidation or some other chemical oxygen demand.
Chemical pretreatment (acidify sample to 2 pH and stir for 1/2 hr then add caustic 10 a pH of
10 sur gently and then allow to setle for 30 minutes, decant clear supernate for testing and
adjust pH to 7 with sulfuric acid} of the sample should be carried -out to eliminate 10D,

8/18/90
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Initial and fina] DO Concenwations - During the BIOTOX tesls the dissolved oxygen should not fall below 2

mg/l a1 any ume. The starting dissolved OXYgen concentration should be at least 6 mg/l.

Excessive Respiration Rates - On occasion the immediate oxygen demand of a test sample will be higher than the
rate of the "BASELINE" test. Methods of salisfying the sulfi
devised if a successful BIOTOX test is 1o be conducted,

CALCULATIONS

OXYGEN DEMAND RATE CALCULATIONS

To determine the Dissolved Oxygen Uptake Rate (DOUR) for the “BASELINE", the BIOTOX test and/or the
BAMEDIATE OXYGEN DEMAND

a1 AMBIENT temperamire, use the following equation:

te immediate chemical oxygen demand must be

DO@ 1, initial (min(mgA) - DO@ +, final (min)(mg/) .
DOURAmb,ient temp. = i) =mg/l*min
t] - t2 (min

COQRRECTION OF DQUR,bs-TQ 20°C PER TEMPERATURE EFFECTS

To convert the DOUR Ambient temp_ ' DOUR at 20°C use the following equation:

DOURA mbient temp.

DOUR @a¢e = = mg/l-min

AX

Where: X = Ambient temperature(°C) - 20°C
A=1.047

PERCENT INHIBITION OF "TEST SAMPLE" VERSUS "BASELINE"

To Getermine the percent inhibition of the test sample to the bacteria versus the
BASELINE diszlled water test use the following equation:

| DOURyge ¢, obs BIOTOX test
% Inhibiton = [ 1 —{ }] X 100

DOURy 0 BASELINE test

1
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Arsenic Removal in Bioreactor
Ground Water (LF 1563,085)
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FIGURE C2: PROFILE OF ARSENIC CONCENTRATIONS THROUGH THE
BIOREACTOR, CONFIGURED IN THE ANAEROBIC/AEROBIC AND
AEROBIC ONLY MODES
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FIGURE C3: CONCENTRATIONS OF TOTAL VOCs AND SVOCs IN THE
INFLUENT AND EFFLUENT OF THE BIOREACTOR, CONFIGURED
IN THE ANAEROBIC/AEROBIC AND AEROBIC ONLY MODES
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FIGURE C4: CONCENTRATIONS OF TOTAL VOCs AND SVOCs IN THE

EFFLUENT OF THE BIOREACTOR, CONFIGURED IN THE
ANAEROBIC/AEROBIC AND AEROBIC ONLY MODES (NOTE THE
EXPANDED.SCA'LE OF THE Y-AXIS RELATIVE TO FIGURE C2.)
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Andco Environmental Processes, Inc.
595 Commerce Drive, Amherst, NY 14150 [716) 691-2100/Telex 91-547

August 13, 1990 -

LEVINE FRICKE
1900 Powell Street, 12th Floor
Emeryville, CA 94608

Attention: Mr. Bruce Page -
Subject: Lab Report on Arsenic Removal
Dear Mr. Page:

One five-gallon sample was received on J uly 26, 1990. The dark green/brown sample was highly
turbid, contained a substantial amount of settleable particulate matter and had a strong organic-
like odor. Conductivity and PH were measured and determined to be 1,550 umho and 6.69,
respectively. The results of the electrochemical (EC) wreatability study, with and without the
addition of hydrogen peroxide, are contained in this report.

Electrochemical Treatment Procedure:

arsenic work, good removal occurs from pH 6.5 - 7.5. Since your water sample was in that
range, no initial pH adjustment was necessary. After placing a known amount of wastewater
in a 600 m! beaker, steel electrodes were added and a specific amount of ferrous jon (Fet?)

was generated in this mini-cell. Faraday's Law is used to determine the generation time for a
specific sample size at a controlied amperage.

To allow hydrogen formed during EC treatment to dissipate, a ten-minute degassing period is
allowed. At this point, hydrogen peroxide may be added. The low hydrogen peroxide trearment

level was determined by adding 10 ppm increments until excess peroxide was Erescnt (EM Quant
Peroxide Test) and the sample color went from green to rust (Fe*2 to Fe 3). For two tests,

calcium chloride was added. 'Calcium chloride and sodium hydroxide PH adjustment were used
in place of calcium hydroxide (lime) to accurately control pH, but also simulate the effect that
lime treatment would have. Calcium chloride has been proven to work well when the
wasiewater contains oil and grease. For this sample, it was anticipated that in the presence of
all of the miscellaneous organics, calcium chloride may improve clarification.



