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1.0 INTRODUCTION

A groundwater and soil remediation plan is proposed for the former Columbia Marine Lines facility
located at 6305 Lower River Road in Vancouver, Washington. The remedial plan will be implemented by
Crowley Marine Services, Inc. (Crowley), formerly Columbia Marine Lines, as an independent cleanup
action. The purpose of this work plan is to outline the remedial objectives and techniques and to provide
a technical document for review.

Remaining areas of the site that require remediation will be addressed with one of the two following
remedial alternatives:

e Bioventing and total fluids extraction
e Excavation and on-site thermal treatment

The proposed bioventing and total fluids extraction system would enhance natural biodegradation through
increased oxygen flow to indigenous subsurface microorganisms. If bioventing and total fluids extraction
are not selected as the cleanup option, remediation of the site will be accomplished by excavation and on-
site thermal treatment of the petroleum-impacted soil.

This work plan presents a brief description of the site, a summary of the results of past soil and
groundwater investigations, a discussion of applicable regulatory cleanup standards, a summary of
previous pilot test results, and an outline of the proposed remediation plan.

2.0 SITE DESCRIPTION
2.1 PROPERTY DESCRIPTION

The site is located immediately north of the Columbia River and approximately 3 miles west of the city of
Vancouver in Section 18, Township 2N, Range 1E, as shown on Figure 1. The site is relatively flat, with
the highest point lying at an approximate elevation of 32 feet above mean sea level. The Columbia River
is tidally dominated and typically ranges from minus 5 to positive 5 feet above mean sea level.

The majority of the site is sparsely vegetated with grasses and moss. Willows, alders, and brush are
present in isolated low-lying areas in the northern portion of the site. Two operating settling ponds
occupy a portion of the site to the northwest. The settling ponds are currently operated by Vanalco
(formerly operated by ALCOA) as part of the aluminum manufacturing process. Figure 2 is a site plan of
the subject property.

2.2  SITE HISTORY

Columbia Marine Lines formerly operated a marine repair facility at the site, and periodically placed
barge slop residues from gas-freeing operations in a disposal pit located adjacent to the site on property
owned by Vanalco (formerly ALCOA). The pit was approximately 12 to 15 feet deep, 200 feet long, and
125 feet wide and was located approximately 400 feet north of the Columbia River and 300 feet east of
Vanalco’s settling ponds (Figure 2).

In January 1984, all liquids were removed from the pit, and the pit was filled with dredge sand to prevent
accumulation of surface water. On April 3, 1984, Columbia Marine Lines notified Ecology in writing of
the past practice and closure of the former pit. Soil and groundwater characterization work was
completed, and an interim corrective action was implemented in subsequent years. The interim action
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consisted of groundwater extraction, non-aqueous phase liquid (NAPL) hydrocarbon removal, and re-
infiltration of extracted groundwater. The interim action was conducted from 1986 to 1995 until NAPL
was reduced to below recoverable levels.

The former Columbia Marine Lines facility is currently under the ownership of Tidewater Barge Lines.
ALCOA owns the property where the former pit was located. There have been no significant changes in
the surface features in the vicinity of the former pit area since the initial closure of the pit by filling.

23 LAND USE

The current zoning classification for the site and the Vanalco property is industrial. Surrounding land use
patterns indicate that the properties will continue to have industrial land uses. Potable water is supplied to
the properties by the city of Vancouver. Access to the site is restricted by fencing and site security
measures.

3.0 PREVIOUS INVESTIGATIONS

Previous investigations have been conducted at the site to delineate the extent of petroleum-impacted soil
in the vicinity of the two former ponds used to store barge slops. During these investigations, several
monitoring wells and geoprobe soil borings have been completed at the site. The most recent
investigations, conducted in July and September of 1999, focused on the area in the vicinity of the
westernmost of the two former ponds. Monitoring well and geoprobe boring locations are shown on
Figure 2.

During the 1999 investigations, samples were collected from geoprobe soil borings at the site. Soil
samples were collected continuously by the geoprobe, and the lithology of the soils was recorded.
Samples were inspected visually for staining and odors, and field screened with a photoionization detector
(PID) for the presence of volatile organic hydrocarbons (VOCs). Based on field observations, portions of
the soil from the borings were collected and shipped to an analytical laboratory and analyzed for total
petroleum hydrocarbons (TPH). The results of the 1999 subsurface investigations are summarized in the
following subsections.

3.1 SITE GEOLOGY AND HYDROGEOLOGY

The soils encountered during the 1999 geoprobe subsurface investigation consisted of unconsolidated
sands (dredge fill material) and an underlying silty flood plain deposit. The silt was encountered at depths
ranging from 12 feet below ground surface (bgs) at geoprobe boring GP-8A to 14.5 feet bgs at geoprobe
borings GP-1A, GP-6A, and GP-12A. Saturated soil was encountered within the unconsolidated sands at
a depth of approximately 12 feet bgs.

SECOR personnel collected water level data from the existing monitoring wells on October 14, 1999.
Static water levels in the wells ranged from 4.85 to 15.43 feet bgs, as measured from the top of each well
casing. Based on the calculated groundwater elevations, SECOR estimated the groundwater gradient and
flow direction. Groundwater flow in the southern area of the site was oriented in a southwesterly
direction toward the Columbia River, at a gradient of 0.03 foot/foot (ft/ft). The groundwater flow
direction in the northwestern portion of the site is to the northwest, at a gradient of 0.005 ft/ft.
Groundwater elevation data and flow direction are presented on Figure 3. Historical groundwater
elevation and analytical data for monitoring wells MW-1 through MW-21 is included in Appendix A.
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NAPL hydrocarbon has been encountered in monitoring wells MW-7, MW-8, and MW-19.  Since
decommissioning pits in 1984, NAPL at the site has been reduced considerably through recovery and/or
biodegradation. During initial monitoring after decommissioning the pits, up to 6 feet of NAPL was
measured in MW-8. The most recent measurements observed NAPL thickness of 0.18 foot in MW-8 and
0.02 foot in MW-19, and a sheen was encountered on the water surface in monitoring wells MW-1,
MW-2, MW-4, MW-5, MW-6, and MW-7. Based on the reduction of the measured NAPL thickness, it
appears that most of the residual NAPL has been recovered an/or has degraded.

3.2 GROUNDWATER AND SOIL ANALYTICAL RESULTS

Groundwater sample analytical results are summarized on Figure 4. Groundwater samples were analyzed
for TPH-D and TPH-O, and samples containing TPH were treated for reanalysis with the silica gel and
acid cleanup method to remove biogenic carbon material that could artificially increase TPH values.
Following silica gel cleanup, TPH-D and TPH-O were detected in the groundwater samples collected
from monitoring wells MW-1, MW-2, MW-3, MW-4, MW-5, MW-6, MW-7, MW-8, MW-9, MW-16,
and MW-19. TPH-D concentrations ranged from 1.2 milligrams per liter (mg/L) in MW-16 to 26 mg/L in
MW-7. TPH-O concentrations ranged from 0.68 mg/L in MW-5 to 5.18 mg/L in MW-4. Compliance
wells MW-13 and MW-14 were non-detect for TPH-D and TPH-O after silica gel cleanup.

