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PREFACE

In 1979, the City of Albuquerque sampled groundwater from municipal wells SJ-6 and SJ-3, located near

the intersection ofBroadway Boulevard and Woodward Road SE. Analyses of these groundwater

samples indicated chlorinated solvents were present in the groundwater from these wells. Figure 1-2

illustrates the locations of these wells to the east of the Plant 83 facilities.

The Plant 83 area has been the site of manufacturing operations since 1948 when the Eidal Manufacturing

Company had a welding operation onsite. In 1951 the Atomic Energy Commission, through American

Car Foundry, took over the property and conducted machining of metal parts, plating, welding and other

activities. This continued until 1967 when the United States Air Force (USAF) took over the property

and converted the plant into an aircraft engine manufacturing facility. The plant, then known as U.S. Air

Force Plant 83, was sold to General Electric Aircraft Engines (GEAE) in 1984 and remains an aircraft

engine manufacturing facility.

Municipal Wells SJ-6 and SJ-3 were taken out of service in 1980 and are no longer used to provide water

to the City of Albuquerque. Environmental investigations have been conducted since 1980 to

characterize the impacts to the aquifer. The United States Environmental Protection Agency (EPA)

identified Plant 83 as one of several possible locations as the source of impacts to the municipal wells.

The EPA also identified six other potential sources for groundwater contamination in this area. The other

Potentially Responsible Parties (PRPs) identified by the EPA and New Mexico Environment Department

(NMED) included Chevron, Duke City Distributing, Edmunds Street Facility (Univar), Texaco, ATA

Pipeline, and Whitfield Tank Lines.

In 1988, the EPA prepared several Record of Decisions (RODs) to establish operable units within the

South Valley Superfund Site in order to address the multiple potential contaminant sources that existed in
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the vicinity of Well SJ-6. Two RODs were issued associated with Plant 83; the Plant 83 ROD and the

San Jose Well No. 6 (SJ-6) ROD. The Plant 83 ROD (EPA, 1988a) addresses characterization and

remediation of soils and groundwater near the Plant 83 area and to the east of Plant 83. The SJ-6 ROD

was written to address water supply issues, and required municipal wells SJ-3 and SJ-6 and select private

wells to be abandoned. Both Wells SJ-3 and SJ-6 were abandoned in October 1994. The private wells

associated with the SJ-6 ROD were abandoned prior to 1994.

The Plant 83 ROD defined three areas of interest: soil, groundwater in the Shallow Zone Aquifer, and

groundwater in the Deep Zone Aquifer. Under an Administrative Order (EPA, 1989), GEAE began

conducting additional investigations to address these areas of interest in 1990. These investigations

consisted of installing and sampling additional groundwater monitoring wells, conducting soil vapor

surveys, and drilling and sampling soil borings. In 1991, GEAE began preliminary designs of

remediation systems for the soil and groundwater at the site.

Investigations to date have characterized the volatile organic compounds (VOCs) in the unsaturated

portion of the Shallow Zone Aquifer, and the saturated portions of the Shallow Zone and Deep Zone

Aquifer to the east of Plant 83. Notably, dense non-aqueous phase liquids (DNAPLs) have not been

found in the course of the Plant 83 Operable Unit (OU) investigations. In the unsaturated portion of the

Shallow Zone Aquifer, VOCs are present in the vapor phase; dissolved phase VOCs are present within

the saturated portions of the Shallow Zone and Deep Zone Aquifers.

Site Geology

The following text describes the geology as characterized and reported previously by Hydrometrics and

Geosciences Consultants Limited (H+GCL, 1993a). In summary, the geology consists ofunconsolidated

alluvial units of the older Santa Fe Group. These sediments (down to approximately 4,300 feet above
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Preface

mean sea level) are primarily ancestral Rio Grande-related, braided fluvial deposits. These sediments

contain lenticular deposits of finer-grained, relatively lower conductivity sands, silts, and clays.

High proportions of sands and gravels that form extensive and locally high-conductivity units across the

site characterize sediments within the upper 600 to 700 feet of the Rio-Grande Aquifer. Discontinuous

silts and clays are present within this interval and the cumulative effect of many of these lower

conductivity layers is to limit the downward rate of contaminant movement in the vertical direction. The

following two subsections describe the specific geology of the Shallow and Deep Zones of the Rio-

Grande Aquifer.

Shallow Zone Aquifer

The Shallow Zone Aquifer is primarily a perched groundwater aquifer. The formation consists of layers

of coarse-grained sands, silty sands, clays, and silty clays. The formation generally extends to a depth of

approximately 20 to 25 feet below ground surface and is underlain by a relatively continuous silty clay

layer (SCL). At the south end of Plant 83, the SCL is absent and may not provide hydraulic separation

from the Deep Zone Aquifer. By convention, the Shallow Zone groundwater refers to groundwater that is

above the relatively continuous SCL and/or above an elevation of 4,900 feet above mean sea level (msl)

(Canonie, 1993).

Deep Zone Aquifer

To model this site and design the Deep Zone Groundwater Remediation System, the Deep Zone Aquifer

was divided into five vertical intervals based on interpretations of the geology as defined in the initial

groundwater flow model for the site (H+GCL, 1993b). The EPA adopted these intervals as the standard

intervals for describing the Deep Zone Aquifer. The groundwater flow model used during the remedial

design was further refined and uses nine layers to calculate groundwater flow. The Deep Zone

Groundwater Remediation System addresses impacts between elevation 4,840 feet above msl (top of

39538 47.01
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Preface

model layer 3) to elevation 4,600 feet above msl (bottom of model layer 6). Remediation activities in the

portion of the aquifer represented by Model Layers 1 and 2 are being conducted by others. Figure 4-1

provides a key map that illustrates the correspondence between the intervals, model layers, and physical

elevations.

