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1.0 INTRODUCTION

This Revised Corrective Measure Study Report (CMS) has been prepared by the URS
Corporation (URS) on behalf of GE Power Systems (GEPS) for the Former GE
Apparatus Service Center (USEPA ID Number NMDO047140256), located at 4420
McLeod Road, NE, in Albuquerque, New Mexico (site or facility).

The purpose of this CMS is to present corrective measures objectives and recommend an
appropriate corrective measure alternative based on the conditions at the facility. The
revised CMS was prepared based on the outcome of recent meetings and discussions
between the United States Environmental Protection Agency (USEPA), the New Mexico
Environmental Department (NMED), and GEPS in which the USEPA and NMED
suggested that GEPS revisit the approach and activities necessary to close the site under
the Resource Conservation and Recovery Act (RCRA). X &

This Revised CMS supercedes the preceding CMS Report that was prepared by Law
Environmental, Inc., (Law) on behalf of GEPS and submitted to the USEPA and NMED
in April 1992 pursuant to Consent Decree (Civil Action Number 87-1073-jb). The
USEPA and NMED have not provided comments on the April 1992 CMS and it is
understood that the USEPA and NMED will review and comment on this Revised CMS
instead of the preceding 1992 CMS. Following review and acceptance of this document
by the USEPA and NMED, it is understood that the Revised CMS will be subject to a 30-

day public comment period per the Consent Decree.

The basis and justification for revising the original 1992 CMS 1is supported by the
USEPA and NMED to identify current corrective measure objectives, recommend an
appropriate corrective measure alternative, and outline the approach for implementation
of the selected corrective measure alternative. Based on recent discussions, the
appropriate ceir’eg_t_i)m\measqge is readily apparent and has been conceptually agreed upon

B T s I e Memssmmetrempat e T T s NS
by the USEPA, NMED, and GEPS. Furthermore, it is understood and intended that this

Revised CMS effort and corrective measure implementation will be focused and
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streamlined to benefit all parties while meeting the requirements of the Consent Decree to

develop a corrective measure alternative and to recommend the corrective measure to be

taken.

After this introductory section, background information and a review of findings of
previous investigations conducted at the facility, are provided in Sections 2.0 and 3.0,
respectively.  Section 4.0 summarizes the revised and updated risk characterization
conducted for the property and Section 5.0 evaluates and proposes the corrective measure

alternative.
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2.0 BACKGROUND

This section provides background information about the site. The information in this

section is based on previous reports prepared by Law.

2.1 SITE DESCRIPTION AND HISTORY

The Former GE Apparatus Service Center is located at 4420 McLeod Road, NE,
Albuquerque, New Mexico, on an approximately two-acre property within a light
industrial park. The site is approximately four miles northeast of Albuquerque and

approximately 4.5 miles east of the Rio Grande River, as shown on Figure 1.

The site layout is presented on Figure 2. There is one building on the property. The
former service shop building is in the northeast quadrant of the property. An enclosure,
which was formerly used for equipment storage and steam cleaning of parts, 1s attached
to the south side of the building. The south end of this enclosure is open and a concrete
slab extends approximately 20 feet beyond the enclosure. Asphalt pavement covers the
area immediately north and northeast of the building. The remainder of the area to the
east and the area to the south is covered with gravel and natural sparsely-vegetated soils.
All equipment and materials were removed from outdoor areas when operations were
discontinued and the facility was closed in 1994. There is no equipment or materials
currently stored outdoors at the property and the property is not being used for any

business purpose at this time.

GEPS retains a property manager to maintain the property. The entire parcel is secured
by a perimeter chain link fence except for the northern McLeod Road frontage parking
area that extends approximately 80 feet south from the McLeod Road curb to the front

wall of the building.

GE Albuquerque 3 URS Corporation
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The Former GE Apparatus Service Shop was constructed in 1969 for the repair of
industrial equipment, primarily electrical motors. Transformers containing dielectric
fluids and insulating oils (some containing polychlorinated biphenyl [PCBs] compounds)
were also repaired at the shop. Until 1983, wastewater from steam cleaning operations
was discharged into in two on-site dry wells. Site operations were discontinued and the

facility was closed in 1994.

2.1.1 Geology

The geology underneath the site consists of gravel sediments. These deposits form a
veneer on the river-cut surfaces and have a maximum thickness of approximately 50 feet.
Borings conducted at the site indicated the presence of interbedded layers of sands with
minor silt and clay layers (Law, 1990). Soils encountered in the vicinity of the dry wells
are generally silty gravels that are partially cemented in some areas. Fine to coarse sands
were encountered from a depth of 10 to 15 feet below the ground surface. The depth to
groundwater at the site ranges from approximately 250 feet below ground surface (bgs) to
approximately 260 feet bgs. Based on the groundwater data presented by Law,

groundwater generally flows to the south beneath the site.
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3.0 PREVIOUS INVESTIGATIONS

In 1990, a RCRA Facility Investigation (RFI) was performed at the site by Law on behalf

of GEPS to obtain information and other data to characterize the facility, identify sources

of contamination, determine the nature and extent of contamination, and identify actual

and potential receptors. The RFI Report was submitted to the USEPA, Region VI, in
Ep sl ol N s

November 1990. /'x‘ - N e .

The remainder of this section discusses the results of the RFI regarding sources, nature

and extent, and receptors.

3.1 POTENTIAL SOURCES

Three former release areas were identified during the RFI:

The former dry well areas;

The former waste storage area; and

The former drum rack area.
Each of these areas, which are shown on Figure 2, are described briefly below.

Former Dry Well Areas

The two dry wells were constructed in 1969 during the construction of the facility. Dry
well 1 1s approximately 10 feet northwest of the southwest corner of the building (see
Figure 2). Dry well 1 is approximately 12 feet deep, with an inner diameter of
approximately 2.5 feet at the top. The base of the dry well is slightly wider than the

surface. The wall of the dry well is constructed of masonry blocks with the cavities

GE Albuquerque 5 URS Corporation
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orientated horizontally. A concrete lid spanning the concrete blocks is approximately one

foot below the ground surface.

Dry well 2 is approximately 20 feet northwest of Dry well 1 (see Figure 2). Dry well 2 is
approximately 15 feet deep, with an inner diameter of approximately 3 to 5 feet, based on
borings conducted during the supplemental soil boring investigation. The boring (B-7)
advanced in dry well 2 encountered soil from the surface to approximately seven feet bgs,
and cobbles from 7 feet bgs to the bottom of the dry well, approximately 15 feet. It has
been assumed that the cobbles are confined to the dry well and were placed into the dry

well when 1t was taken from service.
Former Waste Storage Area

The former waste storage area is approximately 130 feet southwest of the building, as
shown on Figure 2, and measure approximately 30 feet by 20 feet. This area was
formerly used for the temporary storage of 55-gallon drums of waste oil from facility

operations.
Former Drum Rack

The former drum rack is approximately 50 feet south of the building, and was used from

approximately 1970 to 1985.

3.1.1 Nature and Extent of Contamination

The analytical results for the soil sampling conducted at the former waste storage and
former drum rack areas did not indicate evidence of any extensive impact of analyzed

chemicals to those areas. Furthermore, additional near-surface soil sampling and analysis

was conducted in these areas to explore for previously undetected impacts (if any).

GE Albuquerque 6 URS Corporation
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Similarly, this additional sampling did not identify evidence of contaminant sources or

releases in the former waste storage of former drum rack areas.

However, the analytical results for the soil sampling conducted to investigate the former
dry wells indicated the presence of compounds of concern at levels requiring additional
investigation. Consequently, a series of additional investigations were conducted to
thoroughly evaluate the degree and extent of compound of concerns in the vicinity of the
former dry wells. Additional investigation in the area of the dry wells was presented in a
Work Plan prepared by Law on behalf of GEPS and submitted to the USEPA in January
1991, and revised and resubmitted in February 1991. Following approval, the workplan
was implemented and the results of this investigation were presented in the Supplemental

Soil Assessment Report, submitted to the USEPA in July 1991.

The available site data provide a thorough and adequate delineation of the degree and
extent of compounds of concern in soils at the site. A comprehensive presentation of all
sampling locations completed as part of the various phases of RCRA investigations are
presented on Figure 3. The results of laboratory analysis performed on samples collected
during the RFI and the supplemental investigations are also presented on Figure 3. As
can be seen from the results presented on Figure 3, PCBs were limited in their lateral
extent and the vertical extent varied across the site from 0 to 0.5 foot bgs to as much as
97 feet bgs. The data indicate that the majority of impacts are limited to the upper 15 feet
of soil surrounding the dry wells. Data also indicate the presence of incidental neat-

surface PCB impacts at other locations south and southwest of the building. The findings

of the RFI and supplemental 1nvest1gat10ns also indicated the presence of select Volatlle

organics compounds (primarily xylene ethylbenzene and toluene) in the soils. The

results also indicated the presence “of chlonnated volatlle organic compounds in soils at

much lower concentrations. Volatile organic compounds were predominantly found near

the former dry wells.

During the RFI, several monitoring wells and piezometers were installed across the site to

characterize the groundwater quality, depth to the groundwater, and groundwater flow

GE Albuquerque 7 URS Corporation
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direction. The monitoring wells ranged in depth from approximately 279 feet bgs to 290
feet bgs. Groundwater was encountered at approximately 250 feet bgs to 260 feet bgs.
The results of the groundwater samples collected from the monitoring wells during two
rounds of groundwater sampling at the site indicated that groundwater quality had not

been impacted by the subject site.

3.1.2 Potential Receptors

The RFI efforts included identification of potential migration pathways for site
constituents and a review of potential human and environmental receptors. Based on the
review of the potential exposure pathways and potential receptors, Law concluded that
site workers could potentially be exposed to constituents in the soils via dermal contact
and ingestion. Based upon the nature of the development near the service shop and
population distribution discussed in the RFI, it is considered unlikely that potential

environmental receptors would be affected by site-specific constituents detected in site

soils.

GE Albuquerque 8 URS Corporation
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4.0 RISK CHARACTERIZATION

On the behalf of GEPS, URS has revised the previously-completed Risk Assessment for
the site. The Revised Risk Assessment is in Appendix A. In accordance with the
USEPA’s December 12 2(2,0“1 letter, the revision to the Risk Assessment was performed
based on an uggonipe;ﬁé:i, v‘rgsidentia} future land use scenario assumption to satisfy
January 2001 changes in New Mexico law. Based on information provided by USEPA
and NMED, GEPS understands that this revision to the risk assessment is required due to
a change of the risk-based goals for RCRA corrective action remediation of soils by the
NMED Hazardous Waste Bureau (HWB). Because the State of New Mexico currently
has no available mechanism in place to restrict future land use and ensure that industrial
use scenarios will permanently be met, under the new risk-based regulations, NMED
HWB no longer allows the use of industrial screening levels (which was the basis of the
previous Risk Assessment) to achieve a No-Further-Action (NFA) RCRA closure
determination for soils. In conjunction with this, the NMED HWB has also revised the
target excess risk level for determination of NFA closures from 10 to 10 for the total
risk from all carcinogenic constituents in soil. NMED HWB target screening levels for

non-carcinogenic compounds remain based on a Hazard Index (HI) of 1.

The risk assessment has been performed to evaluate non-PCB compounds of potential
concern present in site soils. Quantitative risk assessment of PCB compounds has been
excluded from the attached Revised Risk Assessment. Instead, PCB data are compared
to TSCA guidance for PCB remediation waste (40 CFR §761.61), which has been
adopted as the corrective measure objective (i.e., cleanup level) for the site. The risk
assessment has employed standard values and approaches as set out by the USEPA,
NMED, and relevant guidance, which are typically designed to be conservative and thus
are likely to overestimate actual exposure potential. Use of these values and approaches
in the Revised Risk Assessment should not be regarded as agreement that they represent
the actual exposures at the site. Similarly, the use of published TSCA cleanup levels

should not be regarded as agreement that these standards represent levels above which

GE Albuquerque 9 URS Corporation
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excess risks may be encountered. GEPS’s election to use these inputs for PCBs and non-
PCB compounds does not represent a conclusion that this approach is appropriate for all

sites.

The primary potential exposure pathways at the site arc associated with potential
\

sesus oo

mngestion or dermal contact w1th shallow soils (less than 15 feet bgs). The Revised Risk

N i 15 58y S 534 09y

[ RPRNIPRNIOI e
Assessment also evaluated a potenttal exposure pathway of inhalation of volatile organic

compounds from the soil. The current potential human receptors at the site include the
caretaker of the property. Potential future human receptors are likely to be industrial
users of the site. However, as explained above, the Revised Risk Assessment considers
an uncontrolled, residential future land use scenario in accordance with NMED
requirements. Exposures associated with residential use are likely limited to the top five
feet of soil. It was further assumed that a construction worker could be exposed to
contaminants from the five feet to 15 feet interval during redevelopment of the site.

Investigations conducted at the site have demonstrated that there is no potential for

groundwater contamrnatron at the site and as such potentral future use of the

g s R S g

groundwater is not a complete potentral exposure pathway for the site. Information

s e
S

presented in Sectron 4 2 demonstrates that there is no potent1al threat to site groundwater

T

regardless of the depth at which chemical constituents are present.

As stated above, a PCB cleanup level of less than or equal to 1 mlligram per kilogram
(mg/kg) has been adopted as the corrective measure objective (i.e., cleanup goal) for soils
from zero to 15 feet bgs at the site. As supported by the regulating agency, based on
established potential exposure risk assessment scenarios, there is no potential for direct
exposure to soil at depths greater than 15 feet bgs and the corresponding direct-contact

exposure pathway to these deep soil can be eliminated from further consideration.

Specifically in relation to PCBs, it is therefore understood that the proposed clean/NFA

RCRA closure wrll also satisfy TSCA clean closure requirements and allow USEPA to

AP T .

asesseopes . e oot P

also 1ssue a TSCA closure certification for the site once corrective action measures are

completed.
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4.1 SOIL

The complete Revised Risk Assessment is presented in Appendix A. Based on the

conservative inputs for the evaluated compounds, the results ofthe risk assessment (even

P et i bt

in the absence of corrective action/remediation) demonstrate that there is no significant

o csing o AT S

risk to human health or the environment posed by non-PCB compounds evaluated by the
rrsk assessment at the srte This determination is based on the recently-promulgated
revision to NMED HWB regulations that requires risk assessments petitioning for NFA
RCRA closure utilize an uncontrolled, residential future land use scenario. Furthermore,
this revised risk assessment was based upon all non-PCB data currently present at the site
(ignoring the potential affect of any remediation/corrective measures such as soil

removal/off-site disposal).

The results of the exposure assessment were combined with the toxicity criteria to
estimate lifetime excess cancer risk for carcinogenic chemicals and a hazard quotient for
non-carcinogenic chemicals. A hazard quotient below one was assumed to be below the
threshold for non-carcinogenic effects. In accordance with current NMED HWB

regulations, both NMED and USEPA agree upon a target risk level of 107 for this siteq

A St ""

The results of the Revised Risk Assessment demonstrates that corrective measures are not
required for non-PCB compounds to achieve a condition supporting a complete NFA

RCRA closure.