Soil sample analytical results are summarized on Figure 5. Soil samples were analyzed for TPH-D and
TPH-O. Samples were collected from above the water table and analyzed for TPH-D ranged from
78.1 milligrams per kilogram (mg/Kg) in boring GP-2A to 32,500 mg/Kg in boring GP-13A.
Concentration of TPH-O ranged from 81.7 mg/Kg in boring GP-4A to 863 mg/Kg in boring GP-5A.
Silica gel cleanup of soil samples identified possible biogenic interference in the sample from GP-2A.

3.3 FEASIBILITY TEST RESULTS

SECOR conducted an aquifer test in February 1996 to evaluate hydraulic characteristics of the shallow
aquifer in the dredge fill. In February 1999, SECOR conducted a bioventing pilot test to evaluate the
feasibility of bioventing as a remedial alternative.

3.3.1 Aquifer Testing

Aquifer testing was performed at the site to evaluate hydraulic characteristics of the shallow
water-bearing dredge fill. Tests were performed during February 1996 when the aquifer yield
was assumed to be greatest. Slug tests were performed on wells MW-1, MW-7, MW-18, and
EX-2 to collect data to estimate aquifer transmissivity. A step-drawdown test and a pumping test
were conducted on well EX-2. During the time of highest yield, the aquifer sustained a maximum
yield of 0.5 gallon per minute (gpm) in a 4-inch diameter groundwater monitoring well. No
drawdown was measured in observation well MW-7, 20 feet away from well EX-2. The pump
test data indicate a lateral formation transmissivity of 0.0005 square foot per minute (ft*/min),
which is consistent for a silt material.

Given the transmissivity determined through aquifer testing, aggressive capture and recovery of
groundwater at the site would require extensive trenching in order to effectively implement a
pump and treat corrective action.

3.3.2 Bioventing and Total Fluids Extraction Pilot Test

The pilot test was conducted during the weeks of February 11, February 18 and February 25,
2000 on the shallow sandy fill material in the vicinity of the former west pond. The objective of
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the bioventing and total fluids extraction pilot test was to evaluate the following site-specific
parameters for full-scale remediation system design:

]

Rate of Biorespiration

Soil Vapor Exfraction Flow Rate Versus Applied Vacuum
Radius of Influence

Total Fluids Recovery Rate

The pilot test results indicate that bioventing and total fluids extraction is a feasible alternative for
accelerating natural biodegradation of petroleum hydrocarbons at the site to levels below the
regulatory cleanup standards. The full scale design is based on the following design parameters
derived from the results of the pilot test.

o  Vacuum Versus Flow Rate: The design vacuum will be approximately 4 inches of
mercury (” Hg), and the design flow rate will be approximately 20 standard cubic feet per
minute (scfm) per well.

o  Radius of Influence: The conservative design radius of influence is 30 feet, based on an
induced vacuum radius of influence ranging from 11 to 43 feet. Also, increases in
oxygen concentrations in the vadose zone were observed in wells that were 30 to 50 feet
from the extraction point.

e Soil Vapor Concentrations and Air Emissions Estimates: Low levels of the BTEX
compounds, benzene (0.496 mg/m’), toluene (0.496 mg/m’®), ethylbenzene
(0.496 mg/m’), and xylenes (0.496 mg/m’) and gasoline range hydrocarbons
(20.8 mg/m’) indicate that the blower discharge should, at least initially, be treated with
vapor phase activated carbon.

e Biodegradation Rates: Hydrocarbon degradation rates ranging from 3 mg/kg per day to
160 mg/kg per day were observed in monitoring wells during the pilot test.

o Total Fluids Production: The average groundwater extraction rate is expected to range
between 0.2 gpm and 1 gpm per well.

4.0 CLEANUP STANDARDS

Cleanup standards for the shallow groundwater at the site have been developed pursuant to the Model
Toxics Control Act (MTCA) cleanup regulations using an assessment of potentially sensitive receptors
and local soil and groundwater quality. The following discussion presents the rationale for the selected
cleanup standards.

4.1 REMEDIAL OBJECTIVES

Ecology has established that cleanup of hazardous substance sites shall be conducted with preference
given to technologies which minimize the amount of untreated hazardous substances remaining at the site.
The site conditions have been evaluated with regard to the preferred technologies presented in
WAC 173-34-360(4). Based on an evaluation of the contaminants of concern, the media of concern, the
site conditions, and the results of the feasibility pilot testing, bioventing and excavation were selected as
technically feasible alternatives for remediation of the site. These alternatives will treat hazardous
substances and minimize the amount remaining at the site, as discussed in Sections 5.0 and 6.0 below.
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4.2 MODEL TOXICS CONTROL ACT

MTCA requires that remedial actions at a site achieve a cleanup level that protects human health and the
environment.  The cleanup must comply with MTCA cleanup standards as specified in
WAC 173-340-700 et seq.

MTCA provides the primary cleanup standards for the affected media at the site. MTCA authorized
Ecology to adopt cleanup standards for remedial actions at hazardous waste sites. These regulations
incorporate other federal and state requirements and are considered the primary cleanup standards for soil,
groundwater, and surface water cleanup actions in Washington State. The processes for identifying,
investigating, and remediating hazardous waste sites are defined, and cleanup levels are set for
groundwater, soil, surface water, and air in WAC 173-340 Sections 720 through 750. Additional
guidance for conducting cleanups of site contaminated with TPH is provided in the Interim Interpretive
and Policy Statement: Cleanup of Total Petroleum Hydrocarbons (TPH), Ecology Publication No.
ECY97-600 (Interim TPH Policy), January 20, 1997, discussed below.

Under MTCA, site-specific cleanup levels are contingent upon the anticipated future land use of the site.
The regulation specifies three “methods” for use in establishing site cleanup levels for specific
environmental media. Briefly, these are:

e Method A cleanup levels are set by the state of Washington and are delineated in the regulation
for a specific subset of chemicals for environmental media. These values can be used as cleanup
levels during “routine” site cleanups (e.g., few contaminants at the site, and all contaminants have
Method A cleanup levels).

e Methed B is the standard method for site cleanups under MTCA. Method B cleanup levels
involve calculation of media-specific values for a given chemical from specified formulae
provided in the regulation. The formulae require input of chemical-specific toxicological
parameters, as well as physiological and exposure-based parameters. Parameter values and
sources are explicitly stated in the regulation.

e Method C is the conditional method for site cleanups under MTCA. MTCA Method C levels
involve calculations similar to Method B, with some modification of specific parameter values to
meet special conditions associated with the site (i.e., industrial sites).

Consistent with the provisions in MTCA [WAC 173-340-720 (1)(c) and (3)(b)(v) for groundwater
cleanup standards], MTCA cleanup levels allow groundwater cleanups based on protecting surface water.
Therefore, the proposed groundwater cleanup levels for the site have been based on protection of surface
water in the Columbia River.