To be consistent with previous reports, the deep-shallow zone (DS) interval ranges from 4,840 to

4,900 feet above msl and corresponds to model layers 1 and 2. The deep-intermediate zone (DI) interval

from 4,740 to 4,840 feet above msl corresponds to model layers 3 and 4. This interval was separated for

evaluation purposes in this and previous reports. The upper portion of the DI zone from 4,790 to

4,840 feet above msl corresponds to model layer 3. The lower portion of the DI interval consisting of

model layer 4 from 4,740 to 4,790 feet above msl is combined with the deep-deep zone (DD) interval

from 4,660 to 4,740 feet above msl (i.e., model layer 5) as one evaluation interval (referred to as the

DI/DD interval). The deep-low-permeability zone (DLPZ) interval from 4,600 to 4,660 above msl

corresponds to model layer 6, remains unchanged as a complete interval for evaluation in this report.

The below-deep-low-permeability zone (BDLPZ) interval ranges from the bottom of the DLPZ (model

layer 6) to an elevation of 3,880 feet above msl. The BDLPZ interval is not evaluated in this report

because the deep zone plume is not present in this interval.

Figure 4-1 provides the locations of monitoring wells that are screened in each of the upper four intervals

(DS, DI, DI/DD, and DLPZ) corresponding to model layers 1 through 6. As described above, the Deep

Zone Groundwater Remediation System targets remediation of groundwater between elevation 4,840 feet

above msl (top of model layer 3) and elevation 4,600 feet above msl (bottom of model layer 6).
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EXECUTIVE SUMMARY

This Five Year Review Report of Remedial Actions summarizes the remedial activities undertaken from

June 1993 to June 2000 by General Electric Aircraft Engines (GEAE) under the provisions of the Former

Air Force Plant 83/General Electric (GE) Operable Unit (Plant 83 OU) Record of Decision (ROD) (EPA,

1988a) and the San Jose-6 (SJ-6) OU ROD (EPA, 1988b) of the South Valley Superfund Site,

Albuquerque, New Mexico.

The first Five Year Review Report was submitted to the regulatory agencies March 15, 1999 and included

a summary of remedial activities conducted by GEAE at the South Valley Superfund Site from June 1993

through June 1998. The regulatory agencies reviewed that report and submitted written comments in a

letter dated July 5, 2000. At the request of the regulatory agencies, this report has been updated to

incorporate agency comments and also includes additional data collected through the second calendar

year quarter of 2000 (i.e. through June 2000). Accordingly, this report provides a summary of remedial

activities conducted by GEAE from June 1993 through June 2000. The next five-year review will be due

in September 2005.

The requirements of the SJ-6 ROD included cleaning and sealing abandoned wells and performing

groundwater monitoring for 30 years. GEAE cleaned and abandoned the selected wells, established a

groundwater monitoring program, and conducted yearly sampling for this monitoring well program.

Remedial and engineering activities associated with the Plant 83 ROD include the following:

• Completed the characterization of impacts to unsaturated and saturated portions of the Shallow
Zone and Deep Zone Aquifer

• Completed soil vapor vacuum extraction to remove volatile organic compounds from unsaturated
Shallow Zone Aquifer soils proximate to Plant 83 buildings.
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• Initiated groundwater extraction, treatment, and reinjection of treated water back to the saturated
portion of the Shallow Zone Aquifer proximate to Plant 83 buildings and adjacent properties

• Initiated groundwater extraction, treatment, and reinjection of treated water back to the Deep
Zone Aquifer east of the Plant 83 facility.

Based on requirements of the Administrative Orders issued to GEAE for these operable units (EPA,

1989a and b), GEAE has compiled investigative data, characterized the associated plumes, conducted

engineering designs, and implemented the requisite remedial actions. These activities have been fully

documented in monthly activity reports, quarterly quality assurance reports, annual reports, engineering

design reports, and as-built construction reports. Details of each system can be reviewed in one or more

or these reports. This Five Year Review Report has been prepared to provide a summary of remedial

activities to demonstrate that each remedial activity has been effective in protecting human health and the

environment.

Ongoing remedial activities include groundwater extraction and treatment to remove volatile organic

compounds (VOCs) from the saturated portions of the Shallow Zone Aquifer, and groundwater extraction

and treatment to remove VOCs from the Deep Zone Aquifer. Groundwater is removed from these two

aquifer systems via two separate extraction systems to promote flushing and mitigate further migration of

impacted groundwater.

Data collected to date indicate each remedial activity implemented by GEAE has been effective and is

successful in protecting human health and the environment.
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1.0 INTRODUCTION

On behalf of General Electric Aircraft Engines (GEAE), Harding Lawson Associates (HLA) has prepared this

Five-Year Review Report summarizing remedial activities associated with the Former Air Force

Plant 83/General Electric (GE) Operable Unit (OU) and the San Jose-6 Operable Unit (SJ-6 OU) of the of the

South Valley Superfund Site in Albuquerque, New Mexico.