Levine Fricke
Lab Report
August 13, 1990
Page 2

After all chemical additions were done, pH adjustment was performed to maintain a solids
separation pH between 6.6 and 7.3. Fe(OH), and Fe(OH), precipitate from solution and are
capable of removing arsenic by adsorption/co-precipitation processes. Andco 3640, ap anionic
polyelectrolyte, was added to assist floc formation and clarification for samples LF-4-95-1 to LF-
4-95-11. After thirty minutes of settling, the samples were filtered through Whatman #40 filter
paper. For tests LF-4-95-1, LF-495-2, LF4-956, and LF-4-95-7, decanted samples were

collected and analyzed to determine how much arsenic remained in solution in combination with
the suspended solids.

Located in Table 1 are the pH's before any treatment, following degassing and chemical

addition, and also following pH adjustment immediately before performing the polymer assisted
solids separation.

Iron, hydrogen peroxide, and calcium chloride addition levels - and the resulting arsenic
concentrations are listed in Table 2.

Polymer Testing:

To a 1000 ml sample, 100 ppm iron was added electrochemically. After degassing, the pH was
adjusted to 6.84 (from 7.29) by adding six drops of 10% H,S0,. Four 200 m! samples were
taken and the remaining 200 ml was saved for proper disposal. For this comparison, 5 ppm (by

weight) of four different polymers was added and visual observations were used to rank their
performance.

See Table 3 for the observations and ranking.

Analyses:

Following preservation with nitric acid (5 ml conc. HNOjy per liter) the samples were sent to
Ecology and Environment, Inc., (Lancaster, New York) for arsenic analysis. It was performed

according to procedures set forth in "Methods for the Chemical Analysis of Water and Wastes",
EPA -600/4-79-020, March, 1983.



Levine Fricke
Lab Report
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Page 3

Conclusions:

The data in Table 2 indicates that arsenic in the paint manufacturer’s groundwater can be
removed by iron generation, polymer assisted clarification, and filtration. In order to keep sludge
volumes to a minimum, slight additions of hydrogen peroxide and calcium chloride were utilized
at the lowest iron concentration to see if successful treatment could be achieved.

For all tests (except LF-4-95-3) where no oxidation was performed, arsenic concentrations still
remained high. Removal efficiencies (see Table 4) ranged from 52.4% (LF-4-95-1A) to 83.8%
(LF-4-95-2B). LF-4-95-3 was a successful test in that it reduced the arsenic conceniration to less
than 1 ppm (95.6% removed) but at the expense of generating a substantia] amount of iron
hydroxide sludge.

There are two reasons why hydrogen peroxide is added. First, it is important to oxidize all of
the arsenic to arsenate. Many previous studies have shown that arsenate is much more easily
removed by adsorption/coprecipitation processes than arsenite. Secondly, ferric (Fe”) iron is
usually better at removing arsenic than ferrous (Fe*2) iron. The chemical nature of the ferric
hydroxide solid-and the resulting floc formation account for the improved metals removal. The
main advantage of adding iron electrochemically and following that with the addition of hydrogen
peroxide, versus ferric chloride chemical precipitation systems, is that there will be no
contribution to total suspended or total dissolved solids after the floc has been formed and
removed. Any chloride, introduced during FeCl; treatment, will also remain after filiration. All

tests involving peroxide and filtration yielded arsenic concentrations the organisms can probably
handle. -

Previously, you expressed concern about the presence of oil and grease. For my tests, they were
not a problem. After each beaker test, I looked for a layer or sign of oil and grease. It was
either removed by the floc or remained adequately mixed. If it is a problem in the full-scale
system, calcium chloride could be used to minimize it. Polymer assisted floc formation was
excellent for the tests involving calcium chloride. The expense of another addition portion of

a system may make it undesirable since iron generation and peroxide oxidation also yielded good
floc conditions.

For most tcsts,.unﬁltcred (decanted) samples yielded poor results. It appears that a substantial
amount of arsenic remains suspended with the small, unsettleable particulates. Multi-media
filtration should be performed before subjecting the water to biological treatment.