4.3 CLEANUP CRITERIA
4.3.1 Groundwater
4.3.1.1 Groundwater Cleanup Levels
Cleanup levels for groundwater must protect the highest beneficial use and reasonable

maximum exposure expected to occur under both current and potential future site use
conditions. Under typical conditions, the highest beneficial use is considered to be as
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drinking water; however, based on the following criteria, site groundwater is exempt
from this consideration per WAC 173-340-720 (1)(a):

1. Shallow site groundwater is not a current source of drinking water

2. Shallow site groundwater is not a viable future drinking water source as a result
of the demonstrated low permeability of the aquifer, which did not produce
greater than 0.5 gpm sustained flow from EX-2, a 4-inch diameter groundwater
monitoring well. Per WAC 173-340-720(1)(a)(ii)(A), groundwater is not a
potential future source of drinking water if it is not present in sufficient quantity
to yield greater than 0.5 gpm on a sustainable basis.

3. Transport of petroleum constituents from the contaminated groundwater to a
current or potential source of drinking water is unlikely due to the following
factors per WAC 173-340-720(1)(b):

e The extent of affected groundwater is limited to the perched aquifer in
the region of the former pits.

e The nearest drinking water supply well is approximately /2 mile from the
site and is screened at a depth of 110 feet.

e Petroleum impacts are present in shallow groundwater.  State
requirements for drinking water wells (WAC 173-160) require an 18-foot
casing, placing a well screen in the unproductive silt, below the zone of
petroleum impacts hypothetical drinking water.

e Transport to a deeper aquifer is improbable because the petroleum
compounds are less dense than water and tend to reside at the top of the
water table.

e Transport to a deeper aquifer is improbable due to the lower permeability
of the silt layer underlying the sand.

e Transport to an adjacent aquifer is unlikely, as the groundwater flow has
been demonstrated to be to the south towards the Columbia River.

Due to the unsuitability of site groundwater for drinking and domestic uses, proposed
groundwater cleanup levels for the site are not based on a drinking water beneficial use. It
is proposed that cleanup standards therefore be based on the beneficial use of the
Columbia River which is a potential receptor of site groundwater. The highest use of the
Columbia River is as drinking water, and to protect the use of the Columbia River as a
downstream drinking water source, the MTCA Method A groundwater cleanup level of
1,000 micrograms per liter (ug/L) (parts per billion [ppb]) TPH is proposed for
groundwater discharging to the Columbia River.

4.3.1.2 Point of Compliance

The regulatory point of compliance for protection of surface waters is “the point at which
hazardous substances are released to surface waters.” WAC 173-340-730(6)(a). To
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provide additional protection to the beneficial uses of the Columbia River, a more
protective point of compliance is proposed at downgradient wells MW-13 and MW-14.
These wells are located south of the zone of contamination, between it and the Columbia
River.

4.3.2 Surface Water

No adverse impact due to site contaminants, such as water quality violations or a visible oil
sheen, is allowed on surface water, including the Columbia River. Establishment of the two
points of compliance at MW-13 and MW-14 will allow monitoring to verify that this requirement
is met.

4.3.3 Soil

Method A cleanup levels are listed in Tables 1, 2, and 3 of WAC 173-340-700. Method A
cleanup levels are not site specific. Method A cleanup levels are 200 mg/kg for TPH-D and
TPH-O in soil. The Interim TPH policy establishes guidelines for developing Method B and
Method C risk-based soil cleanup levels that address the following exposure pathways for
potential receptors:

e Direct contact pathway
e Soil to groundwater pathway

To implement the methods for establishing soil cleanup levels for these two pathways, a soil
sample was collected for analysis of aliphatic and aromatic hydrocarbon fractions. The sample
was collected from GP-3 on May 6, 1999 at a depth of 7 to 8 feet bgs. The analysis breaks TPH
down into smaller categories of compounds, called fractions, based on hydrocarbon size, (i.e., the
approximate number of carbons in the compound). It also includes analysis of potentially
carcinogenic compounds such as benzene and carcinogenic polycyclic aromatic hydrocarbons
(c-PAHs). The results of the analysis are presented in the following Table 1:
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Table 1. TPH Fraction Analysis
Representative Soil Sample (GP-3 7-8°) .
Former Columbia Marine Lines Facility

Fraction Concentration
(mg/kg)
Aliphatics 5,915
EC 5-6 nd
EC>6-8 nd
EC>8-10 94.3
EC>10-12 261
EC>12-16 3,130
EC>16-21 1,730
Aromatics 1,104
Benzene nd
Ethylbenzene nd
Toluene Nd
Xylenes Nd
EC>8-10 Nd
EC>10-12 46.6
EC>12-16 412
EC>16-21 409
EC>21-35 237
Carcinogenic PAHs 0.485
TPH 7,020

Laboratory analytical reports and the boring log are included in the Additional Subsurface
Investigation Report, dated July 9, 1999, prepared by SECOR.

4.3.3.1 Direct Contact Pathway

Under the TPH Interim Policy, Method B and Method C cleanup levels may be
established for direct contact with soil at sites with future residential, commercial, or
industrial use categories. Residential cleanup levels are the most restrictive.

Due to the limitations of existing risk data for the compounds typically found in
petroleum products, two types of cleanup levels must be calculated for the direct contact
pathway. The first cleanup level from the Interim TPH policy is for non-carcinogenic
petroleum compounds. The second cleanup level from the Interim TPH Policy is for all
carcinogenic compounds, including benzene and c-PAHs.

Non-Carcinogenic Compound Cleanup Level

The non-carcinogenic cleanup level is determined by calculating a hazard quotient (HQ).
The cleanup level is defined as the level at which the HQ is equal to 1.0. The HQ is
dependant on the concentration of the aliphatic and aromatic petroleum hydrocarbon
fractions listed in Table 1. For each fraction, an HQ is calculated using the following
formula:
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(SCYSIR)

HO=
(OR/D)(ABW)(1,000,000mg / kg)

[1]

Where SC is the soil concentration of the fraction in mg/kg, SIR is the average soil
ingestion rate (assumed to be 200 mg/day), the ORfD is the oral reference dose, and
ABW is the average body weight of a child receptor (assumed to be 16 kg). EPA defines
the ORfD as an estimate of a daily exposure to the human population, including sensitive
subgroups, that is likely to be without an appreciable risk of deleterious effects during a
lifetime. Doses at or below the ORfD are not likely to be associated with any health
risks, and are, therefore, assumed likely to be protective and of little regulatory concern.

Equation [1] may be simplified as follows:

HQ = (SCY(Multiplier) [2]
Where:
Midkipliar = T2 3]
ORfD
And:
Facrorkesidenriﬂl = zoomg / day = 1'25375 /day [4]
(16kg)(1,000,000mg / kg)
Factor ... =3.125¢™° / day [5]
Factor,, .., =2.86e” [ day [6]

Using these factors, the hazard quotient of the representative soil sample (see Table 1)
may be calculated as follows:
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Table 2. Representative Sample Hazard Quotient
Direct Contact Pathway Evaluation
Former Columbia Marine Lines Facility

Soil
Condition (mg?lﬁﬂ,{l;ay) Factor Multiplier Conec. CI;I a::;:: ¢
(mg/kg)

RESIDENTIAL
Total Aliphatic 0.06 1.25E-05 | 2.08E-04 6,254 1.303
Total Aromatic 0.03 1.25E-05 | 4.17E-04 1,105 0.460
TOTAL| 7,359 1.763

COMMERCIAL
Total Aliphatic 0.06 3.13E-06 | 5.21E-05 6,254 0.326
Total Aromatic 0.03 3.13E-06 1.04E-04 1,105 0.115
TOTAL| 7,359 0.441

INDUSTRIAL

Total Aliphatic 0.06 2.86E-07 | 4.77E-06 6,254 0.030
Total Aromatic 0.03 2.86E-07 | 9.53E-06 1,105 0.011
TOTAL| 7,359 0.040

Table 2 indicates that the TPH levels in the representative soil sample are greater than the
residential cleanup level, but less than the commercial and industrial cleanup level. It
also indicates that 74% of the hazard quotient is produced by the aliphatic fraction and
that 26 percent is produced by the aromatic fraction.