Five-Year Review

Remedial activities associated with the Plant 83 OU are consistent with the Record of Decision (ROD)

(United Sates Environmental Protection Agency [EPA], 1988a) and Administrative Order (AO), Docket

No. CERCLA 6-16-89, for the Plant 83 OU (EPA, 1989a). Remedial activities for the SJ-6 OU are

consistent with the ROD issued in September 1988 (EPA, 1988b) and AO, Docket No. CERCLA 6-17-89

(EPA, 1989b). This report provides the basis for the 5-year review required by Section 121 (c) of the

Comprehensive Environmental Response, Compensation and Liability Act (CERCLA), as amended, and

Section 300.430 (f) (4) (ii) of the National Oil and Hazardous Substances Contingency Plan (NCP).

The first Five Year Review Report was submitted to the regulatory agencies March 15, 1999 and included

a summary of remedial activities conducted by GEAE at the South Valley Superfund Site from June 1993

through June 1998. The regulatory agencies reviewed that report and submitted written comments in a

letter dated July 5, 2000. At the request of the regulatory agencies, this report has been updated to

incorporate agency comments and also includes additional data collected through the second calendar

year quarter of 2000 (i.e. through June 2000). Accordingly, this report provides a summary of remedial

activities conducted by GEAE from June 1993 through June 2000. The next five-year review will be due

in September 2005.

Harding Lawson Associates 13953847.01
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The purpose of this report is to summarize the remedial actions at this site during the seven-year period from

June 1993 through June 2000, evaluate the effectiveness of the remedial actions, and demonstrate that the

remedial actions still in progress are protective of human health and the environment. Remedial actions at this

site over this seven-year period include the following:

• For the SJ-6 OU, cleaned and abandoned wells and established a groundwater monitoring program as
required. The groundwater monitoring program has been incorporated into the Plant 83 OU as
identified in the Performance and Compliance Monitoring Plan (PCMP) (Smith, 1996).

• Completed the remediation of the unsaturated portion of the Shallow Zone Aquifer via vacuum
extraction system (VES) proximate to both North Plant 83 and South Plant 83 buildings. The EPA
approved the completion of this work and the system was subsequently dismantled.

• Investigation, design, construction, and ongoing operation of the groundwater remediation system for
the Shallow Zone Aquifer proximate to both North Plant 83 and South Plant 83 buildings.

• Investigation, design, construction, and ongoing operation of the groundwater remediation system for
the Deep Zone Aquifer located east of the Plant 83 facility.

Figure 1-1 provides a Regional Location Map, and Figure 1-2 illustrates the location of the Plant 83 OU site

just west of Interstate 25 (1-25) and proximate to Woodward Road. The following sections of this report

provide a summary of each remedial action at this site over the seven-year period.

3953847.01 Harding Lawson Associates 2
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2.0 PLANT 83 OPERABLE UNIT - VACUUM EXTRACTION SYSTEM

The removal ofVOCs from the unsaturated portion of the Shallow Zone Groundwater Aquifer proximate to

the North Plant 83 and South Plant 83 buildings was required by the ROD (EPA, 1988a). Though

concentrations ofVOCs detected in the soil did not pose a health threat, VOCs could be mobilized from the

unsaturated portion to the saturated portion of the Shallow Zone Aquifer unit. Accordingly, the EPA required

that soil vapor extraction be used to remove the VOCs from the unsaturated soil. The majority of this work

was completed prior to June 1993. The following provides a brief description of vacuum extraction system

(VES) activities.

2.1 Characterization

The unsaturated soil from the Shallow Zone Aquifer unit was characterized by soil sampling conducted in

preliminary investigations. Additional soil data were also gathered during the installation of wells used to

conduct the soil vacuum extraction activities. These data were used to design the locations of wells and

establish baseline conditions prior to the remediation efforts. Based on data collected from the previous

investigations and the well installation program, the baseline VOC concentrations were grouped into two

depth intervals, ground surface to a depth of 8 feet and depths greater than 8 feet.

Proximate to the North Plant 83 building, the average total initial VOC concentrations (excluding methylene

chloride) detected from the ground surface to a depth of 8 feet were 76 micrograms/kilograms (ug/kg). The

average total initial VOCs at depths greater than 8 feet were 198 (^g/kg. Proximate to the South Plant

83 building, the average total initial VOCs (excluding methylene chloride) detected from the ground surface to

a depth of 8 feet was 326 ug/kg. The average total initial VOCs at depths greater than 8 feet were 169 ug/kg.

Soil samples collected to date do not indicate the presence of a dense non-aqueous phase liquid (DNAPL) or

other source ofVOCs. Accordingly, application of the VES technology to remove the low concentrations of

VOCs was considered appropriate.

Harding Lawson Associates 33953847.01
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2.2 Remediation Activities

The VES remediation was conducted using a high vacuum pump to pull the vapors from the unsaturated

portion of the Shallow Zone Aquifer. This vapor was piped through carbon adsorption vessels to remove the

VOCs from the vapor.

The soil vacuum extraction work was conducted as a pilot project during two separate phases as follows:

• Phase I work at the north end of Plant 83 was conducted from June 29, 1992, to August 10,1992.

• Phase I work at the south end of Plant 83 was conducted from October 18, 1992, to December 2,
1992.

• The Phase IA work at the south end of Plant 83 was conducted from December 28,1992, to
March 10, 1993.

• The Phase IA work at the north end of Plant 83 was conducted from March 12,1993, to June 24,
1993.

Subsequent to the VES effort, soil samples were collected and analyzed to evaluate the effectiveness of the

remediation effort. Based on the results of these operations, the EPA determined additional VES operations

were not required. Hence all VES activities were completed on June 24,1993. Approximately 52 kilograms

total of VOCs were removed from both the north end and south end of Plant 83.