If you have any questions or comments, please feel free to contact me at (716) 691-2100.
Sincerely yours,

ANDCO ENVIRONMENTAL PROCESSES, INC.
Ycdol 0. Rogurctz

Michael D. Brewster

Research Chemist

MDB/cmh

&
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TABLE 1
Sample pH" pH! pH?
initial out final

LF-0 - 6.69 - --
LF-4-95-1A 7.01 7.16 6.76
LF-4-95-1B 7.01 7.16 6.76
LF-4.95.2A 7.02 7.63 7183
LF-4-95.2B 7.02 7.63 7.18° -
LF-4-953 7.01 7.54 Y AVE
LF-4-95.4 7.01 7.17 6.72
LF-4-95-5 7.01 : 6.95 6.79
LF4-95-6A 6.96 7.64 6.70
LF4-95-6B 6.96 7.64 6.70
LF495-7A 6.96 729 6.69
LF4-95.78B 6.96 7.29 6.69
LF-4-95-8 6.97 6.84 7.147
LF-4-95-9 6.97 6.84 7.123
LF-4-95-10% 6.97 7.23 6.74
LF-4.95.114 7.02 7.79 7.183
LF-4-95-12 7.01 7.29 6.84
LF-4-95-13 7.01 ' 7.29 6.84
LF-4-95-14 7.01 . 129 6.84
LF-4-95-15 7.01 7.29 6.84

1- pH (out) was measured following iron generation and all chemical additions except final
pH adjustment. '

2 - PH (final) was taken following adjustment and is the pH at which polymer assisted solids
separation was performed.

3 - Adjustment to pH’s above 7 was done because it appeared that iron (Fe*2) remained

in solution when no peroxide addition was used.

4 - LF-4-95-10 and LF-4-95-11 tests were performed by adding iron electrochemically from

hot rolled steel elecirodes instead of Andco’s normal electrodes.

1=1Y
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TABLE 2
Sample Fe H,0, CaCl,*2H,0 Filter! As
mg/l mg/l mg/t mg/l

LF-0 _ 17 — — No 21

LF-4-95-1A 100 — -- No 10.6
1B 100 — - Yes - 6.1
24 200 - No 61
2B 200 - - Yes 34
3 300 — — Yes 0.93
4 100 40 — Yes 1.2
5 100 100 -— Yes 0.36
6A 200 100 — No 0.86
6B 200 100 --- Yes 0.12
7A 200 200 — No 6.1
7B 200 200 - Yes 0.14
8 100 40 100 Yes 0.42
9 100 40 360 Yes 0.66
102 100 — Yes 93
112 200 — - Yes 6.3

1- Unfiltered samples were decanted following a thirty-minute settling period. For all others,

filtration was done using Whatman #40 (8um) filter paper.
2 - LF-4-95-10 and LF-4-95-11 tests were perfbrmed by adding iron electrochemically from

hot rolled sieel electrodes instead of Andco’s normal ones.
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Polymer
Sample 5 ppm {by wt.)
1LF-4-95-12 36401
LF-4-95-13 A732
LF-4-95.14 530°
LF-4-95-15 2154

1- Andco 3640 anionic polymer
2 - Hexafloc A73 anionic emulsion polymer
3- Hexafloc 215 cationic emulsion polymer

4 - Hexafloc 530 cationic pblymcr

Observations Rank
Excellent floc, coarse, 1
low suspended solids

Good floc, fine, 3
high suspended solids

Excellent floc, coarse 2
higher suspended solids

than LF-4-95-12

Goaod floc, fine, 4

highest suspended solids
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Sample

LF4-95-1A
1B
2A

2B

6A.
6B
TA

7B

10

11

TABLE 4
Arsenic
mg\l
10
6.1
6.1
34
0.93
12
0.36
0.86
0.12
6.1
0.14
0.42
066
9.3

6.3

Removal

%

52.4

70.9

70.9

83.8

95.6

94.3

983

95.9

99.4

70.9

993

98.0

96.9

35.7

70.0
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Unocal Chemicals Division
Unocal Corporation

1511 East Orangethorpe Avenue .
Fullerton, California 92631
Telephcne (714) 525-9225

UNOCAL®B

September 6, 1990

Mr. Bruce W. Page
Levine*Fricke

1900 Powell Street
Emexryville, California 94608

RE: Sherwin-wWilliams Facility

Dear Mr. Page:

Here are the results of the Unipure Screens that were run on the
ground water sample that you supplied. As I told you, we were
able to get good results with a single screen and excellent
results using a double screen, which approximates a standard

Unipure Process installation followed by a Unipure Polish
application.

The raw sample was acidified and analyzed. It contained 38 ppm
of arsenic and 97 ppm of iron. After the initial Unipure
Screen, a flocced, decanted and acidified sample contained 5.1
ppm of arsenic and 3.1 ppm iron. The same sample after

filtration, had an arsenic level of 3.8 ppm while the iron level
was less than .25 ppm.