Equation 2 may be re-arranged to derive the following formula for calculating the
cleanup level by setting the total HQ to 1 (0.74 for the aliphatic fraction and 0.26 for the
aromatic fraction) and solving for the corresponding soil concentrations that will produce
the hazard quotients:

_ HQ 1 _ ORD -
Multiplier ~ Factor  Factor
ORfD

Residential, commercial, and industrial cleanup levels for the non-carcinogenic TPH
compounds are calculated on the following Table 3:
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Table 3. Non-Carcinogenic Cleanup Levels
Direct Contact Pathway Evaluation
Former Columbia Marine Lines Facility

Cleanup
Condition (mg?lzi}; a) Factor Multiplier (?1:‘ :t?;z ¢ Level
(mg/kg)
RESIDENTIAL
Total Aliphatic 0.06 1.25E-05 | 2.08E-04 0.74 3,552
| Total Aromatic 003 | 1.25E-05 | 4.17E-04 0.26 624
TOTAL 1.00 4,176
COMMERCIAL
Total Aliphatic 0.06 3.13E-06 | 5.21E-05 0.74 14,208
Total Aromatic 0.03 3.13E-06 1.04E-04 0.26 2,496
TOTAL 1.00 16,704
INDUSTRIAL
Total Aliphatic 0.06 2.86E-07 | 4.77E-06 0.74 155,245
Total Aromatic 0.03 2.86E-07 | 9.53E-06 0.26 27,273
TOTAL 1.00 182,517

Carcinogenic Compound Cleanup Levels by TPH Interim Policy

The risk from carcinogenic compounds is calculated and compared to the acceptable risk
level assigned by MTCA for residential, commercial, and industrial uses. Of the two
carcinogenic groups looked at by the TPH Interim Policy, c-PAHs were detected at a
level of 0.485 mg/kg. Benzene was not detected in this sample. It has been detected in

groundwater (1996) and was detected in the pilot test soil vapor sample at a level of
0.496 mg/m”.

The formula for determining the carcinogenic cleanup level is:

_ (SC)OCPF)(SIR)(DUR)
 (ABW)(Life)(1,000,000mg / kg)

(8]

Where SC is the soil concentration in mg/kg, OCPF is the oral cancer potency factor
(0.029 kg-day/mg for benzene and 7.3 kg-day/mg for all c-PAHs), SIR is the soil
ingestion rate of 200 mg/day, DUR is the duration of 6 years, ABW is the average body
weight of a child (16 kg), and life is average life span (75 years).

The equation may be simplified as follows:

Residential Soils: Risk = (SC)(OCPF)( 1.0e®) [9]
Commercial Soils: Risk = (SC)(OCPF)(2.5¢”) [10]
Industrial Soils: Risk = (SC)(OCPF)(7.62¢™) [11]

Acceptable risk levels are less than one in a million (1) for residential land use and less
than one in one hundred thousand (le”) for commercial and industrial land use. In
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practice, a soil cleanup level may be calculated by first determining the risk due to the
existing c-PAH level, dividing that risk by the acceptable risk, and then multiplying by
the existing c-PAH level.

Using the methods in the Interim TPH Policy, the risk associated with the carcinogenic
PAHs, and the associated cleanup levels for carcinogenic PAHs only, are summarized on
Table 4, below:

Table 4. Carcinogenic PAH Cleanup Levels
Direct Contact Pathway Evaluation
Former Columbia Marine Lines Facility

b 1;2‘:;;9;2“(‘:?)2? OCPF | Residential |Commercial | Industrial
- e " | (kg-day/mg) |  Risk Risk . | Risk

: s (mg/kg) (kg-day/mg) X gl

c-PAHs 0.485 7.3 3.54E-06 8.85E-07 | 2.70E-07

Total Acceptable Risk 1.00E-06 1.00E-05 | 1.00E-05

[c-PAH Cleanup Level (mg/kg) | | 014 [ 548 | 1798 |

It should be noted that the only carcinogenic compound detected on site was chrysene.
The MTCA Cleanup Levels and Risk Calculations (CLARCII) Update, issued by Ecology
in February 1996, includes a Method B cleanup level of 0.137 mg/kg in soils for
chrysene, equal to the residential level calculated in Table 4. Because the TPH Interim
Policy, which was issued after the CLARCII Update, addresses commercial and
industrial risks as well as residential risk, the CLARCII values are believed to be
inappropriate.

4.3.3.2 Soil to Groundwater Pathway
The soil to groundwater pathway addresses the following two transport issues:

e Solubilization of Vadose Zone Petroleum
e NAPL Gravity Flow

Solubilization of Vadose Zone Petroleum

Evaluation of the soil to groundwater pathway determines what concentrations may be
left in the vadose zone without producing concentrations in the groundwater, via
solubilization of vadose zone petroleum and transport into the groundwater, that exceed
groundwater cleanup levels. The following four options are presented in the TPH Interim
Policy for evaluating the soil to groundwater pathway:

Option 1: 100 x Groundwater

. Option 2: Soil/Pore Water Partitioning and Groundwater Mixing
Option 3: Empirical Demonstration
Option 4: LUST Matrix

Under Option 1, the soil cleanup level may be assumed to be 100 times the groundwater
cleanup level. Due to the relative insolubility of the constituents at the site, Option 1
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underestimates the amount that may be left in the soil and is not appropriate. Data
required for Option 3 is not available for the site. Option 4 is not appropriate because this
site is not a leaking underground storage tank (LUST) site.

Option 2 is used to develop the soil to groundwater pathway cleanup level in this
document. The soil/pore water partitioning and groundwater mixing method models two
mass transport and mixing phenomena using formulas presented in the TPH Interim
Policy:

e  Equilibrium partitioning (solubilization) of petroleum constituents in the vadose
zone into infiltrating water using Raoult’s Law

e Simple mass balance mixing of the infiltrating water with groundwater

The soil/pore water partitioning method incorporates the following conservative
assumptions:

e Equilibrium soil/water partitioning is instantaneous

e Constituents do not attenuate (i.e. adsorb to soil or degrade either biologically or
chemically) in the aquifer

e The source is infinite, homogenous, and extends from the ground surface to the
water table

e The receptor well is at the edge of the source and screened within the plume
e  Aquifer properties are homogenous and isotropic

e To provide an even more conservative model than presented in the TPH Interim
Policy, the evaluation in this document assumes that the infiltrating water will
not be diluted by clean groundwater, i.e. a dilution factor of 1 is used rather than
the recommended dilution factor of 20 from the TPH Interim Policy. This
simplification has the effect of eliminating the mass balance mixing portion of
the model.