2.3 Conclusions

The pilot project VES was effective in removing VOCs, and post-remediation VOC concentrations in the soil

were significantly less than the EPA accepted cleanup criteria. Accordingly, the EPA concluded no further

soil VES remediation was required as the remedial action accomplished the objectives of being protective of

human health and the environment. The EPA approved the termination of the pilot project VES and removal

of the VES equipment in the EPA letter dated June 21, 1994. A full scale VES was not implemented.

3953847.01
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3.0 PLANT 83 OPERABLE UNIT - SHALLOW ZONE GROUNDWATER
REMEDIATION SYSTEM

Removal ofVOCs from the groundwater within the saturated portion of the Shallow Zone Groundwater

Aquifer proximate to the North Plant 83 and South Plant 83 buildings was also required by the Plant 83 OU

ROD (EPA, 1988a). The EPA required groundwater extraction with treatment by carbon adsorption to

remediate the impacted groundwater.

Following subsurface investigations and delineation of the impacted groundwater, remedial activities for this

portion of the Plant 83 OU required the engineering design, construction, operation, and maintenance of the

treatment system. Remedial activities also include the sampling and analysis of groundwater from monitoring

wells and effluent from the treatment system (collectively the Shallow Zone Groundwater Remediation

System).

The Shallow Zone Groundwater Remediation System was installed to remove dissolved VOCs in the

saturated portion of the Shallow Zone Aquifer proximate to the North Plant 83 and South Plant 83 buildings.

Based on data collected to date, no DNAPLs or other source of VOCs was located. Hence, the Shallow Zone

Groundwater Remediation System was designed and constructed to address dissolved VOCs in groundwater.

Figure 3-1 illustrates the locations of the wells associated with the Shallow Zone Groundwater Remediation

System.

This work was conducted consistent with the ROD and as specified in the EPA approved Remedial Design

Plan, Shallow Zone Ground Water Extraction and Treatment System (Canonie, 1993) and the System

Monitoring Plan (Canonie, originally issued in 1993, revised 1994).

3.1 Shallow Zone Groundwater Remediation System Goals

The goals for the remediation of the Shallow Zone Aquifer consisted of three parts (Canonie, 1993):

395384701 Harding Lawson Associates 5
09/15/00 O&M



1. North Plant 83 area was to be remediated by enhancing the natural dewatering process by
strategically locating extraction wells to remove groundwater containing VOCs within the silty clay
layer depressions. Extraction Wells SEW-01 through SEW-06, and SEW-11 were located for this
purpose.

2. South Plant 83 area was to be remediated by placement of an extraction well in the area with localized
occurrences of VOCs. Extraction Well SEW-10 was located for this purpose.

3. Where dewatering was not possible or practical, the Shallow Zone Aquifer was to be remediated by
removing VOCs via flushing to levels below Applicable or Relevant and Appropriate Requirements
(ARARs). ARARs for this site are listed in Table 3.2.

Therefore, the primary goals of the system are to either reduce VOC concentrations below the ARARs or to

contain the plume until the Shallow Zone Aquifer is dewatered by the extraction wells or a decline in the

natural groundwater level occurs within the project area. The ARARs were established by reference in the

ROD (EPA, 1988a). The System Monitoring Plan (revised Appendix B of the Remedial Design Plan,

Shallow Zone Ground Water Extraction and Treatment System, Canonie, 1994) was developed to provide a

mechanism to monitor the effectiveness of the Shallow Zone Groundwater Remediation System in meeting

the remediation goals.

3.2 Shallow Zone Aquifer Geology

The Shallow Zone Aquifer at the Plant 83 OU is primarily a perched groundwater aquifer. The Shallow Zone

formation consists of layers of coarse-grained sands, silty sands, clays, and silty clays. This Shallow Zone

formation generally extends to a depth of approximately 20 to 25 feet below ground surface (ft bgs). The

Shallow Zone formation is underlain by a relatively continuous silty clay layer, except at the south end of

Plant 83 where it is absent or does not provide hydraulic separation from the Deep Zone Aquifer [General

Electric Aircraft Engines Plant 83 Shallow Groundwater Investigation, by Hydrometrics and Geosciences

Consultants Limited (H+GCL, 1993c)]. By convention, the Shallow Zone groundwater refers to groundwater

that is above the relatively continuous silty clay layer and/or above an elevation of 4,900 feet above mean sea

level (msl) (Canonie, 1993).
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3.3 Shallow Zone Groundwater Remediation System Description

The Shallow Zone Groundwater Remediation System includes monitoring wells, extraction wells, and a

groundwater treatment system. Table 3-1 provides a list of the 8 extraction and 30 monitoring wells, and

Figure 3-1 illustrates the location of the Shallow Zone Groundwater Remediation System wells and the

treatment plant building.

Until early 2000, the Shallow Zone Groundwater Remediation System consisted of seven extraction wells to

remove the perched groundwater from the Shallow Zone Aquifer. With EPA approval, an additional

extraction well (SEW-11) was added to the extraction well network near monitoring well P83-03S; SEW-11

became operational February 2000. As part of the Shallow Zone Groundwater Remediation System

modifications, GEAE added an injection well (SIW-01) near the Shallow Zone treatment plant building

(Figure 3-1). Injection well SIW-01 has been operational since May 2000.