4.2 GROUNDWATER

The results of the RFI and subsequent investigations indicated that the groundwater at the
site had not been affected by the former site operations or presence of compounds of
potential concern at this site. Furthermore, as part of the previously submitted 1992 CMS
effort, Daniel B. Stephens and Associates, Inc. (Stephens) of Albuquerque, New Mexico,

under subcontract to Law, completed a conservative contaminant transport model for the

GE Albuquerque 11 URS Corporation
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site. Appendix B of this document presents Stephens’ contaminant transport model for

the site.

The results of this conservative modeling indicate that the concentrations of chemical
constituents present at the site would not surpass drinking water standards at the point of
regulatory compliance, which i1s the GE property boundary, at any point iq the future
regardless of site remedial activities. Furthermore, soil quality samplinﬁnauié;ié/‘i;zt the
higher concentrations of compounds are relegated to within 15 feet of the surface and
concentrations diminish with greater depth, the results of groundwater sampling
conducted at the site did not detect the presence of chemicals in groundwater. Also, the
results of Wg conducted years after discontinuation of discharge of
materials into the dry wells indicate no impact that would suggest the potential or
possibility for groundwater contamination to occur at the site. The results of these
evaluations including the conservative modeling, soil and groundwater sampling, and soil

gas sampling provide sufficient evidence that there is no apparent potential for impact to

the groundwater beneath the site from site-related compounds.

GE Albuquerque 12 URS Corporation
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5.0 EVALUATION OF CORRECTIVE MEASURES ALTERNATIVES

This section provides the corrective measure objectives for the site and then identifies
and proposes an appropriate corrective measure alternative. Several corrective measure
alternatives were evaluated in the prior 1992 CMS. Based upon recent discussions
between GEPS, NMED, and USEPA, the corrective measure alternative evaluation
presented in this revised CMS focuses upon and recommends the viable altermative of

excavation and off-site landfill disposal.

5.1 CORRECTIVE MEASURES OBJECTIVES

The cleanup goals for the corrective measures planned for the site are based on the RFI
information, public health and the environmental criteria, USEPA guidance, and
applicable state and federal statutes. The cleanup goals for the corrective measures of the

site are:

= (Cleanup goal for PCBs in soils from zero to 15 feet bgs is equal to or less than 1
milligram per kilogram (mg/kg) (based on USEPA recommended TSCA bulk PCB
remediation waste standard for high-occupancy areas without further conditions). As
stated prev1ously in this document soﬂs at depths greater than 15 feet bgs that W
exhlblt PCBs do not pose a risk to human health or the @m //nt and do not

require excavation to satisfy the corrective measure ob) ectives;

. prmer B
S

Non-PCB constituent cleanup goals, necessary to satisfy the corrective measure
objectives, are based on NMED Technical Background Document for Development of
Soil Screening Levels dated 18 December 2000 and site specific risk assessment
evaluations. Furthermore, based on the results of the various phases of RFI and the
revised Risk Assessment, volatile and semi-volatile organic compounds found at the site
do not present an unacceptable risk based on the exposure scenarios and pathways

evaluated. As shown by the RFI results and the transport modeling previously conducted

for the site, groundwater quality has not and will not be impacted by the site.
[
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Fulfilling the corrective measure objectives will require remediation of the areas
identified on Figure 4. The areas identified for corrective measures are driven by the
PCB concentrations and include the former dry well locations and several other localized

areas where incidental impacts of PCBs have been identified.

As discussed and reviewed with the USEPA and NMED, it 1s GEPS’s understanding that

completion of the corrective measure will achieve the following corrective measure

objectives:

¢ obtain a clean/NFA RCRA corrective action closure to the satisfaction of USEPA and
NMED:; and

o fulfill TSCA standards and facilitate a USEPA TSCA closure for the subject site. In
total, GEPS understands that completion of the corrective measure activities
presented herein will facilitate complete closure of all environmental cases with the

subject site and allow unrestricted use and possibly including divestment of the

property.

GEPS will demonstrate that the site activities completed during this corrective measure
meet the requirements of clean closure equivalency [40 CFR 270.1 (¢) (5) and (c) (6)]
through the collection of appropriate samples during closure and reliance on existing data
previously collected during the RFL. Clean closure equivalency will be demonstrated in

the corrective measures certification report which will be completed following successful

implementation.

5.2 EVALUATION CRITERIA

The following criteria were used to evaluate and confirm the suitability of the single

chosen corrective measure alternative recommended for the site.

GE Albuquerque 14 URS Corporation
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Short Term Effectiveness:

Long Term Effectiveness and Reliability:

Remediation of Sources:

Implementability:

Health and Safety:

Community Acceptance:

Cost:

GE Albuquerque
L6003R

The ability of the corrective measure to meet
the corrective measure goals in the short
term and be effective;

The demonstrated and/or expected ability of
the corrective measure alternative to
function properly without frequent and/or
complex operating or maintenance activities
and maintain the corrective measure goals;
The ability of the corrective measure to
remediate the source areas;

The technical and administrative feasibility
of constructing and operating the corrective
measure system including the time it takes
to implement and the time required to
achieve a given level of response;

The ability to comply with all regulatory
requirements to protect human health and
minimize human exposure to compounds of
potential concern;

The effectiveness to mitigate potential
impacts to the environment and the ability to
comply with environmental standards and
criteria and be accepted by the public; and
The affordability of the corrective measure
alternative from capital, operational, and

maintenance perspectives.

15 URS Corporation
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5.3 CORRECTIVE MEASURE ALTERNATIVE — EXCAVATION AND OFF-
SITE DISPOSAL

This alternative includes excavation and off-site disposal of soil in the zero to 15-foot

horizon that exceeds the cleanup goal of 1 mg/kg for PCBs.

Data indicate the volume of materials that exceed the cleanup goals and will be excavated
as part of the corrective measure at the site is estimated to be approximateiy 100 cubic
yards. Based upon the laboratory data, potential limits of the proposed corrective action
excavation areas are shown on Figure 4. The actual extent of excavation and volume of
soil removed may vary based upon actual excavation methodology and the findings of
post-excavation sampling. The following sub-sections summarizes the corrective

measure alternative and evaluates the alternative against the criteria listed above.

5.3.1 Alternative Description

Excavation involves the physical removal of the contaminated materials from the ground.
This can be accomplished using conventional excavation techniques and equipment such
as a backhoe or front-end loader. Conventional excavation equipment should be capable

of excavating soils down to the maximum excavation depth of 15 feet bgs.

Based upon current site data, the depth and lateral limits of the soils that exceed the
cleanup goals and would be excavated are illustrated on Figure 4. Based on the
distribution of PCBs in site soils and the maximum excavation depth of 15 feet bgs, it is
forecasted that approximately 100 cubic yards (in place) of soil would be excavated
during implementation of the corrective measure. Actual excavation volumes and areas
may vary if unanticipated conditions arise such as potential for building or utility

instability or if results of the post excavation sampling do not meet the cleanup goals.

GE Albuquerque 16 URS Corporation
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Following excavation, post-excavation soil samples will be collected from exposed
excavation surfaces above the maximum excavation depth for laboratory analysis of
PCBs. These data will be evaluated to determine if the corrective measure objectives
have been achieved. Additional excavation will be contemplated for areas that indicate

residual levels of PCBs are greater than the cleanup goals.

After post-excavation sampling demonstrates that the cleanup levels have been achieved,

the excavated areas will be backfilled with clean sfoiﬂl obtained from an off-site source,

which will be sampled/analyzed and conﬁnnedﬁfé?n prior to placement. Following

backfilling operations the ground surface will be restored to pre-existing conditions.
Pl ";'W‘WN

Excavated soils will be temporarily stockpiled at the site u;;(;;x“/and covered with plastic

sheeting to prevent erosion. Representative samples will be collected from the stockpiled

materials and submitted to a laboratory for analyses to characterize the waste in

accordance with RCRA 40 CFR §261 and TSCA 40 CFR §761 protocol. The method of

waste disposal will be based on the waste characterization data, applicable regulations,
GEPS waste management policy) and cost. Landfilling is the probable offsite disposal
option. However, offsite destruction by incineration (possibly for liquid wastes such as

decontamination rinsates) may also be considered by GEPS.

Additional details concerning the implementation of this alternative are provided in
Appendix C, which presents an outline description of the scope of work, for

implementation of this corrective measure.

5.3.2 Alternative Evaluation

As previously discussed this alternative has been evaluated against the seven criteria.

GE Albuquerque 17 URS Corporation
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5.3.2.1 Short Term Effectiveness

The excavation and off-site disposal of the soils would effectively address the areas
considered for corrective action in a short period of time. It is anticipated that the effort

can be coordinated and performed over a period of several months.

5.3.2.2 Long Term Effectiveness and Reliability

Excavation and off-site disposal is a one time operation and does not require complex or
frequent maintenance activities the remove of the excavation and off-site disposal of soils

would result in an effective long term corrective measure.

5.3.2.2 Remediation of Sources

The excavation and off-site disposal of impacted soils will result in the removal of all
potential source areas.

5.3.2.3 Implementability

Excavation and off-site disposal is a widely used corrective action measure and is
considered to be both technically and administratively feasible. Since this alternative
involves the excavation and off-site disposal of the contaminated materials the necessary

cleanup goals for the site will be met when the material is removed.

5.3.24 Health and Safety

Potential short-term impacts during the excavation and removal operations primarily
involve exposure to air borne contaminants and organic vapors and physical risks
associated with construction equipment. The potential for physical risks and exposure

will be reduced through the implementation of site health and safety controls such as site

GE Albuquerque 18 URS Corporation
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access restriction, dust control, decontamination and use of personnel protective

equipment during site activities.

Potential exposure to the public due to accidental releases, can be minimized by utilizing
sealed transport containers, decontamination of transport vehicles before exiting the site,

and the use of reputable transportation companies.

The long-term impact to the public health would be minimal since this alternative
involves the excavation and off-site disposal of soils to meet the cleanup goals and the

placement of clean fill.

5.3.25 Community Acceptance

As presented in the RFI report, the soils at the site do not presently pose any adverse
potential impacts to the environment. Removal of the impacted soils would meet the
corrective measure objectives and eliminate the potential for future potential
environmental impacts. The removal and off-site disposal of the impacted soils is
expected to meet with high community acceptance, any comments generated on the

proposed corrective measure will be address during the public comment period.

5.3.2.6 Cost

The budgetary cost estimate associated with the implementation of this alternative is
$240,500. A summary of these costs is presented in Table 1. This estimate is based on
the excavation of approximately 100 cubic yards (in place) of soil and transport/disposal
at a Subtitle C landfill. Limited quantities of other wastes generated during the
implementation of the corrective measure may also be generated. These wastes, including

but not limited to equipment decontamination rinsates, will also be disposed

appropriately.
GE Albuquerque 19 URS Corporation

L6003R February 11, 2002



PRELIMINARY COST ESTIMATE

TABLE 1

GE- FORMER APPRATUS SHOP, ALBUQUERQUE, NEW MEXICO
SOIL EXCAVATION, AND OFF-SITE DISPOSAL

Elements Cost
Design Phase
Investigation for Further Delination and Design S 50,000
Subtotal $ 50,000
Implementation
Soil Removal S 53,500
Transportation and Disposal S 80,000
Site Restoration $ 5,000
Construction Oversight h) 26,000
Subtotal $ 164,500
Construction Certification Report
Prepare Construction Certification Report $ 26,000
Subtotal $ 26,000
Capital Cost Total $ 240,500

GE - Albuquerque, NM
91.40133600.00/VolumesandCosts | ppmRevised

Page [ of 1

URS Corporation
2/14/2002
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APPENDIX B
CONTAMINANT MODELING IN THE VADOSE AND SATURATED ZONES

B.1 Introduction

To evaluate the potential impact of constituents detected in the soils associated with the drywell
area, modeling of contaminant transport through the vadose zone to ground water and
subsequent saturated zone flow to the regulatory point of compliance was performed by Daniel B.
Stephens & Associates, Inc. of Albuquerque, New Mexico. The following sections described the

selection of the models used, model input parameters and the results of the modeling efforts.
B.2 Vadose Zone Modeling

B.2.1 Model Selection

The model we selected for predicting the concentration of leachate entering the aquifer is
VLEACH. This is a one-dimensional finite difference code for predicting chemical concentrations
in the vadose zone which are affected by liquid phase advection, solid phase adsorption, and gas
phase diffusion. The model assumes that there is a steady state liquid flow downward through
the chemically affected soil zone. Because the flow field is one-dimensional and no dispersion
is taken into account, this model should produce conservatively high concentrations. As the
natural recharge contacts this zone, the model assumes equilibrium occurs between the three
phases.

The code was developed under contract from the U.S. EPA (CH2M-Hill et al., 1990), and it was
approved for use at this site by Mr. Vincent Malott, the EPA project manager. A listing of the
computer code and users guide are included as Attachment B1 to this appendix, and a copy of
the program is provided on floppy disk.

B-1
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B.2.2 Model input

The model input requirements are listed in Table B-1. The parameters for the VLEACH model
were chosen based on field data, available literature and professional judgment. During the
course of our analysis, we conducted a sensitivity test of model results to uncertainty in the
parameters. This information was provided to Mr. Vincent Malott who, after independent analysis,
agreed that the parameters listed in Table B-1 were representative of the site and protective of
the environment (see letter from Mr. Malott to Mr. Barry York, March 27, 1992). Each source of

information used in the model will be discussed.

The horizontal cross-sectional area of the chemically affected soil zone is the AREA. Based on
field data presented in the main body of the text, there are two zones close to one another which
have a combined area of about 400 square feet (Figure B-0). For purposes of simplifying the
analysis, we assumed that the chemically affected soil zones were are combined into a singte

zone 20 feet by 20 feet.

DELZ is the vertical spacing between cells used to calculate chemical concentrations. The size
of the cell is selected to afford reasonable accuracy and computational efficiency, based on our

professional experience.

Q is the ground-water recharge rate; that is, the rate at which fresh water percolates through the
affected soil zone. This is a Darcian velocity, and not an average fluid particle velocity. Our firm
has extensive experience and professional publications dealing on the subject of recharge in arid
environments. Mast scientists regard vegetated desert soils as areas where virtually no recharge
occurs. Throughout New Mexico, from Farmington to Las Cruces, diffuse, areally distributed
recharge on desert landscapes usually is less than 0.01 f/yr in most places (e.g., Stone, 1984;
Stephens et al., 1986; Phillips et al., 1988; Aguilar and Aldon, 1991; Scanlon, 1992). Owing to
the importance of recharge in the analysis of leachate generation, we selected a conservatively
high recharge value of 0.075 ft/yr or 10% of mean annual precipitation. This value is estimated
to exceed the true value for the mean soil-water flux by at least a factor of 10.