Due to the interactions between individual chemical components, the solubility in water
of a chemical in a mixture is different than for the individual chemical. For a given
chemical species in a mixture, equilibrium partitioning is described by Raoult’s law,
which is:

C,, =X [12]
Where C,, is the concentration in the vadose zone pore water, i.e. the effective solubility
of the chemical species; X is the mole fraction of the chemical species in the soil; and S'is
the solubility of the chemical species in water. The mole fraction is the number of moles
of the species in question divided by the total number of moles of all species in the
mixture. The mole fraction of an individual chemical species, a, in a mixture of
chemical, such as petroleum, is calculated by dividing the number of moles of the
individual species by the total number of moles in the mixture. The number of moles
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present for each species is calculated by dividing the mass of each species by its
molecular weight.

X=—t [13]

AT
MW,

Where m, and MW, are the mass and molecular weight of the species in question,
respectively, and m, and MW, are the mass and molecular weight of all species in the
mixture (including the species in question). Because the model assumes instantaneous
equilibrium between the petroleum mixture and the water, the overall solubility of the
mixture is determined solely by the mole fraction and solubility of individual
components, and it is independent of the actual soil concentration of the mixture.
However, it is sensitive to changes in the mixture, i.e. the overall solubility decreases as
composition of the mixture increases in heavier fractions, or it would increase if the
composition increased in lighter fractions.

Because petroleum is a mixture of many different chemicals of unknown properties, the
TPH Interim Policy simplifies the evaluation by presenting molecular weights and
solubility data for each of the aliphatic and aromatic petroleum fractions identified in the
TPH fraction analysis (see Table 1). Using the TPH fraction values identified in Table 1,
equilibrium partitioning of site petroleum compounds is modeled in Table 5.

Table 5. Predicted Groundwater Concentrations
Soil to Groundwater Pathway Evaluation
Former Columbia Marine Lines Facility

ik ; ; : ; -~ Groundwater Cleanup Calculations pEE
e Seil Comes [T oMY s Cori . | Groundwater
. Compound sl : S - Lpw ! iluti 4
Tl i35 (mg/kg) M%li. ‘Moles - | Mol. Frac. | Solubility |Effect. Sol. ];!:g:’: Concentration
._(gij: - | (mmol/kg)| (percent) (mg/) | (mg/l) ool (mg/)
ALIPHATICS
EC>8-10 94 130 0.7 0.02 033 0.007 1 0.0068
EC>10-12 961 160 6.0 0.17 0.026 0.0045 1 0.00446
EC>12-16 3130 200 15.7 0.45 0.00059 | 0.00026 1 0.00026
EC >16 - 21 1730 270 6.4 0.18 0.000001 |0.0000002 1 0.000000
AROMATICS
EC>10-12 47 130 04 0.01 25 03 1 0.256
EC>12-16 412 150 2. 0.08 58 0.45 1 0.455
EC >16 - 21 409 190 2.2 0.06 0.51 0.031 1 0.0313
EC>21-135 237 240 - 1.0 0.03 0.0066 0.00019 1 0.0002
TOTAL 35.0 1.00 0.754

As shown in Table 5, even with no dilution, due to the relative insolubility of the
fractions in the petroleum mixture at the site, the overall solubility of the mixture is less
than the 1 mg/L limit for TPH in groundwater; therefore, there is no cleanup level defined
by the soil/pore water partitioning method.

Historic groundwater analyses for which TPH concentrations that exceed these predicted
values may have been elevated due to biogenic interference or the presence of small
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amounts of free product in the sample. Future groundwater samples will be collected in a
manner to minimize interference by free product.

NAPL Gravity Flow

NAPL petroleum that is present in the vadose zone at levels above the residual saturation
level may flow downwards toward the water table, coming into direct contact with
groundwater. Residual saturation is defined as the amount of liquid that will remain in
the soil after it has been completely drained, i.e. how much will remain in soil pores and
adsorbed to particles and that will not further drain by gravity.

Literature Review

Laboratory residual saturation values for different types of petroleum products from
several literature sources are summarized in Cohen and Mercer (1993). Residual
saturation values reported in Cohen and Mercer for middle distillates range from
12,625 mg/kg in fine to medium sand, such as the soil found in upper site layers, to
17,000 in silt to fine sand, such the soil found beneath the sand. Literature residual
saturation values for fuel oils range from 21,250 mg/kg in the fine to medium sand to
34,000 in silt to fine sand.

Further literature review suggests that residual saturation is inversely proportional to
grain size and moisture content, i.e. it increases with decreasing grain size and decreases
with increasing moisture content. Most studies did not addressed moisture content, and
the two studies that did address moisture content (Hoag and Marley, 1986, and Ostendorf,
et. al. 1991) focused on gasoline residual levels, which are not applicable to the product
at the site. Ostendorf did find that field gasoline residual levels in a portion of the plume
downgradient from the source were significantly lower than laboratory residual saturation
levels, but this result is of questionable applicability to the Crowley site because the
product at the site is not gasoline and the area of concern is at the source, not significantly
down gradient.

Site Data

Site hydrocarbons have been identified as a “highly weathered diesel fuel oil” (North
Creek Analytical, Inc., 1999). Residual saturation values for the hydrocarbon at the site
are thus likely to be comparable to those observed for fuel oils in the literature.

Site-specific residual saturation values may be inferred from soil data collected at the site.
A sample collected from GP-3 on May 7, 1999, from a depth of 3-4 feet bgs contained
14,000 mg/kg TPH. The sample collected from GP-3 at a depth of 7-8 feet bgs contained
only 7,600 mg/kg TPH. These soils are fine to medium-grained sands. Considering the
15 year age of the hydrocarbon release, this evidence indicates that the residual saturation
level of the hydrocarbon product at the site is likely greater than 14,000 mg/kg in the fine
to medium grained sand of the upper soil layer. This level is consistent with values
published for fuel oil in the literature, i.e. greater than 20,000 mg/kg for fine to medium
grained sand.
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4.3.4 Summary of Tdentified Cleanup Levels
4.3.4.1 Groundwater Cleanup Levels

A groundwater cleanup level of 1 mg/L is proposed for the points of compliance, MW-13
and MW-14.

4.3.4.2 Soil Cleanup Levels

Commercial cleanup levels calculated for the direct contact pathway are 16,700 mg/kg
for non-carcinogenic TPH and 5.48 mg/kg for c-PAHs. Based on literature data and
analytical results from site soils, residual saturation values for site soils are likely greater
than 20,000 mg/kg. Therefore a soil cleanup level of 16,700 mg/kg is recommended.

44 COMPARISON OF SITE CONCENTRATIONS TO CLEANUP LEVELS

Site soil TPH concentrations at two of the soil borings from the geoprobe investigation in 1999 exceeded
the proposed soil clean up level of 16,700 for the direct contact pathway (32,500 mg/kg at GP-13A from
10.5 feet bgs and 17,200 mg/kg at GP-10A from 13 feet bgs). Figure 6 shows an outline of the
approximate extent of soil TPH levels above the 16,700 mg/kg cleanup level.