The Shallow Zone Groundwater Remediation System works by extracting groundwater from eight extraction

wells (SEW-01, SEW-02, SEW-03, SEW-04, SEW-05, SEW-06, SEW-10, and SEW-11). The extracted

groundwater is conveyed through a dual-contained pipe to the treatment system and is treated using liquid-

phase granulated activated carbon to adsorb the VOCs. Following treatment, the groundwater is then

discharged. The effectiveness of the system is evaluated by collecting groundwater from extraction and

monitoring wells and comparing the data to historical data previously collected.

From the start of the system on May 16, 1994, until October 1997, treated water was discharged to three

evaporative cooling towers and used as process make-up water for GEAE's North Plant 83, prior to discharge

to the City of Albuquerque sewer system. However, GEAE removed the North Plant 83 from service and

treated groundwater was no longer discharged to the cooling towers. From October 1997 to May 2000, the

treated groundwater had been collected in the effluent holding tank inside the treatment plant building. The
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treated groundwater was transported via pickup truck to the Deep Zone Groundwater Treatment Plant located

about one mile away. This treated water was treated again at the Deep Zone treatment plant and discharged to

the Deep Zone Aquifer via the existing injection well network.

Because the groundwater has already been treated, no special transport license was required. To improve the

efficiency of the Shallow Zone Groundwater Remediation System, GEAE installed an injection well near the

treatment building in January 2000. Injection Well SIW-01 became operational in May 2000, and since that

time treated water from the Shallow Zone Treatment System has been reinjected directly into the shallow

aquifer.

3.4 Performance Evaluation of the Shallow Zone Groundwater Remediation
System

The performance of the Shallow Zone Groundwater Remediation System has been evaluated based on the

following monitoring data collected during system operation:

1. Groundwater quality at the extraction and monitoring wells

2. Influent and effluent water quality monitoring of the groundwater treatment system

3. Water-level monitoring in the extraction wells and selected monitoring wells

4. Flow monitoring at each of the extraction wells and the combined flow of the treatment system

The following sections provide a brief description of each data set collected to evaluate the performance of the

Shallow Zone Groundwater Remediation System.

3.4.1 Groundwater Quality Monitoring Data

Groundwater quality monitoring was performed in accordance with the System Monitoring Plan

(Canonie, 1994) for the purpose of obtaining accurate, representative, complete, and comparable data for
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assessing changes in constituent concentrations, compliance with discharge criteria, and performance of the

groundwater extraction and treatment system.

Groundwater samples were collected from the extraction and monitoring wells listed in Table 3-1 and shown

in Figure 3-1. Monitoring Wells P83-01S, P83-02S, P83-03S, P83-05S, P83-13S, P83-14S, P83-15S,

SMW-09 through SMW-14, and S-01 and Extraction Wells SEW-01 through SEW-06 and SEW-11 were

designated for water quality monitoring near the North Plant 83 building. Monitoring Well SW-08 and

Extraction Well SEW-10 were designated for water quality monitoring near the South Plant 83 building.

Through the fourth quarter of 1999 groundwater was sampled and analyzed semiannually from monitoring

wells and quarterly from extraction wells. As a result of the Design Review Committee meeting held on

August 26, 1999, and a letter request by GEAE dated November 19,1999, the EPA approved several

modifications to the existing program for the Shallow Zone Remediation System. In its letter dated

December 29,1999 (Appendix G) the EPA approved modifications to the collection of groundwater quality

data from a quarterly basis to a semi-annual basis across the South Valley Superfund Site. Groundwater level

data will continue to be collected on a quarterly basis, but will be reported to the EPA on a semi-annual

schedule concurrent with groundwater quality data reports.

In a letter to the EPA, GEAE requested that the water quality sampling for six shallow zone monitoring wells

(i.e. P83-05S, P83-13S, P83-15S, S-01, SMW-13, and SMW-14) be amended from a semi-annual to annual

schedule. This request, based on historical data, was approved by the EPA in its letter dated December 29,

1999 (Appendix G). Modifications to the groundwater quality monitoring program for the Shallow Zone

System approved by the EPA were implemented beginning first quarter 2000.
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Plant 83 Operable Unit - Shallow Zone Groundwater Remediation System

Monitoring Wells TX-14, TX-23, SW-01, SW-06, SW-07, and SPG-03 were originally in the well sampling

program but were subsequently dropped from the monitoring program as these wells did not contain

groundwater with concentrations of compounds in excess ofARARs for at least eight consecutive quarterly

sampling events. These wells were dropped from the monitoring program in April 1996 and are not identified

in Table 3-1 or on Figure 3-1.

Groundwater sampling was performed in accordance with the System Monitoring Plan (Canonie, 1994).

Monitoring wells were purged of a minimum of three casing volumes of groundwater using a decontaminated

stainless steel bailer or portable electric pump before being sampled. Groundwater samples were collected

from the extraction wells at the sampling port located on the discharge water line from the extraction pump.

The EPA and NMED approved terminating the operation of SEW-06 in July 1996, based on more than eight

consecutive quarters of groundwater sample data that indicated the absence ofVOCs or VOCs significantly

below ARARs. This extraction well was sampled quarterly for water quality analysis since the system was

started in May 1994 until July 1997. Subsequent to July 1997, the groundwater pump in Well SEW-06 was

not operational which prohibited collection of groundwater samples. GEAE repaired this well pump, and the

groundwater has been sampled in this well since November 1998 and will continue to be sampled in future

sampling events. Full-time operation of SEW-06 resumed in January 1999.