B-2
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THETA is the volumetric water content of the soil. This parameter was calculated from

measurements of gravimetric water content, 0,_, using the following equation:

8, = 6.p/p.

where p, is the dry bulk density and p,, is the density of water. The measurements of 8, and p,

for three different soils is given in Table 3 of the RFI report. These are:

8, (%) Py (dry unit weight, PCF)
Siity Sand 7.4 114.6
Sandy Silt 18.2 89.0
Lean Clay 17.7 103.6

Noting that 1 PCF = 0.016 g/cc and p,, = 1.0 g/cc, the volumetric water content, 6, for three

different soils are:

ev
Silty Sand 0.136
Sandy Silt 0.259
Lean Clay 0.293

Since the vadose zone is composed of large amounts of sand (approximately 30%) and small
amounts of silt and clay (approximately 10%), we have used an average value of 8, based on the

following weighting method:

8, = 90% x 0.136 + 10% x (0.259 + 0.293)/2 = 0.15

v

B-3
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RHOB is the dry bulk density for the soil. We assumed that the soil is a composite of the sand,
silt, and clay layers. Using the same soil texture weighting factors (90% sand, 10% silt and clay)
as used to calculate moisture content, the soils’ average dry bulk density is 1.80 g/cc. The basis
for using an RHOB of 1.74 g/cc (assuming 50% sand and 50% silt and clay) is the fact that there
is more silt and clay in the source block, which is at a shallow depth of 12 to 24 ft below the
ground surface. However, the sensitivity analysis has shown that this minor difference in dry bulk

density will cause a negiigibly small difference in concentration resuits.

POR represents the soil porosity. We have used a porosity of n = 0.4 for the soils in the vadose
zone for the same reasons noted above. Since the difference between total effective porosity and
volumetric water content represents the cross-sectional area of the path way for gas diffusion, any
reduction of the total effective porosity will reduce the gas diffusion to the atmosphere and thus
increase the concentration of volatile chemicals in ground water.

FOC is the organic carbon fraction expressed as mass of carbon per unit mass of soil. For the
GE site, we assumed the f is 0.001. In arid climates the soils typically have very low natural
organic matter (e.g., humus). For another project in the Albuquerque area further upsiope on the
aliuvial fan, our firm coilected uncontaminated soil samples and found that f, . was 0.00017 to
0.0021. The higher the f,, the more retardation occurs. When we used a mean value of
f.. = 0.001 for modeling of the GE site, and assumed the source concentration of the soil is
1400 ppm, our sensitivity analysis indicated that free phase xylene would occur. We have not
identified any information to suggest that free-phase xylene exists at this site. Consequently,
either the f,. is much greater than 0.001 or mean soil concentrations of xylene are less than
1400 ppm. We believe that the mean soil concentrations of xylene in the contaminated zone are
much less than 1400 ppm. However, to be conservative, we assumed that the entire block of soil

was at the maximum measured concentration, 1400 ppm, and that the f,. was 0.001.

NCELL is the number of cells in the vertical dimension. It is calculated simply by dividing the
thickness of the vadose zone, 266 feet, by the thickness of each cell, DELZ.

B-4
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CINF is the concentration of the contaminant in the percolating water entering the affected soi
zone. We assumed that there is no background contamination in rainwater, snowmelt or in the

soils above the chemically affected soail.

CATM is the concentration of the contaminant in the ambient air. We assumed that the
concentration of contaminants in the air is zero. There is no reason to believe that organic
compounds occur in the atmosphere near this site which are of environmental significance in this

case.

CGW describes the nature of gas diffusion across the lower boundary of the vadose zone. We
assumed that there would be no diffusion into the water table because all the pores would be
filled with water, thus the permeability of the soil to gas would be essentially zero. Previous
investigators followed a similar approach (e.g., Weeks, 1978). This assumption forces the
contaminants to be more concentrated in the liquid phase. Consequently, we believe our

treatment of the water table as a gas diffusion barrier is reasonable.

Table B-1b shows the VLEACH parameters which are specific to the individual chemicals of
interest. As indicated by the footnotes, the sources of the initial source concentration data are
from field measurements reported by LAW elsewhere in this document. And, the various
transport coefficients are obtained mostly from standard chemical references.

B.2.3 Modeling Results

The results of interest in VLEACH are the liquid phase concentration leaving the base of the
vadose zone and entering the aquifer below. Table B-2 lists the output mass from a 1 ft* area
below the source and the liquid phase concentration for each of the seven organic chemicals of
interest. Figures B-1(a-g) illustrate histograms for the mass loading rates calculated from data
in Table B-2. These figures show that the peak loading will occur after approximately 200 years
for 1,1,1-trichloroethane and after more than 6000 years for 1,2,4-trichlorobenzene. The large
rectangle (dashed fine) in each of the histograms in Figures B-1(a-g) represents the manner in
which we accounted for the VLEACH output in the ground-water transport model.

B-5
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B.3  Saturated Zone Transport Model

B.3.1 Mode! Selection

We considered three different analytical models for predicting ground water concentrations. The
first is that by Wilson and Miller (1978). This solution is not completely accurate near the source,
so it was discarded. The second is a public domain software package called SOLUTE which was
recommended to us by Mr. Dan Ashenberg, a consultant to the EPA. This is based on the
Wilson and Miller solution. In our opinion, this code appears to contain programming errors which
lead to mass balance problems. The third alternative, the one we finally selected, was an in-
house program called PS2D which is based upon the same mathematical equation soived by
Wilson and Miller (1978). Our version differs from the Wilson and Miller solution in the manner
in which an integral expression is evaluated. Wilson and Miller evaluated the integral by a
truncated infinite series, whereas in PS2D we evaluated the integral more exactly by using a
numerical integration scheme. (The PS2D program is included as Attachment B2. It is
considered proprietary and is not for public distribution or use without DBS&A consent.)

PS2D is a two-dimensional transport model for a point source of contamination. The model
allows for one-dimensional horizontal flow in the aquifer and for hydrodynamic dispersion in the

longitudinal and transverse directions.

The analytical solution for the transport probiem due to pc;int injection is actually borrowed from
the field of heat conduction, e.g., Carslaw and Jaeger (1959). The difference is that there are
retardation and decay effects, and the solution (water with chemicals) only occupies part of the
space such that the source strength is magnified by a factor of 1/n (n is the porosity, which is less
than 1.0). For a horizontal aquifer with uniform thickness, H, this source strength should be
divided by H because we assume a complete instant mixing in the vertical direction. With these
considerations, the analytical solution for the concentration that resuits from a point injection to

the aquifer with steady uniform flow field is:
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C(x,y.t) = q

f{ e—(x-x‘-Vl)-’ld Dt - (y-y,) /40,1 - it

dat
0 t
4rnyD, D,
(Wiison & Miller, 1978)
) where:
C - the concentration at (x, y) and at time t;
q - point source strength per unit thickness of aquifer;
g-= —I-_Ir_n_ with m representing the mass release rate; H, the thickness of the
°n

aquifer; and n, the porosity;

Do D, - the “retarded” dispersion coefficient;

D = (0¥ + Dy)/R o

dispersivity

v - pore velocity (in x direction)
D, - molecular dispersion coefficient in water
R - retardation factor;
t - time since injection begins (after the contaminants reach the aquifer);
X,y - coordinates of the point of interest;
X,, ¥, - coordinates of the point source;
v - mean pore velocity, equal to the real pore velocity divided by the retardation factor
R; and
A - decay constant.

We compare PS2D with the Wilson and Miller solution in Figures B-2(a-c). For comparative
testing purposes, we assume a continuous point source of xylene. Figures B-2(a-c) indicate that
the PS2D concentration result is slightly less than the Wilson and Miller prediction near the
source, but the agreement between the solutions is excellent at greater distances.
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The PS2D model actually allows us to model concentrations input over an area, rather than just
at a point. We do this by superimposing many point sources within the area of interest. In the
GE case, we assume the leachate from the vadose zone is confined to the area immediately
beneath the 400 ft* area of impacted soil. We divided the total mass loading rate from VLEACH
among 25 cells, each having an area of 16 ft* and each carrying 1/25 of the total mass loading
rate. We apply the PS2D solution for each cell and sum the concentrations in space at points
downstream from the source area. This is possible because of the linear nature of the solution
shown above.

B.3.2 Model Input

The input data requirements for PS2D are given in Table B-3. Key data requirements include

hydraulic conductivity, hydrauifc gradient, effective porosity, and dispersivity, as discussed below.

The hydraulic conductivity of the aquifer is obtained from summaries of aquifer tests in the
Albuquerque basin east of the Rio Grande (Logan, 1990). A mean value for hydraulic
conductivity of 21 feet per day is considered reasonably typical of a fine to medium sandy aquifer.
The hydraulic gradient, 0.005, was derived from water level elevations measured in on-site
monitor wells, as reported by LAW elsewhere in this document. Based uponvour experience and
standard textbook literature, we assumed that the effective porosity was 0.25. We followed a
similar line of reasoning to select longitudinal and transverse dispersivity. The dispersivity values
we selected in Table B-3 are in the low range, inasmuch as larger values would tend to decrease
the predicted concentrations. To be conservative, that is, to obtain predicted concentrations
which would probably exceed the measured concentrations, we neglected any retardation or
chemical decay in the aquifer.

The final input to the model is the mixing depth. The mixing depth is the depth of the aquiter in
which the leachate from the vadose zone will mix with the ambient ground water. We selected
18 feet as the mixing depth, that is, the aquifer in the ground-water transport model is assumed
to be only 18 feet thick. Actually, the aquifer is more than 650 feet thick and off-site domestic
well depths range from 18 feet to more than 71 feet. In on-site monitor wells, the average length
of well screen below the water table is about 18 feet. Our mixing depth was selected to be

B-8
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consistent with monitor well sampling intervals and to be representative of a conservative
prediction.

The source strength of chemical input to the aquifer from the vadose zone is derived from the
VLEACH simuiations. As shown in Figures B-1(a-g), the VLEACH model predicts a slow increase
in mass loading rate over time until a peak occurs (solid line), followed by a gradual decline. To
simplify the application of the analytical solution, we approximate this curve by a pulse input. The
loading to the aquifer model is shown by the rectangle (dashed line) in Figures B-1(a-g). The
same peak loading rate and total mass are input to the aquifer as predicted by VLEACH. The
coordinate system and flow domain for the model are shown in Figure B-3.

B.3.3 Modeling Resuits

Contaminant concentrations are predicted at the property boundary 250 feet immediately
downgradient from the source (Figures B-4(a-g)). The peak concentrations at the property
boundary for each chemical of interest are shown in Table B-4. Also shown in this table are the
ground-water standards set for these constituents by the US EPA and the New Mexico Water
Quality Control Commission. Based upon the model resulits, none of the constituents will exceed
the drinking water standards for ground water at the property boundary. The property boundary

is the point of regulatory compliance, based upon our discussions with Mr. Vincent Malott.

The spatial distribution of the seven constituents are shown in Figures B-5(a-g). The constituent
which has the largest concentration appears to be the xylenes. Relative to xylenes, the spatial
plume distribution of other chemicals of interest exhibits much lower concentrations throughout
the area.

B.4 Conclusion
On the basis of our analyses, we conclude that leaching of chemicals from the vadose zone will

not cause concentrations in ground water to exceed drinking water standards at the point of
regulatory compliance.
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Table B-1. Input Data for the Program VLEACH

(a) Common Parameters Used for All Seven Chemicals
PARAMETER NAMES & MEANINGS VALUE [ SOURCE
AREA, area of polygon 400 | Field data
DELZ, vertical cell spacing 2ft Modeling
Q, ground water recharge rate 0.075 ftyr | LAW and 10% P
THETA, volumetric water content 0.15 Average calculated from field data
RHOB, dry bulk density 1.74 g/cc | Calculated from porosity data
) POR, total porosity 0.4 Lab measurements
FOC, organic carbon content 0.001 Estimate from D. Stephens’' experience
. NCELL, number of cells 133 Depth to water, 266 ft
| CINF, concentration in recharge 0 Professional judgement
CATM, atmospheric concentration 0 Professional judgement
CGW, water table boundary condition -1 Professional judgement
(b) Difterent Parameters Used for Different Chemicals
XCON AT
CHEMICALS SOURCE Koo Crrax D. K,
Xylenes 1,400,000 240.0 198.0 0.61 0.22
Ethylbenzene 160,000 396.0 152.0 0.61. 0.37
1,2,4- 18,000 1,080.0 19.0 0.57 0.043
Tetrachiorobenzene
PCE 1,100 283.0 150.0 0.64 0.35
(Tetrachloroethene)
Methylene 1,100 8.8 20,000.0 0.90 0.104
Chloride
1,1,1- 1,900 95.7 4,400.0 0.69 0.77
Tetrachloroethane
Toluene 6,700 115.0 515.0 0.68 0.28

XCON initial concentration in each cell (ppb)

Koc organic carbon distribution coefficient (mlg)
K, Henry’'s constant (dimensionless)

C...  aqueous solubility (mg/l or ppm)

D,  free air diffusion coefficient (m?/day)

NOTE: (1) XCON, K, and C_, for xylenes are from LAW.
(2) The values of C,,,, and K, for methylene chloride are from Montgomery and Welkom, 1990,
Groundwater Chemicals Desk Reference.
3) The value of D,, for methylene chloride is estimated by the values for other chemicals.
{(4) The values of C,,,, D,. and K, for the rest of the chemicals are from Environmental
Systems & Technologies, Inc., 1990, MOFAT User's Manual.
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Table B-2(a). Mass and Concentration to Ground Water: Xylenes

TIME MASS* c
(vears) (9 (g/ft)
100.00 0.16237 0.0604
200.00 0.87028 0.1952
300.00 2.1377 0.3993
400.00 3.8526 0.6482
500.00 5.7881 0.9078
600.00 7.6811 1.1444
700.00 9.3034 1.3328
800.00 10.505 1.4596
900.00 11.228 1.5225
1000.00 11.488 1.5281
1100.00 11.355 1.4878
1200.00 10.922 1.4145
1300.00 10.288 1.3203
1400.00 9.5348 1.2155
1500.00 8.7310 1.1074
1600.00 7.9240 1.0014
1700.00 7.1451 0.9006
1800.00 6.4129 0.8069
1900.00 5.7368 0.7208
2000.00 5.1200 0.6427
2100.00 4.5620 0.5723
2200.00 4.0601 0.5091
2300.00 3.6104 0.4526
2400.00 3.2087 0.4021
2500.00 2.8506 0.3572
2600.00 2.5317 0.3172
2700.00 2.2480 0.2816
2800.00 1.9958 0.2500
2900.00 1.7718 0.2220

The mass loading to ground water per unit area (1 ft°) in the last 100 years.
** The concentration at the base of the vadose zone.
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Table B-2(a). Mass and Concentration to Ground Water: Xylenes
(continued)

TIME MASS* c
(years) (9) (g/ft’)
3000.00 1.5727 0.1970
3100.00 1.3960 0.1749
3200.00 1.2391 0.1552
3300.00 1.0998 0.1378
3400.00 0.97612 0.1223
3500.00 0.86635 0.1085
3600.00 0.76892 0.0963
3700.00 0.68244 0.0885
3800.00 0.60569 0.0759
3900.00 0.53756 0.0673
4000.00 0.47710 0.0598

*  The mass loading to ground water per unit area (1 f£%) in the last 100 years.
** The concentration at the base of the vadose zone.
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Table B-2(b). Mass and Concentration to Ground Water: Ethylbenzene

TIME MASS* c
(years) (9) (g/ft)
100.00 0.01348 0.0049
200.00 0.06771 0.0147
300.00 0.15450 0.0279
400.00 0.25981 0.0424
500.00 0.36743 0.0562
600.00 0.46379 0.0677
700.00 0.54027 0.0762
800.00 0.59327 0.0816
900.00 0.62310 0.0841
1000.00 0.63260 0.0841
1100.00 0.62576 0.0823
1200.00 0.60680 0.0791
1300.00 0.57953 0.0750
1400.00 0.54715 0.0705
1500.00 0.51210 0.0657
1600.00 0.47617 0.0610
1700.00 0.44062 ) 0.0563
1800.00 0.40626 0.0518
1900.00 0.37359 0.0476
2000.00 0.34287 0.0437
2100.00 0.31423 0.0400
2200.00 0.28768 0.0366
2300.00 0.26318 0.0335
2400.00 0.24063 0.0306
2500.00 0.21992 0.0279
2600.00 0.20093 0.0255
2700.00 0.18355 0.0233
2800.00 0.16764 0.0213
2900.00 0.15309 0.0194

The mass loading to ground water per unit area (1 ff%) in the last 100 years.
The concentration at the base of the vadose zone.

wd
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Table B-2(b). Mass and Concentration to Ground Water: Ethylbenzene

(continued)

TIME MASS* Cc
(years) Q) (g/ff)
3000.00 0.13980 0.0178
3100.00 0.12765 0.0162
3200.00 0.11655 0.0148
3300.00 0.10641 0.0135
3400.00 0.09716 0.0123
3500.00 0.08870 0.0113
3600.00 0.08099 0.0103
3700.00 0.07394 0.0094
3800.00 0.06750 0.0086
3900.00 ' 0.06163 0.0078
4000.00 0.05626 0.0071

*

The mass loading to ground water per unit area (1 %) in the last 100 years.
The concentration at the base of the vadose zone.