Site soil TPH fractions found in the vadose zone are relatively insoluble and appear to be protective of
groundwater via the soil to groundwater pathway, based on the soil/pore water partitioning and
groundwater mixing method presented in the Interim TPH guidance.

TPH groundwater concentrations, following silica gel and acid cleanup to remove biogenic material, are
below the 1 mg/L Method A cleanup level at the points of compliance, MW-13 and MW-14.

4.5 PROPOSED CLEANUP ACTIONS
The following two potential cleanup actions are proposed:

e [n-Situ Bioventing
e Excavation and Treatment

The in-situ bioventing remediation strategy has been selected based on the results of the bioventing pilot
test, summarized in Section 5.0 of this report and discussed in detail in the Dual Phase Extraction and
Bioventing Pilot Test Report. The bioventing remedy may be implemented as discussed in Section 5.0 of
this report. Excavation and treatment is discussed in Section 6.0 of the plan. Cost estimates for both
options are presented in Section 7.0.

5.0 BIOVENTING REMEDIATION PLAN
5.1 BIOVENTING DESIGN PHILOSOPHY

Based on the favorable pilot test results, bioventing has been selected as the remedial action for the site.
The goal of the system is to reduce soil TPH below the target cleanup value of 16,700 mg/kg. This value
is achievable through natural biodegradation of the contaminants by indigenous organisms. Because the
prime factor that has limited natural biodegradation at the site is lack of oxygen, the addition of oxygen
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through bioventing will accelerate reduction of petroleum compound concentrations to levels below the
cleanup standards.

The following key parameters have been considered in the design of the proposed remediation plan:

e Radius of influence of each bioventing well

e Anticipated air flow rate from each well

e Petroleum hydrocarbon concentrations in extracted air

e  Anticipated water flow rate from each well

e Petroleum hydrocarbon concentrations in extracted water

Using a conservative design radius of influence per remediation well of 30 feet, bioventing will be
implemented at approximately 5 wells as shown on Figure 6. Hydrocarbon degradation as a result of
bioventing will be monitored to evaluate the effectiveness of the full scale bioventing system. Compliance
monitoring will be conducted per the procedures presented in the Compliance Monitoring Plan, to be
developed per WAC 173-340-410 following acceptance of this Work Plan.

To monitor the points of compliance, quarterly groundwater monitoring at MW-13 and MW-14 is
proposed. The results will be tabulated and summarized in brief summary reports following each
sampling event,

Based on the results of the pilot test, SECOR anticipates that petroleum hydrocarbon levels in soil and
groundwater will be below the cleanup levels within 6 to 12 months of operation. Consequently, as
dictated by actual system operating data, groundwater and soil confirmation sampling will be conducted
to evaluate remediation progress following 6 to 12 months of operation of the system. A confirmation
sampling and analysis work plan will be developed for inclusion in the Compliance Monitoring Plan.
Should results indicate that soil and groundwater cleanup levels have been met, site closure will be
requested.

5.2 BIOVENTING WELLS AND PIPE NETWORK

The proposed remediation wells will be installed as shown on Figure 7. Three extraction points, RW-1,
RW-2, and RW-3, will utilize existing wells MW-7, MW-8, and MW-19, respectively. Extraction points
RW-4 and RW-5 will be new 2-inch wells. The new extraction wells will be 2-inch diameter wells
installed to a total depth of 15 feet. The wells will be screened from 8 to 15 feet bgs.

A total fluids remediation well head will be constructed at each remediation well, as illustrated on the
process and instrumentation diagram (Figure 8). A 2-inch to 4-inch bushing and short section of 4-inch
PVC will be connected at the top of the 2-inch casing, and a 4-inch well seal installed at the top of the
4-inch PVC section. The well seal is designed to seal around a 1-inch flexible PVC hose, called a stinger,
through which vapor and water will be extracted from the well. The depth of the bottom of the stinger in
the well will be adjustable, so that it can be lowered or raised to follow the water surface in the well.
Groundwater and petroleum fluids at the water surface will be extracted by entrainment into the high
velocity soil vapor stream flowing into the stinger. At the top of each well, the stinger will be connected
to an individual HDPE extraction line coming from the manifold at the extraction blower. A ball valve
will be provided at the connection for throttling flow from the well. A Y-inch female Swagelok quick
connect fitting will also be installed at each well head. The Swagelok fitting can be used as a pressure
indicating port or sample port by plugging the appropriate equipment into the fitting.
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The well seal also has two Ys-inch NPT threaded connections. A 's-inch brass ball valve will be
connected to one of the connections to provide a dilution point for introduction of air into the well casing,
facilitating water removal in case the formation provides less air flow than expected. The other '2-inch
connection will be plugged, but it may be used with the ejector pumping system if groundwater
production is higher than expected (see Section 6.3). To use it with the ejector system, a section of /2-
inch PVC pipe or copper tubing will be inserted into the well and threaded into the bottom of the well
seal. The bottom of the tube will be set at a depth of within approximately 6 inches to 12 inches. At the
top of the well seal, 2-inch pipe or tubing will be plumbed to a venturi ejector, which will provide
vacuum to pump water from the well as described in Section 6.3.

5.3 BIOVENTING EXTRACTION EQUIPMENT

Figure 8 presents the process and instrumentation diagram for the proposed system. In addition to the
wells and wellheads, the proposed system includes the following equipment:

e Extraction manifold

e Moisture separation drum
e  Vacuum blower

e Qil/water separation tank
e Liquid phase carbon filter
e  Vapor phase carbon filter

The HDPE extraction lines will be connected to a 3-inch PVC extraction manifold. Each line will be
equipped with a ball valve, Swagelok port, and anemometer port at the extraction manifold. The
anemometer port is a 4" threaded hole in the pipe that is normally plugged, but into which a hot wire
anemometer may be inserted to measure air flow rate.

The 3-inch PVC manifold will be connected to a modified 55-gallon drum used as a moisture separation
tank. The drum will be equipped with a tangential inlet by which the incoming air flow is directed around
the inner walls of the drum, enhancing moisture separation. The moisture separator will be equipped with
an air dilution valve to allow for adjustment of the vacuum level applied to the wells. Groundwater that
accumulates in the moisture separator will be pumped to the oil/water separation tank by a 2-horsepower
(hp) submersible sump pump installed in the moisture separator. The submersible pump will be powered
by 110-V power supplied from a duplex outlet at the electrical panel.

Each extraction well is expected to operate at an air flow rate of approximately 20 scfm and a vacuum of
approximately 4” Hg. The total flow from the 5 wells is expected to be near 125 scfm. To accommodate
back pressure from the vapor phase carbon units and friction losses in the extraction pipe and moisture
separator, the proposed blower has been sized to provide greater than 125 scfm at 5” Hg vacuum. The
proposed blower is a Rotron EN 707 5.5 horsepower, 230-volt, 1-phase blower. It will be equipped with
a vacuum relief valve, motor starter, and hand switch.