Groundwater samples from both monitoring and extraction wells were analyzed for VOCs using a modified

version of EPA Method 8260. The modification was requested by the EPA in its letter dated October 3,1996,

and consists of lowering the reporting limit to 1 microgram per liter (ug/1) for many of the analytes. Table 3-2

provides a list of the analytes and reporting limits used for this analysis program.
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Consistent with previous reports, the analytes chosen to evaluate the groundwater quality in the monitoring

wells are l,l-dichloroethane(l,l-DCA), l,l-dichloroethene(l,l-DCE), l,2-dichloroethane(l,2-DCA),

tetrachloroethene (PCE), trichloroethene (TCE), and vinyl chloride.

3.4.2 Treatment System Water Quality Data

The Shallow Zone Treatment System uses liquid-phase granulated activated carbon to remove the VOCs from

the extracted groundwater. The treatment system includes a flow equalization tank followed by three stages of

granulated activated carbon units connected in series to provide redundant capacity and to allow higher VOC

loading on the granulated activated carbon. To assess treatment and to prevent discharge of water containing

VOCs, sample ports were installed on the influent line to the treatment system before the first carbon unit,

between the first and second carbon units, between the second and third carbon units, and on the effluent

discharge line.

As prescribed in the System Monitoring Plan (Canonie, 1994), samples of treated groundwater were collected

to demonstrate performance of the treatment system and compliance with applicable discharge requirements.

Treatment System Performance Sampling

Performance monitoring samples of the treated groundwater are collected from the effluent line of the primary

granulated activated carbon unit. The purpose of performance monitoring is to establish when the primary

granulated activated carbon unit (Unit No. 1) needs to be removed from service and the other units moved

forward in the series. For example, when Unit No. 1 becomes loaded. Unit No. 2 becomes Unit No. 1,

Unit No. 3 becomes Unit No. 2, and a new unit is brought online to become Unit No. 3.

By operating the granulated activated carbon units this way, the granulated activated carbon units become

loaded and sufficient redundancy remains to ensure no water containing VOCs is discharged. The granulated

activated carbon unit change occurs when analytical results of the effluent from the primary granulated
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activated carbon unit indicate the presence of a VOC above its respective laboratory detection limit. This is

referred to as breakthrough.

Under the original plan, performance samples were collected when granulated activated carbon Unit No. 1 had

treated 25,000 gallons, 50,000 gallons, 60,000 gallons, and 70,000 gallons and every 5,000 gallons thereafter

until breakthrough occurred. Once breakthrough occurred, the granulated activated carbon units were

changed. When changed, the intervals of performance sampling began again when 25,000 gallons had been

extracted and treated.

GEAE in a letter to the EPA (described in Section 3.4.1 above) requested to discontinue analysis for inorganic

constituents for the Shallow Zone treatment system compliance samples and modify the sampling frequency

of performance sample collected from the primary treatment vessel. Specifically, GEAE requested to

continue to collect performance samples at 25,000, 50,000, and 60,000-gallon intervals, but change-out the

unit at 60,000 gallons treated rather than continue the sampling at 70,000 gallons and every 5,000 gallons

thereafter until breakthrough occurred. The EPA approved both of these requests (Appendix G). The

modifications to the sampling program were implemented in the first quarter of 2000.

Treatment System Compliance Sampling

Until the new Injection Well SIW-01 was installed, treatment system compliance monitoring samples were

collected at the effluent line of the tertiary granulated activated carbon unit (Unit No. 3) on a quarterly basis.

At the request of the State of New Mexico Environment Department Groundwater Quality Bureau, and

starting in August 2000, GEAE will collected treatment system compliance samples on a monthly basis.

Since the beginning of the Shallow Zone Groundwater Treatment System operations, treated groundwater

quality has always been below the established ARARs for both organic and inorganic compounds. The

compliance monitoring analytical data collected June 21,1995 indicated that chloromethane was detected at
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2 parts per billion (ppb). Because this compound was also found in the laboratory blank, the presence of

chloromethane is considered a laboratory artifact. In addition, acetone was detected in the compliance sample

taken March 18, 1998. However, the performance sample collected from granulated activated carbon Unit

No. 1 on May 19, 1998, did not have a detect of acetone. If present in the treated water, acetone would have

been detected from granulated activated carbon Unit No. 1 before it was detected in granulated activated

carbon Unit No. 3. Acetone is also a common laboratory contaminant, and therefore, the presence of acetone

in the sample is considered a laboratory artifact.

No other VOCs were detected in any compliance samples. Accordingly, the data collected to date indicate

this system has been effective in removing VOCs from the extracted groundwater.

3.4.3 Groundwater-Level Monitoring Data

Groundwater-level monitoring data were collected at the extraction and monitoring wells listed in Table 3-1

and shown on Figure 3-1 to evaluate the groundwater levels in the Shallow Zone Aquifer in response to

treatment system operations. Static water levels at monitoring wells were measured on a semi-annual

schedule during the second and fourth calendar year quarters, and on a quarterly basis at extraction wells.

Groundwater-level measurements were taken after the extraction wells were shut off for a minimum of 2 days

(i.e., the shutdown period in accordance with pulse pumping program discussed below).

3.4.4 Flow Monitoring Data

The extracted groundwater flows are monitored for the following purposes:

• Estimate the mass of VOCs removed and to evaluate the treatment system performance

• Record flows required by the State Engineers Office

• Record operating conditions
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Cumulative flow measurements are recorded at the extraction wells, and treatment system cumulative and

instantaneous flow measurements are recorded in the treatment plant at two locations (on the effluent line

of granulated activated carbon Unit No. 3 and on the outfall line of the effluent storage tank). When the

discharge to GEAE's cooling towers was discontinued October 1, 1997, flow measurements were taken

from the extraction wells and from the effluent of granulated activated carbon Unit No. 3 only.