*k
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Table B-2(c). Mass and Concentration to Ground Water: 1,2 4-Tetrachiorobenzene

TIME MASS* C-
, (vears) (9) (9/fe)
1000.00 0.00568 0.0002
2000.00 0.04505 0.0011
3000.00 0.17333 0.0037
4000.00 0.46770 0.0089
5000.00 0.96473 0.0163
6000.00 1.46030 0.0210
7000.00 1.51900 0.0185
» 8000.00 1.14530 0.0125
' 9000.00 0.72054 0.0075
10000.00 0.42579 0.0044
11000.00 0.24852 0.0025
12000.00 0.14487 0.0015
13000.00 0.08446 0.0009
14000.00 0.04926 0.0005
15000.00 0.02873 0.0003

The mass loading to ground water per unit area (1 ff?) in the last 1000 years.
The concentration at the base of the vadose zone.
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Table B-2(d). Mass and Concentration to Ground Water: Tetrachloroethene

TIME MASS"* c
(years) (9) (mg/tt)
100.00 0.16932E-03 0.0627
200.00 0.86891E£-03 0.1880
300.00 0.19472E-02 0.3458
400.00 0.31421E-02 0.4998
. 500.00 0.42082E-02 0.6237
600.00 0.49946E-02 0.7051
700.00 0.54538E-02 0.7438
800.00 0.56125E-02 0.7466
900.00 0.55347E-02 0.7232
1000.00 0.52931E-02 0.6828
1100.00 0.49523E-02 0.6330
1200.00 0.45621E-02 0.5794
1300.00 0.41574E-02 0.5257
1400.00 0.37602E-02 0.4740
1500.00 0.33836E-02 0.4257
1600.00 0.30341E-02 0.3812
1700.00 0.27143E-02 0.3407
1800.00 0.24244E-02 0.3041
1900.00 0.21631E-02 0.2712
2000.00 0.19286E-02 - 0.2417
2100.00 0.17188E-02 0.2154
2200.00 0.15312E-02 0.1919
2300.00 0.13639E-02 0.1709
2400.00 0.12146E-02 0.1522
2500.00 0.10816E-02 0.1355
2600.00 0.96312E-03 0.1207
2700.00 0.85756E-03 0.1074
2800.00 0.76355E-03 0.0957
2900.00 0.67984E-03 0.0852

-

The mass loading to ground water per unit area (1 ft?) in the last 100 years.
The concentration at the base of the vadose zone.

-
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Table B-2(e). Mass and Concentration to Ground Water: Methylene Chioride

TIME MASS* c
(years) (9) (mg/ft’)
100.00 0.18684E-02 0.7555
200.00 0.11495E-01 2.6049
300.00 0.27167E-01 4.7063
400.00 0.40000E-01 5.7455
500.00 0.42345E-01 5.2472
600.00 0.34674E-01 3.8530
700.00 0.24261E-01 2.6040
800.00 0.16240E-01 1.7303
900.00 0.10764E-01 1.1445
1000.00 0.71149E-02 0.7561
1100.00 0.46996E-02 0.4994
1200.00 0.31037E-02 0.3298
1300.00 0.20496E-02 0.2178
1400.00 0.13535E-02 0.1438
1500.00 0.89377E-03 0.0950
1600.00 0.59021E-03 0.0627
1700.00 0.38975E-03 0.0414
1800.00 0.25738E-03 0.0273
1900.00 0.16996E-03 0.0181
2000.00 0.11224E-03 0.0119

*

The mass loading to ground water per unit area (1 ft) in the last 100 years.
** The concentration at the base of the vadose zone.
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Table B-2(f). Mass and Concentration to Ground Water: 1,1,1-Tetrachloroethane

TIME MASS* c-
(years) (9) (Mg/ft’)
100.00 0.20868E-02 0.7413 ]
200.00 0.78708&-02 1.2884
300.00 0.97826E-02 1.2547
400.00 0.86718E-02 1.0268
500.00 0.68981E£-02 0.7968
600.00 0.53075E-02 0.6085
700.00 0.40437E-02 0.4626
800.00 0.30720€-02 0.3512
900.00 0.23319E-02 0.2666
1000.00 0.17696E-02 0.2023
1100.00 0.13429E-02 0.1535
1200.00 0.10190E-02 0.1165
1300.00 0.77323E-03 0.0884
1400.00 0.58674E-03 0.0671
1500.00 0.44522E-03 0.0509
1600.00 0.33784E-03 0.0386
1700.00 0.25636E-03 0.0293
1800.00 0.19453E-03 0.0222
1900.00 0.14761E-03 0.0169
2000.00 0.11201E-03 0.0128

*

i

The mass loading to ground water per unit area (1 %) in the last 100 years.

The concentration at the base of the vadose zone.



AN DANIEL B. STEPHENS & ASSOCIATES. INC.

ENVIRONMENTAL SCHENTISTS ANC 283

ceas

Table B-2(g). Mass and Concentration to Ground Water: Toluene

TIME MASS* c
(years) (9) (mg/tt’)
100.00 0.33250E-02 1.2859
200.00 0.18030E-01 3.8670
300.00 0.38548E-01 6.5288
400.00 0.55810E-01 8.2777
500.00 0.64848E-01 8.8566
600.00 0.65782E-01 8.5265
700.00 0.61285E-01 7.6897
800.00 0.54189E-01 6.6686
900.00 0.46460E-01 5.6541
1000.00 0.39142E-01 4.7343
1100.00 0.32661E-01 3.9375
1200.00 0.27114E-01 3.2629
1300.00 0.22447E-01 2.6988
1400.00 0.18556E-01 2.2299
1500.00 0.15328E-01 1.8415
1600.00 0.12656E-01 1.5203
1700.00 0.10448E-01 1.2550
1800.00 0.86244E-02 1.0359
1900.00 0.71184E-02 0.8550
2000.00 0.58753E-02 0.7057
2100.00 0.48491E-02 0.5824
2200.00 0.40022E-02 0.4807
2300.00 0.33031E-02 0.3967
2400.00 0.27262€-02 0.3274
2500.00 0.22500€-02 0.2702
2600.00 0.18570€E-02 0.2230
2700.00 0.15326E-02 0.1841
2800.00 0.12649E-02 0.1519
2900.00 0.10440E-02 0.1254
3000.00 0.86163E-03 0.1035

*

The mass loading to ground water per unit area (1
** The concentration at the base of the vadose zone.

ft?) in the last 100 years.
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Table B-3. Model Input Parameters for PS2D

PARAMETER VALUE REFERENCE
Hydrautic Conductivity 21 t/d Logan, 1990
Hydraulic Gradient 0.005 Figure 16, LAW Environmental (RF1)
Effective Porosity 0.25 Assumed
Longitudinal Dispersivity o =10 ft Personal experience
Transverse Dispersivity or =2 ft Personal experience
Retardation Factor R=1.0 Professional judgement
Decay Constant A=0.0 Professional judgement
Mixing Depth 18 feet Monitor and domestic well depths




DANIEL B. STEPHENS & ASSOCIATES. INC.

Table B-4. Modeling Results for Different Chemicals

ENVIRONMENTAL SCIENTISTS AND ENGINEERS

PEAK DRINKING WATER STANDARDS
CONCENTRATION (ppm)
AT
PROPERTY LINE
CONSTITUENT (ppm) EPA New Mexico
Xylenes 0.029 10.0 0.62
Ethylbenzene 0.0016 0.7 0.75
1,2,4- 0.00038 0.009 No standard
Tetrachlorobenzene
Tetrachloroethene 0.000014 0.005 0.02
Methylene Chioride 0.00011 (PMCL) 0.1
0.005

1,1,1- 0.000025 0.2 0.06
Tetrachloroethane
Toluene 0.00017 1.0 0.75
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VLEACH
A ONE-DIMENSIONAL FINITE DIFFERENCE
VADOSE ZONE LEACHING MODEL

DISCLAIMER

The program VLEACH was written by CH2M HILL for EPA for use specifically on
the Phoenix-Goodyear Airport project. Because software is inherently complex and
may not be completely free of errors, the user is advised to verify all work performed
using this program. CH2M HILL makes no warranties, express or implied, regarding
the program or documentation, their fitness for any purpose, their quality, their
merchantability, or otherwise. In no event will CH2M HILL be liable for direct,
indirect, special, incidental, or consequential damages arising out of the use or inability
to use the program or documentation. Its applicability to other sites and conditions has
not been evaluated. )
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PROGRAM PS2D

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

1) THE PRCGRAM !S BASED ON THE ANALYTICAL SCLUTION OF TRANSPORT
CAUSED B8Y A POINT INJECTION IN STEADY UNIFORM 1-D FLOW FIELD.

2) THE MASS (NJECTION RATE IN THIS APPLICATICN CAN BE ZiTHER A
CONSTANT OR A STEP FUNCTION.

3) THE NUMBER OF POINT SOURCES CAN BE AS MANY AS NECESSARY.

4) THIS VERSION iS FOR TRANSPORT IN AQUIFER WITH 2-D DISPERSION.

5) THE X AXIS {S SET ALONG THE FLOW DIRECTION

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

INTRODUCTION TO INPUT PARAMETERS:

DX - DISPERSION COEFFICIENT (X) DIVIDED BY RETARDATION FACTOR
DY - DISPERSION COEFFICIENT (Y) DIVIDED BY RETARDATION FACTOR
DLAMDA - DECAY CONSTANT
VX - PORE VELOCITY DIVIDED BY RETARDATION FACTOR
FACTOR - AFACTOR FOR CONVERTING THE CONCENTRATION TO THE UNIT
YQU LIKE. IF YOU DON'T WANT TO DO T, PLEASE REMEMBER
TO INPUT 1.0 HERE!
DELTAT - TIME LAG FOR CONTAMINANTS TO REACH THE AQUIFER,
YOU DON'T HAVE TO SPECIFY ITIF IT IS ZERO
I - NUMBER OF COLUMNS IN X DIRECTION, MAXIMUM = 60
J - NUMBER OF ROWS IN Y DIRECTION, MAXIMUM = 20
K - NUMBER OF TIME INSTANTS WHEN CONCENTRATION IS CALCULATED,
MAXIMUM = 20. PLEASE ALWAYS INPUT THEM IN AN INCREASE ORDER!
IPRINT - SET 1 FOR OBTAINING PLUME DATA; OTHERWISE, YOU GET AN
QUTPUT WITH CONCENTRATION BUILD-UP INFORMATION AT ALL
POINTS OF CALCULATION.
XC - SPECIFIED X COORDINATES
YC - SPECIFIED Y COORDINATES
T - SPECIFIED TIME VALUES
NP - NUMBER OF POINT SOURCES, UNLIMITED
XP - X COORDINATE OF THE POINT SOURCE
YP - Y COORDINATE OF THE POINT SOURCE
NOTE: YOU MUST TRY TO AVOID THE CASE WHERE THE POINT SOURCE
IS EXACTLY ONE OF THE CALCULATION POINTS. THIS CAN BE
EASILY DONE BY GIVING A VERY SMALL DIFFERENCE IN ONE
OF THE COQRDINATES (X OR Y).
Q1 - MASS RATE CONSTANT ( 0<T<TC)
Q2 - MASS RATE CONSTANT ( T>TC )
TC - TIME INSTANT WHEN THE MASS RATE CHANGES FROM Q1 TO Q2
EPS - MAXIMUM ERROR ALLOWED IN NUMERICAL INTEGRATION, (e.g. 0.00001)

open{unit=8.tile='ps2d.dat’ status="cld’)
open(unit=9,file="ps2d.cut’ status="new’)

PROPRIETARY INFORMATION

CALL MAIN

This program is not for public
STOP distribution or use without
END consent from:

Danlel B. Stephens & Associates, Inc.
SUBROUTINE MAIN Albuquerque, New Mexico

IMPLICIT DOUBLE PRECISION(A-H,0-2)

REAL'8 A, B, EPS, SUM, Q1, Q2, TC, PI, FACTOR, DELTAT
INTEGER |, J, K, NP, I, IPRINT

DIMENSION T(20), C(60,20,20), SC(60,20,20)
COMMON/DAT/L,M,N,DX,DY ,DLAMDA VX, XC(60),YC(20),XP,YP
EXTERNAL F

Pl =3.1415926535
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READ INPUT INFORMATION

READ (8.10) DX.DY DLAMDA VX FACTOR.DELTAT

10 SCRAMAT (6E10.4)

O O O O O

C

READ (8.20) {,.J.KIPRINT

20 FORMAT (415)

READ (8.30) (XC(L),L=1.1)
READ (8,30) (YC(M)M=1.J)

READ (8.30) (T(N),N=1K)

30 FCRMAT (5E10.4)

READ (8.5) NP

5 FORMAT (I5)
DOS0 =1, NP
READ (8,15) XP, YP

15 FORMAT (2E10.4)

READ (8,25) Q1,Q2,TC,EPS

25 FORMAT (4E10.4)

DO40L =1, |
DO4OM=1,J
DO40N=1,K
IF (T(N)-TC) 35, 35, 45

35 {F (N.EQ.1) THEN

A = 0.001

B = T(1)