The initial decanted sample was split into 2 smaller samples and
another standard Unipure Screen was run on one of them. The
decanted and acidified liguid had an arsenic level of .30 ppm

with little iron remaining. A filtered sample had .16 ppm
arsenic with little iron.

The other decanted sanmple was given a pH adjustment and
treatment prior to running the Unipure Screen. The decanted and
acidified sample had .05 ppm arsenic and 2.3 ppm iron. When

filtered the level of arsenic was less than .01 ppm and the iron
was .25 ppn.

Thus a single pass through the Unipure Process showed a removal

rate of 90%. A second treatment with the Unipure Process
reduced the first pass levels by 96+% and the over all level by
over 99%. A second pass through a Unipure treatment with some

pretreatment that simulated sludge recycle, showed stage removal
rates of 99.8 % and an overall rate in excess of 99.9 %.



Mr. Bruce Page
Levine-Fricke
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These are laboratory results, and though indicative of what can
be achieved, they should not be taken as absolute values that
would be cbtained in actual operation.

The enclosed Process Flow Diagrams are for a standard, 25 gpm,
skid mounted system that could be used for a single pass Unipure
Process application and a modified skid systen. The modified
unit would still handle a 25 gpm flow but could be used for the
dual pass, pretreated approach.

Ball park equipment prices for the 2 approaches are:

1. 25 gpm, single pass, standard skid mounted, system
A. BEquipmnet L L....... $ 140,000 _
B. Operations Costs = ........ S 250 -
C. Sample Removal Rate a0 3

2. 25 gpm, dual pass, modified skid system with
pretreatment capabilities

A. Equipmnet “eeea-..%5 230,000
B. Operations Costs = ........ $ 600
C. Sample Removal Rate 99,.9%

Neither system's equipment cost includes transportation or
installation. Operating costs, are exclusive of labor and
solids handling charges, are based on a 24 hour day.

I hope this information meets your present requirements. I will
be up to see you one day this coming week to review the results

and answer any questions you may have.
ly, yoyrs
%

hn A, "Schroth
echnical Sales Representative

Sinc

Enclosures:

cc:Mr. Al Peters, ABP Engineering
132951JS :



' UNIPURE SCREEN REFORT
SCREFN No. 1189

Client Name: IEVINE-FRICKE Requested by: JAS
Project No.: 1329 Request Date: 07/26/90

Report Date: 08/16/90 Distrikbution: JAS,PLD
Operator : LJS .
1. SAMPLE DATA

Sample Description: Waste Water

Unipure ID No. : 1329-1189 Conductivity: 1500 mchms
Sample Source : N/A pH: 6.9

2. PRETREATMENT

l None

lB. TREATMENT
Iron Dose: 200 ppm Base/Acid: NaQH/HC1

l4. RESULTS
le Analyses (mg/L}
Time Prep Iron 1 2 3 4 5 6
(MIV.) Fe As
W A 97 38
Po20DA 3.1 5.1
0 PoFA <.25 3.8
60%  Po20DA 2.1 0.30
* PoFA <.,25 0.16
* FA <.25 0.02
60** Po20DA 2.3 0.05
'o** FoFA <.25 <,01
|X] Analyzed by Unipure
Abbrevations

< 1ess than the value indicated
<< None detected -

Po Flocced

F Filtered

D Settled and decanted

A Acidified

Page 1
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Unipure

“ Unocal Chemicals Division
Unocal Corporation
1511 East Orangethorpe Avenue
Fullerton, California 92631
Telephone (714) 525-9225

UNOCAL®

September 19, 1990

Mr. Bruce W, Page

Levine* Fricke

1900 Powell Street
Emeryville, California 94608

RE: Sherwin-Williams Facility
Dear Mr. Page:

As T promised in our meeting of September 12, I had our
Technology and Engineering groups review the estimated operating
costs for the treatment systems we had proposed.

The lab checked the titration curve for the samples we used and
engineering ran a computer check using that data. The results
showed a significant drop in the daily operating costs from
those listed in my letter of September 6.

The daily operating costs for chemicals and power, per 24 hour
day, now are approximately $ 115 for the 25 gpm single pass skid

and $ 245 for the dual pass, modified skid system with
pretreatment.

I also discussed with our Technology group, the effect the
pre-removal of the organics would have on heavy metals
treatability. The consensus of opinion is that we should see
greatly improved results. Pilot studies have shown increased
treatability where a the waste stream had limited pre-treated
with peroxide, ozone and UV for organics removal.

If you wish, I can be available to answer questions during your
meeting with Sherwin-~Williams. I will need to know if that is
desirable by this Friday to make the proper arrangements.
Simceyely '
[
hn A. Schroth

cc: Al Peters, ABP Engineering
13288138