The blower will be wired to the pilot test electrical panel by a certified electrician. Exhaust from the
blower will be discharged to the atmosphere through activated carbon and a 10-foot tall, 3-inch diameter,
schedule 40 PVC discharge stack. A Y-inch threaded port in the stack will be used as a sample port and
for measuring air flow using a hot wire anemometer.

Water pumped out of the moisture separator drum will discharge to an existing approximately
1000-gallon oil/water separation tank (See Figure 9). Water will discharge from the tank by gravity
through a 2-inch discharge line to a 55-gallon drum of activated carbon. Treated water discharged from
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the carbon drum will flow into the existing infiltration trench. The trench location is shown on Figure 7.
The trench design is shown on Figure 10.

5.4 BIOVENTING PERMITTING

The Southwest Washington Air Pollution Control Authority (SWAPCA) has stated that it will not require
a permit for discharge from the remediation system if the discharge is controlled by carbon; therefore the
facility will not require an air permit. An injection well permit will be required.

6.0 EXCAVATION AND TREATMENT

The excavation and treatment remedial alternative will consist of excavation of contaminated soil, onsite
thermal treatment, and replacement of the treated soil back into the excavation after it has been
demonstrated to be below cleanup levels. The areas to be excavated are illustrated on Figure 6, and
include the area around boring GP-13A and GP-10A. Additionally, MW-7, MW-8, and MW-19 would be
removed and impacted soil, including free product, removed. The wells would be replaced with new
monitoring wells in the backfilled soil.

Groundwater monitoring at the points of compliance will continue for four quarters after excavation to
confirm that groundwater TPH levels remain below 1 mg/L.
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P £ 1 s)
4 GPeaA  MW-T 2
MW-21 Miy-19 B e GP-24 MW-8 a
MW7 m (ory) (1831) | @ (1870 ot e i
TPH-D | 258 \:?,0,; PH-0 | 281 -
PH-0 | 3.95 ~iegpal MW-16
. MW B (NM)
MW-17 ap.74 O\ (18.36)95 7 PAVED AREA (o)
(of) o )\ @\ ® MW-T__mg/L
TRENCH — gpiga  GP-92_ ®6p-7 GP-134 o i
EATRACTION A =6z -0 | 285
aP-114
# MWW-8  mg/L
INFILTRATION— .~ PH-D | 19.5
TRENCH PH-0 | 24
MW-13
(11.56)  MW-14
(14.55)
WW-14 7
MW-13 m /‘_ cor PH-D J.82 | <0.25*
e R U8 Rpye -0 | 181| <50
PH-0 | 0.85¢ | <0.5
LEGEND
_4,. GROUNDWATER MONITORING WELL LOCATION
o GEOPROBE LOCATION
O IGT  INFILTRATION GALLERY RISER
(") APPROXIMATE CREST OF FORMER PIT
(21.11) RELATIVE GROUNDWATER ELEVATION (FEET)
N (NM)  NOT MEASURED
AMALYTE
TPH-D | DIESEL
PH-0 | OL
o 160 320
& WITH SILICA GEL CLEAVUP
(NS)  NOT SAMPLED
APPROXIMATE SCALE (FEET)
FIGURE:
GROUNDWATER ANALYTICAL RESULTS

(10/14/89) :
FORMER COLUMBIA MARINE LINES FACILITY 4
tional

dernabional fncoraorated 6305 LOWER RIVER ROAD
015 € VANCOUVER, WASHINGTON

JOB#: 015.08480.600 APPR: SR\A DWN: KSM  DATE: 4/12/00

F:/FILES /PORTLAND /CROWLEY DWG: 15—8480-54A—1099



ALCOA

PROPERTY
ALCOA PROCESS TIDEWATER
WATER PONDS PROPERTY
ﬁuw-ra
& aP-2A (1) mgkg]
TPH-0 781
Mt TPH-0 112
;,'_’j‘ 107 msgﬁ MW= PAVED AREA
. MW-2
1PH-0 <500 45—/ N
GP-1A (i) mg/Kg MW-20
TPH-D 4,940 2 4 uW-s - I
TPH-0 J71 MW-3 4’/ i
MW-18 v SN
TRENCH GP—dA (12
EXTRACTION & orred Mu-10 /’};‘"’" TPH-0 (e 154
Mw-21-§- -\ oragd M i 81.7
MW-19 ?P-M my_,- aP-24" /. GP-6A (120 __mg/ig
GP-3A (137 _mg/Kg ° 4 ’ TPH-D 11,600
TPH-D 13,300 / i | TPH-0 863
PH-0 626 aP-oAg I~ @.rcr A 9’“"‘“ A ¢‘uw-15
MW-17 \ -4%",” GP-9A (12) _mg/Kq
Y R e e pes] e
Geoh (107 _ma/ks ‘"’ g aP-134 PAVED AREA
A ~i% 5o
TPH-0 671 ; GP-13A (10.67 m
aP-11A = L
@P-7A (117 myg/ky / -0 2500
TPH-D 9,600 ‘| @P-11A (10°)  mg/Kg
TPH-0 <1000 D T GP-10A (137 _mg/ky
Cone s
TPH-D 41.3|  INFILTRATION ¢ Mw-13 - :
PH-0 <50 TRENCH MW-14
\_\__\ LEGEND
CoLusggy, Rien & SUBJECT PROPERTY LINE BOUNDARY
@  ABANDONED MONITORING WELL LOCATION
™ GEOPROBE LOCATION
OIG1  INFILTRATION GALLERY RISER
N (") APPROXIMATE CREST OF FORMER PIT
ANALYTE
TPH—-D | DIESEL
TPH—0 | Ol
o 160 320
APPROXIMATE SCALE (FEET)
GEOPROBE SOIL ANALYTICAL RESULTS FIGURE:
(SEPTEMBER 10 AND 14, 1999)
FORMER COLUMBIA MARINE LINES FACILITY
it ; Incornorated 6805 LOWER RIVER ROAD 5
0195’ nationol ate VANCOUVER, WASHINGTON
JOB#: 015.08480.660 APPR: £ R\'& DWN: KSM  DATE: 4/12/00
F3/FILES /PORTLAND/CROWLEY =