CALL GAINT (F.A.B EPS,SUM) _
C(LM,1) = Q1"SUM/DSQRT(DX"DY)/4.0/P!
SC(LM.1) = SC(LM,1) + C(LM.1)

ELSE

A = T(N-1)

B = T(N)

CALL GAINT (F,A,8,EPS,SUM)

C(L.M,N) = Q1*SUM/DSQRT(DX"DY)/4.0/P!
C(LM,N) = C(L.M,N) + C(L,M,N-1)
SC(L.M,N) = SC(L,M.N) + C(L,M,N)

ENDIF

GOTO 40

45 |F (N.EQ.1) THEN

A = 0.001

B =T(1)

CALL GAINT (F,A,B.EPS,SUM)

CLM1) = Q1"SUM/DSQRT(DX"DYY/4.0/P1
BaT(1)-

CALL GAINT (F A B,EPS,SUM)

C(L.M,1) =C(LM,1}-
A (01-Q2)'SUM/DSQRT(DX'DY)/4.0/P|
SC(LM,1) = SC(LM,1) + C(LM.,1)

ELSE

A = T(N-1)

B = T(N)

CALL GAINT (F,A,B,EPS,SUM)

C(LM,N) = Q1 *SUM/DSQRT(DX*DY)/4.0/PI
{F (T(N-1).GT.TC) THEN

A=T(N-1)-TC
ELSE

A =0.001
ENDIF

B =T(N)-TC

CALL GAINT (F.A B EPS,SUM)

PROPRIETARY INFORMATION

This program is not for public
distribution or use without
consent from:

Daniel B. Stephens & Associates, Inc.
Albuquerque, New Mexico
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C{L.M.N) = C{L.M.N) -
A (Q1-Q2)"SUM/DSQRT(DX"DY)/4.0/P!
C{L.M.N) = C{L.M.N) + C{L.M,N-1)
SC(L.M.N) = SC(LM.N) + C{LM.N)
ENDIF
40 CONTINUE
50 CONTINUE
C
IF (IPRINT.EQ.1) THEN
DO70N=1K
WRITE (9,55) T(N)+DELTAT
55 FORMAT ('Plume Data at Time =',F10.1)
WRITE (9.60)
60 FORMAT (* X Y CH
pDO70L=1.1
DO70M =1,
WRITE (9,65) XC(L),YC(M),SC(L.M.N)*"FACTOR
65 FORMAT (2F10.1,F10.6)
70 CONTINUE
C
ELSE
DOg0L=11I
DOSOM=1,J
WRITE (9,75) XC(L),YC(M)
75 FORMAT ('X, Y =",2F10.1)
WRITE (9.80)
80 FORMAT (0t CY
DO9ON=1K
WRITE (9.85) T(N)+DELTAT, SC(L.M,N)"FACTOR
85 FORMAT (F10.1,F10.6) ’
90 CONTINUE
c
ENDIF

RETURN
END

eX @

SUBROUTINE GAINT (F,A,B,EPS.SUM)

IMPLICIT DOUBLE PRECISION(A-H,0-Z)
DIMENSION RA(3), X(2), HV(30), HM2(30)
DIMENSION EST2(30), PVAL(60), LRTRN(30)

COMMON/DAT/LM,N,DX,DY,DLAMDA,VX,XC(60),YC(20),XP,YP

SUM = 0.0

VM = 0.5%(B-A)
XM = 0.5"(B+A)
LVL = 0

EST = 1.0

RA(1) = 2.36926885056190-01
RA(2) = 4.78628670499370-01
RA(3) = 5.68888888888890-01
X(1) = 9.0617984593866D-01
X(2) =5.38469310105680-01

o

100 LVL = LVL + 1

HV(LVL) = VM
XM1 = XM - 0.5°VM
XM2 = XM + 0.5°VM
HM2(LVL) = XM2
EST1 = RA(3)"F(XM1)
EST2(LVL) = RA(3)"F(XM2)

DC1101=1,2

PROPRIETARY INFORMATION

This program is not for public
distribution or use without
consent from;

Daniel B. Stephens & Associates, Inc.
Albuquerque, New Mexico




DD = X(1)"VM"2.5
EST1 = EST1 = RA(I)"( F(XM1-DD) + F{XM1~DD) )

110 EST2(LVL) = EST2(LLVL) « RA()"( F(XM2-D0) + F(XM2+DD))

EST1 = ESTI"VM®0.5
EST2(LVL) = EST2(LVL)"VM 0 5
SUM = EST1 « EST2(LVL)

ABSAR = DABS(EST1) + DABS(EST2(LVL))
IF(DABS{EST-SUM) - EPS"ABSAR) 120, 120, 130

120 IF(EST - 1.0) 150, 130, 150
130 IF(LLVL - 30) 140, 150, 150
140 LRTRN(LVL) = 1

C

C

EST = EST!
XM = XM1
VM = 0.5°VM
GOTO 100

150 LVL = LVL - 1

c

IND2 = LRTRN(LVL)

IX1 = LVL

IF(IND2.EQ.2) IX1 = LVL + 30
PVAL(IX1) = SUM

GOTO (160, 170) IND2

160 LRTRN(LVL) = 2

C

EST = EST2(LVL)
XM = HM2(LVL)
VM = HV(LVL)*0.5
GOTO 100

170 SUM = PVAL(LVL) + PVAL(LVL+30)

IF(LVL-1) 180, 180, 150

180 RETURN

c
C

END

REAL'8 FUNCTION F(Y)

IMPLICIT DOUBLE PRECISION(A-H,0-2)

REAL'8 Y
COMMON/DAT/L.M,N,DX,DY ,DLAMDA, VX XC(60),YC(20),XP,YP

F=00

F = DEXP( - (XC(L)-XP-VX"Y)**2/4.0/DX/Y

A - (YC(M)-YP)™2/4.0/DY/Y - DLAMDA"Y )/ Y
RETURN

END

PROPRIETARY INFORMATION

This program is not for public
distribution or use without
consent from:

Daniel B. Stephens & Associates, Inc.
Albuquerque, New Mexico




XCON: Inidal concentration of contaminant in each of cells Ji

through J2 (mg/kg).

REPEAT Card 5 as necessary, until each cell has been described and J2 equals
NCELL.

An example input file is attached as Appendix B.

10

RDD\R65W66.51
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VLEACH PROGRAM LISTING
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PROGRAM VLEACH ,
Vadose Zone Leaching Model, Version 1.02
June 1989, Jake Turin

This version updated by Fritz Carlson/RDD in July 1989 to allow
contaminant concentrations to be input in the units of ug/Kg of soil.
Program further updated by Mike Sukop and Peter Lawson/RDD in January
1990 to allow an impermeable boundary condition to be sat for gasaous
diffusion at the soil/atmosphere interface. A ncqatxve value input for
CATM will impose this boundary upper condition.

This program models liquid advection, gas diffusion, and

three-phase equilibration in the vadose zone.

Current limitations include constant cell dimensions and

homogenecus soil properties for each polygon throughout the profile.
Advection solution is time-centered (Crank-Nicholson), space-upward.
Diffusion solution is backward-difference (fully-implicit), space-cente:
Simultaneous equations are solved in matrix form using the Thomas algor:

Maximum number of colls and printout times is controlled by dimension
statements below.

V-Laeach operates either in batch mode or interactive mode.

If file BATCH.INP exists, program uses it for input, writes
output to BATCH.PRM and BATCH.OUT. 1If it doesn’t exist, it seeks
interactive user input.

IMPLICIT REAL (M,K)

COMMON /FILES/ IINP,IPRM,ICUT,IPRF
COMMON /CHEM/ KoOC,KH, CMAX, DAIR
COMMON /SIMUL/ DELT,STIME,PTIME,PRTIME,NTIME,DELZ,NCELL

dimension on next line is max number of printout intervals
DIMENSION GTOTAL(200) ,GWIMP(200)
dimension on next line is max number of cells
DIMENSION CGAS(150) ,CLIQ(150),CS(150),
& AGAS(3,150) ,ALIQ(3,150) ,RHS(150)
CHARACTER TITLE1+80,FINAME+*12
IOGICAL BATCH

Input data:
Simulation Parametars:
TITLEl: Description of problem

NPOLY : Number of Polygons

DELT Computational time-step (years)

STIME : Total simulation duration (years) .

PTIME : Time interval for mass~balance & g.w. impact reperts

PRTIME: Time interval for vertical concentration profile reports
Chemical Parameters:

KoC 2 Organic carbon distribution coefficient (nl/g)

KH : Henry’s constant (dimensionless)

CMAX Aqueous solubility (mg/l)

DAIR : Free air diffusion coefficient (m2/4)
Polygon-specific parameters:

TITLE : Description of polygon

AREA : Area of polygon (sqg. ft.)

DELZ : Vertical spacing of cells (ft)

Q H Groundwater recharge rate (ft/yr)

RHOB :

Dry bulk density of soil (g/ml)



POR
THETA
FOC
CINT
CATM

CGW
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NCELL

Total effective porosity of scil (dimensionless)
Volumetric water content of soil (dimensiocnless)

Organic carbon content of s0il (dimensionlaess)
Concentration of sclute in infiltrating water (mg/l)

: Concentration of solute in atmosphere (mg/l)

CATM < 0., soil surface is impermeable to gas diffusion

CATM >= 0., fixed atmospheric concentration at soil surface, (mg/
: Lower b’dry condition for gas diffusion:

CGW < 0., water table is impermeable to gas diffusion
CGW >= 0., fixed concentration at water table, (mg/l)
: Number of vertical cells

« prints heading and version number

21
&

WRITE(+,21)
FORMAT (’ V-Leach, VER 1.02’/’ J. Turin, 6/89: F. Carlson, 7/89;
M. Sukop and P. lLawvson, 1/%0/)

"« test for batch mode

INQUIRE(FILE='BATCH.INP’,EXIST=BATCH)

* assign unit numbers

IINP = 21
IPRM = 22
IOUT = 23
IPRF = 24

= open files

* batch

IF (BATCH) THEN

node

WRITE (*,*) ‘Batch Mode.’
OPEN (IINP,FILlE='BATCH.INP’)
OPEN (IPRM,FILE='BATCH.PRM')
OPEN (IOUT,FILE=‘BATCH.OUT’)
OPEN (IPRF,FILE=’BATCH.FRF’')
ELSE

* interactive mode

* read

WRITE (*,*) ’‘Interactive Mode.’
WRITE(*,’(A\)’) ’ Enter input file name: ’
READ(*,’(A)’) FINAME

OPEN (IINP,FILE=FINAME,STATUS='QLD’)

WRITE(*,’(A\)’) ’ Enter parameter output file name: '
READ(*,’(A)’) FINAME
OPEN (IPRM,FILE=FINAME)

WRITE(*,’(A\)’) ’ Enter groundwater impact output file name: ’
READ(*,’(A)’) FINAME .
OPEN (IOUT,FILE=FINAME)

WRITE(*,’(A\)’) ’ Enter vertical profile output file name: '
READ(*,’(A)’) FINAME

. OPEN (IPRF,FILE=FINAME)

ENDIF
WRITE (*,*)

overall simulation input data



-

-

READ (IINP,11) TITLEL

READ (IINP,12) NPOLY °

READ (IINP,14) DELT,STIME,PTIME, PRTIME
READ (IINP,14) KOCI,KH,MAXI,DAIRI

* convert ml/g to ftl/g
KOC = KOCI/28317. 4

* convert mg/l TO g/ft3 -
CMAX = CMAXI*,028317

* convert m2/4 TO ft2/yr
DAIR = DAIRI*3929.

* write data back to IPRM
* WRITE (IPRM,21)
WRITE (IPRM,11) TITLEl
WRITE (IPRM,101) NPOLY
WRITE (IPRM,102) DELT,STIME,PTIME,PRTIME
WRITE (IPRM,103) KOCI,KOC
WRITE (IPRM,104) KH
WRITE (IPRM,105) CMAXI,CMAX
WRITE (IPRM,106) DAIRI,DAIR

101 FORMAT (I3,’ polygons.’)

102 FORMAT('Timestep = ’/,F6.2,’ years. Simulation length = /,
& F7.2,’ years.’/’Printout every ’,F6.2,’ vyears. '/
& ‘Vertical profile stored every ’,F6.2,’ years.’)

103 FORMAT(’Koc = /,G15.5,’ml/qg, ‘,Gl5.5,’cu.tt./qg’)
104 FORMAT(’Kh = /,G15.5,’ (dimensionless).’) - :
105 * FORMAT (/AqQqueous solubility =¥,G1S.S5,’ mg/1l, ’/,G15.5,’ g/cu.ft’)
106 FORMAT (’Free air diffusion coefficient = /,G10.5,
& ! sq. mn/day, ‘,Gl0.5,’ sqg.ft./yr’)
11 FORMAT (A)
12 FORMAT (161S5)
14 FORMAT (8F10.0)
16 FORMAT (2IS5,Fl10.0)

* gset up output file
WRITE (IQUT,21)
WRITE (IOUT,11l) TITLEl

NTIME=INT (STIME/PTIME)

% initialize total gw impact array
DO 100 I=1, NTIME
100 GTOTAL(I) = O.

* call MAIN for each polygon
DO 200 IPOLY=1,NPOLY

WRITE(IPRM,107) IPOLY
107 FORMAT(//’Peolygon *,1I3)
WRITE (*,*)

CALL MAINS (GWIMP,CGAS,CLIQ,CS,AGAS,ALIQ,RHS,IPOLY)
* accumulate grand totals

DO 150 IT = 1,NTIME
~1S0 GTOTAL(IT) = GTOTAL(IT) + GWIMP(IT)



290

* write

250

201

202

CONTINUE

grand total results to output file

WRITE (IOUT,201)

GCUM = 0.

DO 250 IT = 1 ,NTIME

GCUM = GCUM+GTOTAL(IT)

WRITE (IOUT,202) IT+*PTIME,GTOTAL(IT),GCUM

FORHAT(/"t.t.t'..Q't."t*'.tt'tﬁttt.....ttﬁ.ﬁ.tt..ﬁt'.iﬁt'ttl

/ 'TOTAL GROUNDWATER IMPACT'//
* Time (yT) Mass (g) Cumulative Mass (g)’)
FORMAT(F10.2,5X,2G1S5.5)

STOP
END
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SUBROUTINE MAINS (GWIMP,CGAS,CLIQ,CS,AGAS,ALIQ,RHS,IPOLY)

« this is the main subroutine which runs the simulation for each polyge

10

IMPLICIT REAL (M,X)

COMMON /FILES/ IINP,IPRM,IOUT,IPRF

COMMON /CHEM/ KOC,KH, CMAX,DAIR

COMMON /SIMUL/ DELT STIHE PTIME, PRTIME,NTIME,DELZ, NCELL
COMMON /BDRY/ CINF,CATM,CGW

COMMON /SOIL/ RHOB, POR,THETA, FOC

COMMON /PROCESS/ GASDIF,PIQADV,SORBED,GASPHS

DIMENSION CGAS(NCELL),CLIQ(NCELL),CS(NCELL),FACT(2,3),
GWIMP (NTIME) ,AGAS (3,NCELL) ,ALIQ(3,NCELL) ,RHS (NCELL)
LOGICAL LIQADV,GASDIF,SORBED,GASPES

CHARACTER*80 TITLE

DO 10 I=1,NCELL
CGAS(I)=0.
CLIQ(I)=0.
CS(I)=0.