Table 3-5 provides a summary of the monthly process flows since system startup. From system startup

through June 2000, approximately 708,000 gallons ofgroundwater have been extracted and treated from the

Shallow Zone Aquifer.

3.5 Shallow Zone Groundwater Remediation System Effectiveness

This section of the report provides an evaluation of the effectiveness of the Shallow Zone groundwater

extraction and treatment system. The remedial design objectives approved by the EPA for the Shallow Zone

consisted of three parts:

1. North Plant 83 was to be remediated by enhancing the natural dewatering process by strategically
locating extraction wells to remove groundwater containing VOCs within the silty clay layer
depressions. Extraction Wells SEW-01 through SEW-06 and SEW-11 were located for this purpose.

2. South Plant 83 was to be remediated by placement of an extraction well in the area with localized
occurrences of VOCs. Extraction Well SEW-10 was located for this purpose.

3. Where dewatering was not possible or practical, the Shallow Zone Aquifer was to be remediated by
removing VOCs via flushing to levels below ARARs (Table 3-2).

Accordingly, the following performance elements were assessed:

1. Contaminant concentration trends

2. Dewatering of the Shallow Zone Aquifer within the area of extraction

3. VOC mass extracted by the groundwater extraction and treatment system

4. Effectiveness of pulse pumping

39538 47.01
09/15/00 O&M

Harding Lawson Associates 14



These elements of the evaluation are presented in accordance with the System Monitoring Plan

(Canonie, 1994).

3.5.1 Contaminant Concentration Trends

Groundwater quality in the extraction wells and monitoring wells was evaluated to assess VOC concentration

trends. As shown in Tables 3-3 and 3-4, VOC concentrations in the groundwater from the extraction and

monitoring wells have been steadily decreasing. This indicates that the Shallow Zone Groundwater

Remediation System is working as designed.

Conclusions based on the data collected to date include the following:

• Total VOCs extracted from the Shallow Zone Aquifer during each monitoring period have generally
decreased since the system was started. This trend is expected because as VOCs are removed, there is
less VOC mass remaining for subsequent removal (Table 3-6).

• In the North Plant 83 area, the horizontal extent of the 1,1 -DCA and 1,1 -DCE plumes above ARARs
have been continually shrinking. The TCE plume above its ARAR has completely disappeared
(Figures 3-2A, 3-2B, 3-3A, 3-3B, 3-4A, and 3-4B).

• In the South Plant 83 area, 1,1-DCA, 1,1-DCE, and TCE continue to be present, but only in the
Extraction Well SEW-10 and its nearby Monitoring Well SW-08. The concentrations of these
compounds continue to reduce with time (Tables 3-3 and 3-4).

• Groundwater levels have not decreased as expected. GEAE elected to operate the Shallow Zone
Groundwater Treatment System on a continuous basis and discharge the treated water to the newly
installed Injection Well SIW-01. To improve efficiency of the extraction system, the GEAE installed
the new Extraction Well SEW-11 near an area where historic data indicated higher VOC
concentrations (i.e. near monitoring well P83-03S).

Reduction in Total VOCs Extracted

Table 3-6 shows total VOCs from each extraction well since system startup in May 1994. As shown in

Table 3-6, during each period analyzed, the total VOCs from each extraction well have generally been

decreasing with periods of temporary increases in total VOCs extracted. Temporary increases in the

concentrations of VOCs is an expected phenomenon as VOCs previously trapped in soil pore space become
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remobilized to the groundwater. The VOCs become remobilized due to several factors including a temporary

rise in groundwater elevation, precipitation events that flush VOCs, or a change in groundwater chemistry that

caused the trapped VOCs to be released into the groundwater.

Aerial Extent of VOC Plumes

Figures 3-2A, 3-2B, 3-3A, 3-3B, 3-4A, and 3-4B illustrate the plumes associated with the compounds of

1,1-DCA, 1,1-DCE, and TCE, respectively, for the North Plant 83 area. As shown, the extent of the plumes

for each compound are decreasing in size. Based on these figures, the Shallow Zone Groundwater

Remediation System is working as designed and reducing the VOC concentrations in the Shallow Zone

groundwater.

In the area adjacent to South Plant 83, Extraction Well SEW-10 and its nearby Monitoring Well SW-08 are

the only two wells with concentrations of VOCs above ARARs. Figures to illustrate the lateral extent of

compounds of 1,1-DCA, 1,1-DCE, and TCE would not be meaningful with only the two wells as data points.

3.5.2 Groundwater Level and Saturated Thickness

Water-level monitoring data were collected at the extraction wells and monitoring wells listed in Table 3-1

and shown in Figure 3-1. Water-level data were used to evaluate the performance of the Shallow Zone

Groundwater Remediation System with respect to the design objectives (i.e., enhance dewatering of the

Shallow Zone Aquifer, if practical).

Figures 3-5A through 3-5G illustrate the saturated thickness of the groundwater aquifer at each of the

extraction wells since the beginning of the remediation period through the present. Extraction well SEW-11

was not included in these figures as the well was only recently installed and there are too few data points.

Figures 3-5H through 3-5L illustrate the saturated thickness of the groundwater aquifer at five monitoring
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wells (P83-02S, P83-03S, SMW-09, SMW-11, and SW-08). These monitoring wells were chosen as these

wells continue to demonstrate VOCs above ARARs.