DWG: 15-8480-55A~-999




&5

@ %
MW—19 WILL BE REMOVED, SURROUNDING P-4 (1o L A -
SOIL EXCAVATED TO REMOVE FREE & [5,380] R MW-g
PRODUCT, AND A NEW WELL INSTALLED MW-18 Fa.
IN THE BACKFILL. S
// /‘/
MW~7 WILL BE REMOVED, SURROUNDING A’
SOIL EXCAVATED TO REMOVE FREE _ A
o PRODUCT, AND A NEW WELL INSTALLED Y st s
ar-7 (7.8 . IN THE BACKFILL. o o b Py
<25 : GP- it N
[<25] ° [4,940] FAN .
GP-2 (3-4) [104] o /S o
. P _ EXISTING EXTRACTION
L apP-2 (7-8') [6,700] W == TRENCH
e _ .. GP-2A (11) S
© i ‘ /
MW-21 MW-1e [78.1] S
. r) /
P !/
Pl /
- 4
@ o B ,-’/' //-/
GP-3A (13~ CEX2\ o -
[13,300] N {*"*’W,a 7 P MW—8 WILL BE REMOVED, SURROUNDING
{ N A SOl EXCAVATED TO REMOVE FREE
e R PRODUCT, AND A NEW WELL INSTALLED
° S o P IN THE BACKFILL.
~ 5 - //
GP-3 (3-4) [14,000] i v Pl
GP-3 (7-8") [7,360] g TR R
\\.\ -‘.\\- . //,r /.'.
e ?’;;‘} ey ?f;?agz / SOIL WITHIN THIS APPROXIMATE BOUNDARY
GP-8A (10°) " P o llh MAY REQUIRE TREATMENT FROM A DEPTH
[12,000] Y (g OF 7 FEET TO 12 FEET BGS.
4 8
o A EXISTING ,
" kR ANFILTRATION
& Ui K  TRENCH " M-8
o GP-TA (11) L e 1
GP-4 (7-8") [9.600] vy ST [
5 kY o ™
G sy [<25] Y e N
S \ L %
\\ \\ ® . /// \‘
; g o I€)
GP-8A (12 VY - . £ & s [32,500] /
[41.3] L% 1 , \  GP-10A (189 ___—-—"""7" B J
M S : ~[17.2003-—— el e N
Tl T ez \
e N s
LEGEND 0 30 60
B e ——
@ MONITORING WELL LOCATION —— ,)' APPROXIMATE SCALE (FEET)
4  OLD EXTRACTION WELL LOCATION [<25]
® GEOPROBE LOCATION
" APPROXIMATE CREST OF FORMER PIT PROPOSED AREA OF REMEDIATION FIGURE:
GP-5 (3-47) ey
@
NOTE [<25) ‘-7 APPROXIMATE EXTENT OF SOILTO BE TREATED FORMER COLUMBIA MARINE LINES FACILITY 6
6305 LOWER RIVER ROAD
GEOPROBE 1-9 (MAY 7, 1999) International Incorporeted
GEOPROBE 1A~13A (SEPTEMBER 10 AND 14, 1999) VANCOUVER, WASHINGTON
JOB#: 016.08480.600 APPR: S{X™ DWN: srh DATE: 6/18/00
DWG: 15—-8480-509




NOTES:

PIPE OR HOSE SHALL BE INSTALLED ON THE
GROUND SURFACE WITH MARKER STAKES EVERY 20 FEET.

2. WELL HEADS SHALL BE CONSTRUCTED AS ILLUSTRATED ON THE
P&ID,

3. IF A WELL PRODUCES ENOUGH WATER TO HAMPER VACUUM
EXTRACTION, A VENTURI EJECTOR WILL BE INSTALLED AT THE WELL.
THE VACUUM AT THE VENTUR/ WILL BE PRODUCED BY WATER
RECIRCULATED THROUGH THE OIL/WATER SEPARATOR TANK.

MW-21 gﬂ

RW-3 (MW-19)

GP-34
‘.
§
\
N\
%
\\
APPROXIMATE N
RADIUS OF N
INFLUENCE GP-6A"
(TYP) 3 %
@ .
GP374
&
MW-17
-
GP-BA
\ LEGEND

GROUNDWATER MONITORING WELL LOCATION

GROUNDWATER MONITORING WELL LOCATION

0 30 60 ® GEOPROBE LOCATION
e e —— O IGT  INFILTRATION GALLERY RISER
APPROXIMATE SCALE (FEET) —
( ) APPROXIMATE CREST OF FORMER PIT

FORMER INJECTION TRENCH
(TO BE USED BY NEW SYSTEM)

GP-124 | MW-10
% L&
MW-18 \
¢ \
\
NEW TREATMENT e
SYSTEM COMPOUND \
MW-7 AN
f\\
. & P
GP-14 S
e P P ™, <
# y ~
EA
YA
1/ "'"
o o
RV
s 2
P
/// P FORMER EXTRACTION
d TRENCH

PHASE 1
PROPOSED EXTRACTION WELL LOCATIONS

FORMER COLUMBIA MARINE LINES FACILITY
6305 LOWER RIVER ROAD
VANCOUVER, WASHINGTON

SECOR

International Incorporated

FIGURE:

4

JOB#: 016.08480.600 APPR: S WA\ DWN: SRH

DATE: 5/16/00
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NOTES:

BLOWER.

3. ELECTRICIAN TO INSTA

1—INCH
DILUTION
VALVE (TYP.)

1/2~INCH
DILUTION
ALVE (TYP.)

LL CELLULAR AUTODIALER TO
CALL SECOR WHEN BLOWER SHUTS DOWN.

1. ALL MOTORS ARE SINGLE PHASE.
2. ELECTRICIAN TO MODIFY EXISTING PANEL(S),

PROVIDE HAND SWITCH AND MOTOR STARTER FOR
RECIRCULATION PUMP, AND ELAPSED TIME METER FOR

AIR/WATER SEPARATOR

DILUTION VALVE WITH
INLET FILTER SILENCER ‘\

3 SCH 40 PvC
EXTRACTION HEADER

28 SCH 40 PVC

]

VALVE

l cuumM Reclier ()
A

\ VENTUR!

TOTAL FLUIDS
EXTRACTION WELL

2“8 SCH 40
PVC OR HDPE (TYP)

1"8 SCH
40 PVC (TYP)

1/2" SCH 40 PVC
OR VACUUM HOSE

INSTALL 4"8 WELL
SEAL AT THE TOP
OF EACH WELL FOR
EXTRACTION STINGER

ROTRON EN 707
REGENERATIVE BLOWER,
5.5 HP, 230-voLT
125 SCFM AT 5° Hg
VACUUHM

FILTER

38 SCH 40 PVC
DISCHARGE STACK —~————]

3¢ FLEXIBLE

ouecr
]
3" pDucT WATER
DRAIN
ve-2
————
L

CARBON ADSORPTION

LIQUID REMOVAL
PUMP, 1/3 HP,
115-VOLT, GRAINGER
MODEL _____.

VENT

2@ SCH 28 FLEXIBLE
40 PVC HOSE

EXISTING OIL/WATER

SEPARATOR \
m

OPTIONAL COMBINATION
SVE AND VENTURI
EXTRACTION WELLs

DISCHARGE TO

INFILTRATION
TRENCH
/ CARBON ADSORPTION
LEGEND
\ RECIRCULATION
PUMP, 3/4 HP, s %
2"8 HDPE WATER 230—-VOLT, GRQNGER o s LEVEL SWITCH VACUUM RELIEF VALVE
s MODEL (6 ELAPSED TIME METER (J  centrirucaL Purp
(4] AUTODIALER D MAZZEl VENTUR!
(") PRESSURE INDICATOR —C1_ ANEMOMETER PORT
~(=) SAMPLE POINT b4 BALL VALVE
@ BLOWER d  REDUCER
PROPOSED PROCESS AND AcliE
h h INSTRUMENTATION DIAGRAM
-4 FORMER COLUMBIA MARINE LINES FACILITY 8
JL_J 6305 LOWER RIVER ROAD
International Incorporated VANCOUVER, WASHINGTON
JOB#: 015.08480.600 APPR: & D\~ DWN: SRH  DATE: 04712700
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DWG: 15-B480-507.DWG




APPENDIX A
HISTORIC GROUNDWATER DATA
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