+ read polygon-specific input data

READ (IINP 11) TITLE

READ (IINP,14) AREA,DELZ,Q,RHOBI,POR,THETA,FOC
READ (IINP,14) CINFI, CATKI CGWI

READ (IINP,12) NCELL,ICODE

* jcode determines type of initial conditions
+ read initial conditions - for time being, assume total mass

60

READ (IINP,16) J1,32,XCON

# convert input as ug/kg to q/ft**:

70

xcon=xcont*rhobirle-6#28,31605

IF (J2 .GT. NCELL) J2=NCELL - NOTE: An error
DO 70 ICELL = J1,J2 4r//,,,,//”””” was discovered i
CLIQ(ICELL)=XCON/ (THETA*DELZ) the original pgm

IF (J2 .LT. NCELL) GOTO 60 : (THETA*DELZ) sho
L ' be replaced by

(THETA).
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11
12
14
16

FORMAT
FORMAT
FORMAT
FORMAT

* convert g/ml

RHOB =

* convery ng/l

201
202
203

204

205
206

CINF =
CATM =

(A)

(1615)
(8F10.0)
(215,F10.0)

to g/cu.ft.
RHOBI*28317.
to g/cu.ft.
CINFI*.028317
CATMI*.028317

CGW = CGWI*_ 028317

* yrite data back to IPRM

WRITE(IPRM,11)TITLE
WRITE(IPRM,20))AREA

WRITE (IPRM,202)NCELL,DELZ
WRITE(IPRM, 203 )RHOBI,RHOB,POR,THETA,FOC
WRITE(IPRM,204)Q,CINFI,CINF,CATMI,CATM
IF (CGW .LT. 0.) THEN

ELSE

ENDIF

WRITE (IPRM, 20S5)

WRITE(IPRM, 206)CGWI, CGW

FORMAT (’Polygon area = /,G1S5.5,’sg. ft.’)
FORMAT( I3,’ cells, each cell ’,F6.3,’ ££. thick.’)
FORHAT('Soil Propcrtics:'/' Bulk density =’,G1S5.S,

nemn

‘g/ml,
’ Volumetric water content = ’/ ,F6.4/
¢’ Organic carbon content = ',Flo 8)

/G1l5.5,’g/cu.tt.’/’ Porosity = ’,Fé6.4,

FORMAT (‘Recharge Rate = ‘,F10.8,’ ft/yr’/

[ o3 )

‘conc.
‘Atmospheric concentration = /,G15.5,’mg/l, ‘,G15.S5,’g/cu.ft’)

in recharge water = ’,G15.5,‘mg/l, ‘,Gl15.S,’g/cu.ft’/

FORMAT (‘Water table is impermeable to gas diffusion.’)
FORMAT(’Water table has a fixed concentration of /,G1S.5,

& 'mg/l,

’',G15.5,’g/cu.tt.’/’ with respect to gas diffusion.’)

# check for active processes

GASPHS
IF (Xd

= .TRUE.
.EQ. 0.) GASPHS = .FALSE.

GASDIF = .TRUE.
IF (KH .EQ. 0. .OR. DAIR .EQ. 0.) GASDIF = .FALSE.

LIQADV = ,TRUE.
IF (Q .EQ. 0.) LIQADV = .FALSE.

SORBED = .TRUE.
IF (KOoC .EQ. 0. .OR. FOC .EQ. 0.) SORBED = .FALSE.

* initial calculations - gas diffusion
IF (GASDIF) THEN

ENDIF

D = DAIR*( (POR-THETA)*#*(10./3.))/(POR*POR)
ALPHA = (DELT*D)/(DELZ*DELZ)
CALL IGAS (ALPHA,AGAS)

*+ initial calculations - liquid advection
IF (LIQADV) THEN '

BETA = (Q+*DELT)/(2.*THETA¢DELZ)
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CALYL ILIQ(BETA,ALIQ)\

/

ENDIF

* initial calculations - equilibration

CALL IEQUIL(FACT) /

* initial equilibration

401

[ o)

301

"0 e

CALL EQUIL(CGAS,CLIQ,CS,MGTOT,MLTOT,MSTOT, MTOTAL, FACT, IFLAG)

IF (IFLAG .GT. 0) WRITE (IOUT,401) O.,IFLAG

FORMAT ('WARNING!!! At time = 7 ,Fl0.2,

’, aquecus solubility was exceeded in /,I3,’ cells.’)

WRITE (IOUT,301) IPOLY,O0.,MTOTAL,MGTOT,MLTOT,MSTOT
FORMAT (//’Polygon ’/,I3/’At time = /,F10.2,
’, total mass in vadose zone =’,Gl15.5,’g/sq.ft.’/

‘Mass in gas phase = /,Gl15.5,’qg/sq.ft.’/
‘Mass in liquid phase = ’/,G1S5.5,°‘g/sq.ft.’/
‘Mass sorbed = ’,GlS.5,’g/sq.ft.’)

MTO = MTOTAL
MTIP = MTOTAL

MLTCUM = Q.
MLBCUM = 0.
MGTCUM = 0.
MGBCUX = 0.
MLTINT = 0.
MLBINT = 0.
MGTINT = O.
MGBINT = 0.

* initialize for time steps

1001

* write

450

1000

ITIME = Q

WRITE (*,1001) IPOLY
FORMAT (’+Beginning Calculations for Polygon /,I3)

vertical concantration profiles
WRITE(IPRF,101) TITLE,O.

DO 450 I=1,NCELL

WRITE (IPRF,102) I,CGAS(I),CLIQ(I),CS(I)

ITIME = ITIME + 1
TIME = ITIME # DELT

* gas diffusion step

* b’dry
* fully

IF (GASDIF) THEN
CALL GAS (AGAS,CGAS,ALPHA,RHS)

flux calculations

implicit

MGT = (POR-THETA) *DELT*D* (CATM - CGAS(1l))/DELZ
MGB = (POR-THETA) *DELT*D*(CGW - CGAS (NCELL))/DELZ
IF (CGW .LT. 0.) MGB = 0.

IF (CATM .LT. 0.) MGT = 0.

ENDIF

¢ liquid advection step



IF (LIQADV) THEN
CBOT = CLIQ(NCELL)
CALL LIQ(ALIQ,CLIQ,BETA,RHS)
* b’dry flux calculations
MLT = DELT*Q*CINF
MIB = -DELT*Q#* (CBOT+CLIQ(NCEILL))/2.
ENDITF
* mass equilibration step ‘
CALL EQUIL(CGAS,CLIQ,CS,MGTOT,MLTOT,MSTOT, MTOTAL, FACT, IFLAG)
IF (IFLAG .GT. 0) WRITE (IOUT,401) TIME,IFLAG

+ mass balance calculations

MLTCUM = MLTCUM + MLT
MILBCUM = MLBCUM + MLB
MGTCUM = MGTCUM + MGT
MGBCUM = MGBCUM + MGB
MLTINT = MLTINT + MLT
MLBINT = MLBINT + MLB
MGTINT = MGTINT + MGT
MGBINT = MGBINT + MGB

IF (MOD(TIME,PTIME) .EQ. O0.) THEN

WRITE (*,1002) IPOLY,TIME
1002 FORMAT ('+Calculat1nq Polyqon *,13,’ at timne ‘,F10.4)

* write output data
GWIMP (INT(TIME/PTIME)) = ~AREA*(MLBINT+MGBINT)
CALL OUTPUT (TIME,MTO, MTP,MLTCUM, MILBCUM, MGTCUM , MGBCUNM,
& MLTINT,MLBINT,MGTINT, MGBINT, MGTOT,MLTOT,MSTOT, MTOTAL, IPOLY)

) - ENDIF

IF (MOD(TIME,PRTIME) .EQ. 0.) THEN
* write vertical concentration profiles

WRITE(IPRF,101) TITLE,TIME
DO S00 I=1,NCELL

500 WRITE(IPRF,102) I,CGAS(I),CLIQ(I),CS(I)
101 FORMAT (/A/’Time: ‘F10.3/ ;
& Cell Cgas(g/cu.ftt.) Cligq(g/cu.ft.) Csol’)
102 FORMAT (I5,3G1S5.5) :
ENDIF

IF (TIME .LT. STIME) GOTO 1000

WRITE (*,1003) IPOLY -
1003 FORMAT (’/+Polygon ‘/,I3,’ complete. )

WRITE (IOUT,1011) IPOLY
DO 250 IT = 1,NTIME

250 WRITE (IOUT, 1012) IT*PTIME,GWIMP(IT)/AREA, GWIHP(IT)
WRITE (IOUT, 1013)



1011 FORMAT (//’GROUNDWATER IMPACT OF PCLYGON /,I3//

& ’ Time Mass per area (g/sq.ft.) Total Mass (g)’)
1012 FORMAT(F10.2,5%X,G15.5,10X,G15.5)
1013 FORHAT(:'tg'na'ttnnatga-'nt'nt-"*ﬁ*'*tt*ttttt'tt*ttttttgg.,,)
RETURN
END
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SUBROUTINE IGAS (ALPHA,6AGAS)

* this subroutine sets up the left-hand side matrix for gas
* diffusion, and reduces it using the Thomas algorithm

DIMENSION AGAS (3,NCELL)
COMMON /SIMUL/ DELT,STIME,PTIME,PRTIME,NTIME,DELZ,NCELL
COMMON /BDRY/ CINF,CATM,CGW

DO 10 I=1,3
DO 10 J=1,NCELL
10 AGAS (I,J)=0.

Al = -ALPHA
A2 = 1.+2.%ALPHA

DO 20 I=1,NCELL

AGAS(1,I) = Al

AGAS(2,I) = A2
20 AGAS(3,I) = Al

+ impermeable lowver boundary
IF (CGW .LT. 0.) AGAS(2,NCELL) = l.+ALPHA
*+ impermeable upper boundary
IF (CATM .1LT. 0.) AGAS(2,1) = 1. +ALPHA
CALL THOMAS (AGAS,NCELL)

RETURN
END
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SUBROUTINE ILIQ(BETA,ALIQ)

*+ this subroutine sets up the left-hand side matrix for liquid
= advection, and reduces it using the Thomas algorithm -

COMMON /SIMUL/ DELT,STIME,PTIME,PRTIME,NTIME, DELZ NCELL
DIMENSION ALIQ(3, NCELL)

DO 10 I=1,3
DO 10 J=1,NCELL
10 ALIQ(I,J)=0.

Al = =-BETA
A2 = 1.+BETA

DO 20 I=1,NCELL



ALIQ(1,I) = Al
20 ALIQ(2,I) = A2

CALL THOMAS (ALIQ,NCELL)

RETURN
END

(122X 2222222222223 2222222222222 2222222222220 0TS sl R X

SUBROUTINE IEQUIL(FACT)

IMPLICIT REAL (M,K)

COMMON /SQIL/ RHOB,POR,THETA, FoC

COMMON /SIMUL/ DELT STIME, PTIME, PRTIME, NTIME,DELZ,NCELL
COMMON /CHEM/ KOC,KH, MAX,DAIR

COMMCN /PROCESS/ GASDIF,LIQADV,SORBED,GASPBS

LOGICAL GASDIF,LIQADV,SORBED,GASPHS
DIMENSION FACT(2,3)

»

initial calculations - equilibrium factors
KD = KOC+*FOC
CGW = CGW*KH
FACT(1,I) converts from concentration in phase I to mass in phase I
phases: l:gas, 2:1liquid, 3: sorbed
FACT(1,1) = (POR-THETA)*DELZ
FACT(1,2) = THETA+DELZ
FACT(1,3) = RHOB*DELZ ‘
FACT(2,I) partitions total mass to concentration in phase I
IF (GASPHS) THEN
FACT(2,1) = 1. /(DELZ*(THETA/KH + (POR-THETA) + RHOB#*KD/KH))
ELSE
FACT(2,1) = 0.
ENDIF

*> »

»

FACT(2,2) = 1./(DELZ*(THETA + (POR-THETA)‘KH + RHOB*KD))

IF (SORBED) THEN
FACT(2,3) = 1. /(DELZ*(TBETA/KD + (POR-THETA)*KH/KD + RHOB))

ELSE
FACT(2,3) = 0.
ENDIF
RETURN
END

' Y2222 22 2222222222222 22222222222 222X 2222222222222 22}

SUBROUTINE GAS (AGAS,CGAS,ALPHA,RHS)
* this subroutine sets up the right-hand side of the gas-diffusion
* calculation, calls SOLVET to do the calculation, computes b’dry fluxe
* time~forward, fully implicit

COMMON /SIMUL/ DELT,STIME, PTIME, PRTIME,NTIME,DELZ,NCELL
COMMON /BDRY/ CINF,CATM,CGW
DIMENSION AGAS (3,NCELL),CGAS (NCELL) ,RHS (NCELL)

DO 10 I=1,NCELL
10 RHS (I) = CGAS(I)
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VLEACH

A ONE-DIMENSIONAL FINITE DIFFERENCE

VADOSE ZONE LEACHING MODEL

MODEL DESCRIPTION

INTRODUCTION

VLEACH is a one-dimensional finite difference model designed to simulate the
leaching of a voladle, sorbed contaminant through the vadose zone. (Although the
term “contaminant” is used throughout this guide, VLEACH could be used to model
the transport of any non-reactve chemical that displays linear partitioning behavior). It
models four main processes: liquid-phase advection, solid-phase sorption, vapor-phase
diffusion, and three-phase equilibration. In its current version, VLEACH is subject to
a number of major assumptons:

Contaminant partitioning between phases follow linear relationships, ie.,
both Kj and K; are constants.

The three phases present (liquid, vapor, sorbed) are in a state of
equilibrium in each cell

The moisture content profile within the vadose zone is constant, i.e., the
vadose zone is in a steady state with respect to water.

Liquid-phase dispersion is neglected.

No "free product” is prcscht.

The contaminant is not subject to in situ producﬁon or degradation.
The vadose zone soil within a particular model polygon is completely
homogeneous, and behaves as a unifom porous medium, with no

preferential pathways to flow.

Volatilization from the soil surface is either completely unimpeded or
completely restricted.

Some of these limitations may be relaxed in future versions of VLEACH.
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DATA REQUIREMENTS
The data requirements fall into four main categories.

Chemical Parameters

These parameters describe the behavior of the contaminant in queston. The i:ara-
meters include the organic carbon distribution coefficient (Ko), Henry’s constant (Ky,),
the aqueous solubility, and the free air diffusion coefficient.

Soil Properties

Dry bulk density, total porosity, volumetric water content, and organic carbon fraction.
Site Properties

Recharge rate, depth to water, and the area of the polygon in question.

Model Parameters

These parameters affect the way the calculations are performed, and include the time
step length, cell dimensions, and output intervals.

THEORY OF OPERATION

VLEACH is a relatively simple one-dimensional finite difference model. The code can
simulate leaching in a number of distinct "polygons” during each run. The polygons
may differ in soil properties, recharge rate, depth to water, or initial conditions. Each
polygon is treated separately, and at the end of the run, an overall area-weighted
groundwater impact is presented.

Each polygon is represented by a vertical stack of cells, reaching from the land surface
to the water table. The mass of contaminant within each cell is partitioned among
three phases: liquid (dissolved in water), vapor, and sorbed to solid surfaces. For
simulation purposes, time is divided into user-specified discrete time steps. During
each time step, three separate processes take place. Contaminant in the liquid phase is
subject to downward advection; contaminant in the vapor phase is subject to gas
diffusion; and finally each cell is re-equilibrated according to the distribution
coefficients. Each process will be described in greater detail. All symbols used in the
following equations are defined in Table 1.

RDD\R6GS\D66.51



Table 1
Equadon Variable Definitions

M+ = Total mass of contamination in a mode! cell [M]

AZ = Thickness of cells in VLEACH calcutation [L]

n = Total porosiry of soil [dimeasionless]

8 = Water-filled porosity of soil {dimensioniess)

Py - Bulk deasity of soil [M/L3]

Kn - Distribution coefficient for soil-water pantitioning [L3/M]
Ky = Heary's constant for air-water partitioning {dimeansioniess]
of = Contaminant concentration in sorbed phase [M/M]

G = Conuaminant concentration in the liquid phase [M/L3)

C, = Contaminant concentration in the gas phase [MJL}]

Cnwg =  Contaminant concentration in infiltrating water [M/L%)]
CucEll = Contaminant concentration in water in bottom cefl (M/L%]

Carv . =  Conuaminant concentration in atmospheric air above soil surface [M/L3]
Cew = Contaminant conceatration in,éroundwazcr (with res 10 gas phase
exchange between water table and vadose zone [M/L
foe = Fraction organic carbon in soil [dimensionless)

K. = Organic carbon pantition coefficient [L3/M]
D = Effective diffusion coefficient [L¥/T]

Dur =  Free air diffusion coefficient [L*/T]

q = Darcian flux of percolating water (L/T]

In finite difference equations:

(+at

C = Refers to conceatration of gas or liquid, depending on the equation [M/L’]
t+Al = Refers to the time step at which the concentration is calculated.

i-1 - Refers 10 the cell number in which the concentration is caiculaled.

—
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INTTIAL CALCULATIONS

The first calculations performed include unit conversions (all internal calculations are

conducted in consistent units of grams, fest, and years) and calculadons of Ky and D,
the effecuve diffusion coefficient. The equatons are as follows:

KD = Kxxfac

(n_e)lm

DaDmx S

n

LIQUID ADVECTION

Liquid advection is driven by the downward flux of recharging groundwater, according
10 the following equartion:

« .
o

<

-9
8 &

For modeling purposes, the pardal differential equaton (PDE) is approximated by the

following finite difference equation (FDE). The FDE is space-upward (in keeping with

the asymmetric nature of advection), and tme-centered (Crank-Nicholson).

C;‘A‘_C,‘ g [(C"“-C““)* (C‘—C‘)]
Ar = 28Az i i-1 t i-1

One FDE results for each cell, so NCELL similar equations must be solved simul-
taneously. VLEACH solves these equations in matrix form using the Thomas
algorithm.

The mass fluxes at the top and bottom of the vadose zone are derived from the
following equations:

Jroe = G4l = 9 Cpur

Jsorrou * €2l:eprw * 9Cnerus
GAS DIFFUSION

Gas diffusion is described by Fick’s Second Law:
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X .pEft

oz az2
This PDE is converted to a space<entered, backward-difference FDE:

Cmu - C:
o e -2 v e )
at (Az)?

Although space-centered (Crank-Nicholson) equation is intuitively more appealing, it
led to unexpected stability problems not encountered with the backward-difference
formulation.

The mass fluxes at the top and bottom of the vadose zone are derived from the
following equations:

aC C,~-C)
Jrop = (1-8) D El” = (n-8) D -—"i’-z——‘-

aC (C -C
Jsorrou = (#-8) D E‘z-mw = (""e.) D Kx‘ﬁ-&—"')'

EQUILIBRATION

Equilibration among the three phases within each cell is performed by first converting
the three phase concentrations to mass, summing to determine total mass, partitioning
this mass among three phases, and finally converting back to concentrations. The
equations are as follows:

My = Az (8C, + C, (n-8) + p, C)

C, = ¥
©oaf 2 (n-8) K»
Z2l— « - - —
Ky & Ry
M
C = T

Az (@ + Kg (n-8) ~ p, K)
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b 4 e KH
A — -6 —_—]
: [Kn "9 [Ko) ° b)

NOTE: 1= liquid phase; g = gas phase; and s = sorbed phase.

OUTPUT

The output consists of mass balance calculations and groundwater impact estimates.
The mass balance calculations compare the change in mass within the profile to the

calculated boundary fluxes, while the groundwater impact calculations are based on the
downward flux at the water table, due to diffusion and advection.

USER'’S GUIDE

INTRODUCTION

VLEACH is written in MS-Fortran and compiled under FORTRAN Version 4.0. A

program listing is attached as Appendix A. The program reads one input file, and
writes up to three different output files.

Input File ( Ainp)

The user must prepare this file prior to the run, in accordance with the attached direc-
tions.

OUTPLUT FILES
Parameter File ( .prm)

This file "reads back" the input data in an easy-to-read, annotated form. This file will
be primarily used for troubleshooting problems with the input file.

Profile File ( .prl)
This file contains complete vertical concentration profiles for the vadose zone for ail

three phases. These profiles are printed out at user-selected intervals throughout the
run. .
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Main Output File ( .out)

This is the primary output file and contains mass balance data and groundwater impact
data. These data are also printed out at user-selected intervals throughout the run.

SPECIAL NOTES AND CAUTIONS

. K., Henry’s constant, must be in dimensionless form, for example:
(M/Lip]
(MILyure]
. Groundwater impacts are not annual rates—~they are cumulative over the

printout interval or the entire run. If you are using a 10-year printout
interval, the impact indicates how many grams of contaminant have
entered the groundwater during those 10 years.

INTERACTIVE AND BATCH OPERATING MODES

Like its predecessor LEACHCAL, VLEACH can solicit file name information in either
an interactive or batch mode. If a file name "BATCH.INP" exists in the current direc-
tory, VLEACH will enter batch mode processing, using BATCH.INP as the input file,
and creating BATCH.PRM, BATCH.PRF, and BATCH.OUT for output. This feature
allows the user to create a simple batch file that will call on VLEACH to perform a
series of runs unattended. The batch file would take a series of input files, and one by
one, rename the input file to BATCH.INP, call VLEACH, and then rename the output
files before starting with another input file.

An example batch file is attached. If this file were named RUNBAT, and a series of
VLEACH input files were named AREAA.INP, AREAB.INP, and AREAC.INP, they
could be executed in sequence by typing "RUN AREAA AREAB AREAC”

If VLEACH does not find a file named "BATCH.INP," it enters an interactive mode,
and asks the user for filenames for the input file and each output file.

Example Batch File:

ECHO OFF

IF NOT EXIST BATCH.»GOTO START
DEL BATCH.»

START

IF NOT EXISTZ%1.INP GOTO END
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ECHO processing File %1

REN %1.INP BATCH.INP
VLEACH

[F NOT EXIST %1.0UT GOTO A
DEL %1.0UT

A

[F NOT EXIST %1.PRM GOTO B
DEL %1.PRM

B

IF NOT EXIST %1.PRF GOTO C
DEL %1.PRF

:C

REN BATCH.+ %1.«

SHIFT

GOTO START

:END

VLEACH INPUT FILE FORMAT

The input file for VLEACH consists of two groups of data: simulation data, presented
once per run; and polygon-specific data, presented once for each polygon.

SIMULATION DATA (this set appears only once, at the top of the file)

Card 1: TITLE (A80)
80 characters of project identification information that will be stamped on
each output file. VLEACH does not use this information.

Card 2: NPOLY (I5)

NPOLY: Number of polygons to be considered in this run.

Card 3: DELT,STIME,PTIME,PRTIME (4F10.5)
DELT: Computational timestep (years)
STIME: Total length of simulation (years)
PTIME: Interval at which groundwater impact and mass balance
results are printed to .OUT file (years)
PRTIME: Interval at which vertical concentration profile resuits are
printed to .PRF file (years)

Card 4: KOCKH,CMAX,DAIR (4F10.5)

KOC: Organic carbon distribuiton coefficient (ml/g) .
KH: Henry’s constant (dimensionless)
8
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CMAX: -

DAIR:

Aqueous solubility (mg/)
Free air diffusion coefficient (m?*/day)

POLYGON DATA (this set is repeated NPOLY times)

Card 1:

Card 2:

Card 3:

Card 4:

Card S:

RDD\R&5066.51

TITLE (AS0)

80 characters of polygon identification information that will be sta.mpcd
on each output file. VLEACH does not use this information.

AREA,DEI Z QRHOB,POR,THETAFOC (7F10.5)

AREA:
DELZ:
Q:
RHOB:
POR:
THETA:
FOC:

Area of polygon (sq. ft.)

Vertical cell spacing (ft)

Groundwater recharge rate (ft/yr)

Dry bulk density of soil (g/cc)

Total effective porosity (dimensionless)

Volumetric water content (dimensionless)

Soil organic carbon content (dimensionless - NOT percent)

CINF,CATM,CGW (3F10.5)

CINF: Concentration of contaminant in recharge water (mg/)

CATM: Determines upper boundary condition for gas diffusion. If
CATM is negative, the soil surface is impermeable to gas
diffusion. If CATM is non-negative it indicates the fixed
concentration of contaminant in the atmosphere above the
soil surface (mg/).

CGW: Determines lower boundary condition for gas diffusion. If
CGW is negative, the water table is impermeable to gas
diffusion. If CGW is non-negative, it indicates the (fixed)
concentration of contaminant in groundwater (mg/1) below
the water table, affecting gas diffusion only.

NCELL (15)

NCELL: Number of vertical cells in simulation. Note that
NCELL+DEILZ should equal the depth to water.

J1,J2,XCON (2I5,F10.5)

J1: Top cell described by couplet

J2: . Bottom cell described by couplet



* fixed lower b’‘dry

IFT (CGW .GE. 0.) RHS(NCELL) = CGAS(NCELL)<+ALPHA*CGW
* fixed upper b’dry

IF (CATM .GE. 0.) RHS(1l) = CGAS(1l)+ALPHA*CATM

CALL SOLVET(AGAS,CGAS,RHS,NCELL)

RETURN
END

'22222Z2222223 3222222222 2222222 222222222222 22222222 22222 R S 2

SUBROUTINE LIQ(ALIQ,CLIQ,BETA, RHS)
* this subroutine sets up the right-hand side of the liquid advection
* calculation, calls SOLVET to do the calculation, computes b‘dry fluxes

DIMENSION ALIQ(3,NCELL),CLIQ(NCELL),RHS(NCELL)
COMMON /SIMUL/ DELT,STIME, PTIME,PRTIME,NTIME,DELZ,NCELL
COMMON /BDRY/ CINF,CATM,CGW

'RHS (1) = CLIQ(1)=-BETA#(CLIQ(1)-2.*CINF)

DO 10 I=2,NCELL .
10 RHS(I) = CLIQ(I)-BETA*(CLIQ(I)-CLIQ(I-1l))

CALL SOLVET(ALIQ,CLIQ,RHS,NCELL)

RETURN
END

'*2222222x222223 21 X2 2222222222222 2212232222222 2222222222222 22 2

SUBROUTINE EQUIL(CGAS,CLIQ,CS,MGTOT,MLTOT,MSTOT,
& MTOTAL, FACT, ITLAG)

*+ this subroutine re—-equilibrates all three phases

IMPLICIT REAL (K,M)

DIMENSION CGAS (NCELL) ,CLIQ(NCELL),CS(NCELL),FACT(2,3)
COMMON /SIMUL/ DELT,STIME, PTIME, PRTIME,NTIME,DELZ,NCELL
COMMON /CHEM/ KOC, KH, CMAX,DAIR

MGTOT = 0.
MLTOT = 0.
MSTOT = 0.
MTOTAL = 0.
IFLAG = O

DO 500 N=1,NCELL .

MT = CGAS(N)*FACT(1,1) + CLIQ(N)*FACT(1,2) + CS(N)*FACT(1,3)
MTOTAL = MTOTAL + MT

CGAS(N) = MT * FACT(2,1)

CLIQ(N) = MT * FACT(2,2)
CS(N) = MT * FACT(2,3)



500

MG = CGAS(N)*FACT(1,1)
ML = CLIQ(N)*FACT(1,2)
MS = CS(N)*FACT(1,3)
MGTOT = MGTOT + MG
MLTOT = MLTOT + ML
MSTOT = MSTOT + MS

IF (CLIQ(N) .GT. CMAX) IFLAG=IFLAG+l
CONTINUE

RETURN
END

(2222222 RRA 22 A RRRARRRRRR2 222222222 2R 222222222222 222222 R R RRRRR]

201

102
103
104

105
106
107

&

e

"N

SUBROUTINE OUTPUT(TIME,MTO,MTP,MLTCUM, MLBCUM, 6 MGTCUM, MGBCUM,
MLTINT ,MLBINT,MGTINT, MGBINT,MGTOT, MLTOT, MSTOT, MTOTAL, IPOLY)

IMPLICIT REAL (M,X)

COMMON /FILES/ IINP,IPRM,IOUT,IPRF
COMMON /SIMUL/ DELT,STIME, PTIME, PRTIME, NTIHE DELZ,NCELL

. WRITE (IOQUT,201) IPOLY,TIME,MTOTAL,MGTOT,MLTOT,MSTOT

FORMAT(//’Polygon ’,I3/’At time = /,F10.2,
¢, total mass in vadose zone =’,G15.5,’g/sq.ft.’/
‘Mass in gas phase = /,Gl15.5,’qg/sq.Lt.’/
'Mass in liquid phase = ‘/,G15.5,’g/sq.ft.’/
‘Mass sorbed ’,G15.5,'qg/sq.£t.’)

DEL1 = MTOTAL~-MTP

DEL2 = MLTINT+MLBINT+MGTINT+MGBINT

WRITE (IOUT,102) TIME-PTIME

WRITE (IOUT,103) DEL1l

WRITE (IOUT,104) MLTINT,MLBINT,MGTINT,MGBINT
WRITE (IOUT,105) DEL2

WRITE (IOUT,106) DEL1-DEL2

DEL]l = MTOTAL-MTO

DEL2 = MLTCUM+MLBCUM+MGTCUM+MGBCUM

WRITE (IOUT,107)!

WRITE (IOUT,103) DEL1 .

WRITE (IOUT,104) MLTCUM,MLBCUM,MGTCUM,MGBCUM
WRITE (IOUT,105) DEL2

WRITE (IOUT,106) DEL1-DEL2

FORMAT(/’Since last printout at time = ',rlo 2)

FORMAT (15X, ‘Change in Total Mass = /,G15.5,’ g/sq.tt.')

FORMAT (20X, ‘Advection in from atmosphere = ‘,G1S. 5,'g/;q.ft.'/
20X, ‘Advection in from water table = ',Gls 5,’q/sq.ft.’/
20X,’Diffusion in from atmosphere = ‘/,G1S.S5, 'g/sq.ft.'/
20X, 'Diffusion in from water table = ’/,G1S. 5, g/sq.ft.’)

FORMAT (15X, ‘Total inflow at boundaries = /,G15.5,’g/sq.ft.’)

FORMAT (15X, ‘Mass discrepancy = /,G15.5,’g/sq.£t.’)

FORMAT(/’Since beginning of run at time = 0.0’)

MLTINT = O.
MLBINT = 0.



MGTINT = 0.
MGBINT = 0.
MTP = MTOTAL

RETURN
END



[P

Appendix B
SAMPLE VLEACH
INPUT FILE



PGA V-leach model, TEST 1 -— TCE

2
1.0 -100. 10.
.83 -473 1100.
Area 473-18, subsection 12
1000. 1. .20
0. 0. -1-
s0 1
1 20 1.0
-21 30 0.
31 40 5.0
41 50 0.
Area 229-54, subsection B-12
750. 1. .10
C. Q. -1.
45 1
bl 20 5.0 _
21 30 - 0.
31 40 2.5
41 45 0.

50.
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1.0 BACKGROUND

This scope of work has been prepared in response to a letter dated December 10, 2001,
from the United States Environmental Protection Agency (USEPA) to General Electric
(GE), in which the USEPA requested that GE prepare a *“...description or outline of the
future activities to implement the corrective action and closure requirements of the
Consent Decree.” In order to address this requirement GE has retained URS Corporation
to amend the Corrective Measure Study Report, that was previously submitted to the
USEPA 1n April 1992 by Law Environmental, Inc. (Law), and prepare this document that

summarizes the scope of work for the selected corrective measure.

The purpose of this scope of work is to outline the methods to be used during the

implementation of the corrective measure. A more detailed design document will be

1

prepared followmg acceptance of thls by USEPA and New Mexico Env1r0nmental

Department (NMED) scope. The scope outlined in this document will be utilized in the

I

preparation of the contract documents for the site corrective action.

GE-Albuquerque 1 URS Corporation
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2.0 BACKGROUND

This section provides background information concemning the site. The information in

this section 1s based on previous reports prepared by Law.
2.1 FACILITY HISTORY AND SETTING

The Former GE Apparatus Service Shop is at 4420 McLeod Road, NE, Albuquerque,
New Mexico, on approximately two-acres within a light industrial park. The site is
approximately four miles northeast of Albuquerque and approximately four and one-half

miles east of the Rio Grande, as shown on Figure 1.

The Former GE Apparatus Service Shop was constructed in 1969 for the repair of
industrial equipment, primarily electrical motors. Transformers filled with askerals and
insulating oils containing PCBs were repaired at the shop. Until 1983, wastewater from
steam cleaning operations was disposed in two on-site dry wells. All activities at the site

ceased in 1994,

The site layout is presented on Figure 2. The former service shop building is in the
northeast quadrant of the property. An enclosure formerly used for steam cleaning parts
and storage is at the rear of the building. The south end of this enclosure is open and a
concrete slab extends approximately 20 feet beyond the enclosure. Asphaltic pavement
covers the area immediately north and northeast of the building. The remainder of the
area to the east and the area to the south is covered with gravel/soil. All equipment and
materials were removed from outdoors following the 1994 facility closure and the area
south of the building is open space. The entire facility is closed/dormant and under
oversight of a local property manager to maintain and ensure security of the closed
facility. The remainder of the site, with the exception of the northern 80 foot frontage
parking area is fenced.

GE-Albuquerque 2 URS Corporation
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2.2 SITE CHARACTERIZATION < 2. /5

Dry well 1 1s approximately 15 feet to the northwest of the southwest corner of the
building, Figure 2. The dry well 1s approximately 12 feet deep, with an inner diameter of
approximately two and one-half fect at the top. The base of the dry well is slightly wider
than the surface. The wall of the dry well is constructed of masonry blocks with the
cavities orientated horizontally. A concrete lid spanning the concrete blocks is

approximately one foot below the ground surface.

Dry well 2 is approximately three to five feet in diameter and 15 feet deep, based on
borings conducted during the supplemental soil boring investigation. The boring
completed in the dry well (B-7) encountered soil from the surface to approximately seven
feet below the ground surface, and cobbles from seven feet to the bottom of the dry well,
approximately 15 feet. It has been assumed that the cobbles are confined to the dry well

and were placed into the dry well when it was “abandoned.”

GE-Albuquerque 3 URS Corporation
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3.0 CORRECTIVE MEASURE OBJECTIVES

As presented in the Corrective Mcasure Study Report, the objective of this corrective
measure is to protect human health and the environment. In order to meet this objective
it 1s proposed that the soils at the site which have been impacted by the past disposal
practices and the dry wells be excavated and properly disposed in off-site facility.
USEPA and NMED have specified that the maximum depth of excavation will be 15 feet
below ground surface (bgs). No deeper excavation will be required because constituents
that are present at depths deeper than 15 feet bgs will pose no risk to human health or the

environment for potential residential uses of the site. Further, it has previously been

demonstrated to the satlsfactlon of the USEPA and NMED that the constltuents do not
'pose a threat for potent1al migration to impact groundwater beneath the site. The
Correctlve Measure Study Report includes an evaluation that the constituents at the site
pose no risk to affect groundwater is included in. Thus, there are no complete pathways
by which constituents that may be present at depths greater than 15 feet bgs might pose a

risk to human health and the environment.

The CMS Report prepared by URS contained an evaluation of the risk associated with the
constituents present in the soils and the dry wells at the site. Based on the Risk
Assessment contained in the CMS Report, USEPA TSCA Regulations, and negotiations
between the regulatory community and GE, the following site specific cleanup goals have

been defined for the corrective actions at the site.

= Soils that exceed a total PCB concentration of 1 mg/kg in the upper 15 feet of the site

will be excavated and properly disposed off-site.

The lateral extent of the corrective action will be verified through the collection and

analysis of soil samples from the sidewalls of the excavation. No confirmation samples

GE-Albuquerque 4 URS Corporation
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will be collected from the floor of the excavation if the excavation extends to a depth of

15 feet.

Excavation and disposal of the materials that do not meet the cleanup goals will achieve

these specific objectives:

* Prevention of human exposure through ingestion of, direct contact with, and
inhalation of contaminated soils or dust from contaminated soils
* Prevention of potential contaminant migration to the groundwater

* Prevention of contaminant migration through surface water and sediment transport

GE-Albuquerque 5 URS Corporation
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. 4.0 SOIL/DRY WELL CORRECTIVE ACTION

The anticipated tasks for corrective action implementation are described below.
4.1 SITE PREPARATION

Prior to corrective action implementation, site security and control measures will be
implemented to protect on-site workers and the public. The areas of the proposed
corrective action are all within the existing site fence that surrounds the property and
access to the area is controlled. Signs will be posted around the perimeter of the property
that will indicate a corrective action is under way and will warn potential trespassers of
the potential hazards associated with entering the site. In addition to the perimeter fence,
temporary fencing will be erected around the immediate work areas and will be marked
as the “hot zone.” Personnel that enter the “exclusion/hot zone” will use appropriate
personal protective equipment, and all equipment and personnel exiting the “hot zone”

area will follow appropriate decontamination procedures.

4.2 UTILITY CLEARANCE

Site utility clearance.will be conducted prior to the implementation of the corrective
action. Utility clearance will be conducted by each of the utility providers (electric, gas,
telephone, water) for the site or their designated representative. In addition to the utility
companies clearing the utilities at the site, a review of the available site drawings will be
conducted to identify and locate private utilities, if they exist. Direct clearance of
excavation areas will also be performed via manual hand excavation, probing, or
geophysical means to confirm that subsurface utilities are not present in the excavation

areas.
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4.4 HEALTH AND SAFETY

The Site Specific Health and Safety Plan (SSHASP) will be prepared in accordance with
all applicable State and Federal regulations. The SSHASP will identify the
“exclusion/hot zone,” contaminant reduction zone, and clean zones on a site basemap.
Prior to the beginning site activities, all personnel will be briefed concerning the potential

hazards associated with the corrective action and site constituents of concern and will

sign the SSHASP.

The SSHASP will also present the decontamination procedures to be followed by all
personnel during site activities. All decontamination materials will be containerized,
characterized, and disposed off-site. Personal protective equipment, such as coverboots

and tyvek, will be containerized and transported for disposal with excavated materials.

4.5 EXCAVATION AREA LAYOUT

Prior to the excavation of the dry wells and the associated impacted soils at the site, the
excavation areas will be delineated and surveyed. The excavation areas are based on the
analytical data resulting from various phases of sampling previously performed at the site
as presented on drawings prepared by Law Environmental in the RCRA Facility
Investigation Report and the CMS Report dated April 1992. The survey for the
excavation areas will be tied to site features that are currently present at the site, building
corners, which are also present on the base map prepared by Law Environmental to locate

the previous sample locations that will be addressed by corrective action.

Each of the delineated areas will be clearly marked and features with the proposed
excavation depth. The anticipated excavation areas and the associated depths are

presented on Figure 3.
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4.6 EXCAVATION

The corrective action will be performed utilizing traditional excavation equipment such
as backhoes or trackhoes. The excavated materials will be placed on a polyethylene lined
and bermed temporary staging area. Once staged, the soils will be characterized to meet
the requirements of the selected disposal facility. Sampling will be conducted to
appropriately characterize the materials for offsite disposal and in general accordance
with Subpart R of 40 CFR Part §761. As part of the stockpiling operation, although not
anticipated, large oversized materials will be segregated for separate disposal, if

appropriate.

During excavation and loading activities, measures, such as wetting the soil, will be taken
to reduce the generation of dust. However, if it becomes difficult to stop the generation
of dust during site activities, all construction activities will be stopped and the

construction contractor will evaluate alternate dust control measures.

During the non-working hours at the site, stockpiled soils will be covered with
polyethylene sheeting and secured to prevent surface erosion via wind and rain. In
addition, roll-off boxes and/or trucks containing waste materials will be lined and tarp-

covered.
4.7 VERIFICATION SAMPLING AND ANALYSIS

As previously agreed upon between the USEPA, NMED, and GE, the maximum depth of
soil excavation at the site, for this corrective action will be 15 feet bgs. Therefore, if the
excavated area extends to 15 feet, no post-excavation samples will be collected from the
base of the excavation. However, in the areas where excavations do not extend to 15 feet
bgs, samples will be collected from the floor of the excavation. Regardless of the depth
of excavation, samples will be collected from the sidewalls of the excavation to
determine post-excavation soil quality conditions and guide the lateral extent of

excavation.
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The sampling of the excavation floor, where applicable, and the sidewalls will be

conducted using appropriate sampling methodology in general accordance with 40 CFR

i g,

Part §761 regulations. Where the sidewalls of the excavation are less than the 1.5 meter
"Me regulations, the samples will be collected from the vertical mid-
point of the face and will be spaced 1.5 meters apart along the length of the face. Based
on the results of the sampling, the excavated areas will be expanded laterally and
vertically, where applicable, to fulfill the corrective action goal. While the goal of the
excavation effort is to achieve the corrective action goal, site-specific conditions
(including but not limited to potential for foundation instability, utility damage, or other
considerations) may require reassessment of the effort and may prompt reevaluation of

the corrective action goal based on site specific conditions.

In areas where the total depth of the excavation extends less than four feet bgs, post-
excavation soil samples will be collected directly from the excavation utilizing
decontaminated stainless steel scoops. When the excavation extends deeper than four
feet below the ground surface, the _post-excavation samples will be collected from the

bucket of the excavatlon equlpment used to remove 5011 from the face or base of the

T - e ety e b e e ot T o Rt

excavatlon The samples will be transferred to laboratory prov1ded contalners and

pRCIRR

submltted under proper chain of custody for laboratory analyses. All samples collected

during the corrective action will be analyzed for PCBs using EPA Method 8082.

ot A e i £

-
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Field blanks and duphcate samples will be collected and analyzed for quality

assurance/quahty control (QA/QC) purposes. Field blanks will be collected for each day
of sampling. Duplicate samples will be collected at a rate of one duplicate sample per 20

samples collected.

Each sample that is collected will be assigned a unique sample identification related to
the location from which it was collected. During the collection of the samples, detailed
notes will be taken documenting the location of the sample and a schematic diagram will

also be drawn.
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All sampling equipment will be decontaminated between sampling locations. The
stainless steel scoop and any other nondisposable sampling equipment will be washed
with liquinox, rinsed with distilled water, then rinsed with hexane, rinsed with distilled

water and wrapped in aluminum fotil, shiny side exposed.

4.8 WASTE CHARACTERIZATION

y - ”;'F/'j } LZ@ ,1

o

Prior to disposal of the efcavated materials, samples will be collected from the stockpiled
stockpiled soils or roll-off boxes to satisfy the disposal facility requirements and in
general accordance with applicable regulations. A\iljlwgg»{gpri%fg number of samples will
be collected and analyzed for the following parameters utilizing “total” and toxicity

characteristics leaching procedure (TCLP) for the following constituents:

= Volatile organics compounds (USEPA Method 8240)
= Semi-volatile organics compounds (USEPA Method 8270); and
= Inorganics

= Reactivity, corrosivity, ignitability (RCI)

Select samples will also be submitted for total analysis using the following analytical

methods:

= Volatile organics (Method 8240); and
= PCBs (Method 8082)

Based on the results of these analyses, an appropriate disposal strategy will be developed.
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4.9 WASTE TRANSPORTATION AND DISPOSAL

A licensed and GE-approved hazardous waste transporter will transport the excavated
materials to the disposal facility. The materials generated during the corrective action will
be transported to an approved disposal facility selected based on the results of the waste

characterization analyses.

Prior to the removal of each load of waste materials from the site a manifest will be
prepared and will accompany the shipment to the disposal facility. As previously
discussed all vehicles leaving the “exclusion/hot zone” will decontaminated prior to
exiting the site. Any water generated during the decontamination of the trucks and

associated equipment, will be containerized and will also be properly disposed off-site.
4.10 BACKFILLING AND SITE RESTORATION

Once the corrective action objectives have been met for the site, each of the excavation
areas will be backfilled to original grade level. Each of the excavated areas will be
backfilled utilizing clean select fill from an off-site source. Prior to using any materials
from off-site, a sample will be collected and analyzed for PCBs, volatile organics, semi-

volatile organics, RCRA metals, and pesticides.

Backfill materials will be placed into each excavation area in six-inch lifts and compacted
until original grade level is reached. Once backfilled to original grade each of the

excavated areas will be covered with gravel to limit erosion.

GE-Albuquerque 11 URS Corporation
L6003-scope R February 11, 2002



£

g AN

£

T ]

]

sl

e

ol

ey

B ]

Y

Hivm

s

wea

i

av

izl

FIGURES