As shown in these figures, the groundwater surface has risen substantially. In some cases, the groundwater

levels have risen to levels approximately equal to those levels encountered prior to the start ofremediation.

Accordingly, GEAE installed a new extraction well and injection well to promote increased flushing of VOCs

from the perched groundwater.

Based on data collected to date, the following observations were made:

• The groundwater level within the Shallow Zone Aquifer was steadily declining. However, relatively
recent recharge from an unknown source or sources (such as precipitation) has caused the
groundwater level to rise to approximately pre-remediation levels.

• The groundwater level is directly related to the amount of water that can be pumped, and this is
related to the amount of VOCs that can be removed.

• Extracting groundwater from the Shallow Zone Aquifer to dewater the aquifer is not practical. To
improve efficiency, a new extraction well and new injection well was installed.

3.5.3 VOC Mass Removal Trend

The VOC mass extracted by the system is calculated based on the volume of groundwater removed and the

total VOC concentrations at each extraction well. Total VOC concentrations are computed as the sum of the

VOCs detected. Minor contributions to the total VOC count were made by analytes other than the compounds

of interest (1,1-DCE, 1,1-DCA, 1,2-DCA, PCE, TCE, and vinyl chloride). However, these minor

contributions were small in comparison to the contribution by the compounds of interest.

Table 3-6 summarizes the mass extracted by each well and for the total system since system startup. Since the

beginning ofremediation, approximately 380 grams of VOCs have been removed. Extraction Wells SEW-05

and SEW-10 have the highest recorded cumulative VOC mass removal. Extraction Well SEW-06 had the
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lowest recorded cumulative VOC mass removal (excluding SEW-11, operational February 2000). The figures

in Appendix A provide a comparison of VOC mass removed per the volume pumped by each extraction well.

Figure 3-6 illustrates the total VOC mass removal trend with time, since the Shallow Zone Groundwater

Remediation System started in May 1994. As shown in this figure, the VOC mass removed appears to be

reaching an asymptote. This trend is expected and well documented in the technical literature for groundwater

remediation via pump and treat where the principal mechanism ofremediation is flushing. The figures in

Appendix B provide a comparison of total VOC concentration and cumulative mass removed by each

extraction well since the start of the Shallow Zone Groundwater Remediation System.

3.5.4 Pulse Pumping

The Shallow Zone Groundwater Remediation System had been pulse pumped from startup in May 1994 to

May 2000 when the new Injection Well SIW-01 became operational. Initially, the pulse pumping program

consisted of a pumping period of 5 days beginning on a Monday followed by a 2-day resting period. In

August 1996, the pulse pumping program consisted of a pumping period of 5 days beginning on Monday

followed by a 9-day resting period.

Given that the saturated thickness of the perched water in the Shallow Zone Aquifer has not decreased as

expected, pulse pumping with a resting period of 9 days has been discontinued. GEAE resumed the original

pumping schedule of 5 days followed by a rest period of 2 days (each weekend). The system has been

operated continuously (i.e. no further pulse pumping) since May 2000 when the new injection well SIW-01

became operational.

3.6 Conclusions and Recommendations

The Shallow Zone Groundwater Remediation System has been effective in reducing the concentrations of

VOCs, but has not been effective in dewatering the saturated thickness of the perched groundwater. The
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compound 1,1-DCA was detected during the second quarter 2000 sampling event at concentrations above its

ARAR in Wells P83-02S, P83-03S, and SW-08 and in Extraction Wells SEW-02, SEW-05, SEW-10, and

SEW-11.

During the second quarter 2000 sampling event the compound 1,1-DCE was detected at concentrations

above its ARAR in Wells P83-01S, P83-02S, P83-03S, and SW-08 and in Extraction Wells SEW-02,

SEW-03, and SEW-05. Concentrations of this compound are below ARARs in the other monitoring and

extraction wells.

During the second quarter 2000 sampling event the compound vinyl chloride was detected at concentrations

above its ARAR in Well SW-08 and in Extraction Well SEW-05. Concentrations of this compound are below

ARARs in the other monitoring and extraction wells.

During the second quarter 2000 sampling event the compound TCE was not detected above its ARAR in any

monitoring or extraction well of the Shallow Zone System.

The Shallow Zone Aquifer is not being dewatered. Hence, the remediation mechanism will be flushing versus

removal of perched groundwater. The new Extraction Well SEW-11 and Injection Well SEW-01 were added

to improve flushing efficiency. The data indicates an asymptotic removal rate (i.e., less and less VOC

removal with time). As such, the next review of system operations should evaluate natural attenuation or

other remedial/regulatory options.

Based on data collected to date, GEAE requested and the EPA and NMED approved changes to the data

collection schedule for monitoring wells and extraction wells. Extraction wells are now sampled and analyzed

semi-annually, and Monitoring Wells, P83-05S, P83-13S, P83-15S, S-01, SMW-13, and SMW-14 are now
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sampled and analyzed annually. Concentration data from these monitoring wells indicate that VOCs have

been absent or significantly below their respective ARARs for at least eight consecutive quarters. The

remaining Monitoring Wells P83-01S, P83-02S, P83-03S, P83-14S, SMW-09, SMW-10, SMW-11, SMW-

12, SW-06, SW-07, and SW-08 continue to be sampled and analyzed on a semi-annual basis.
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4.0 PLANT 83 OPERABLE UNIT - DEEP ZONE GROUNDWATER REMEDIATION SYSTEM

The Plant 83 OU ROD (EPA, 1988a) also required removal ofVOCs from the Deep Zone Groundwater

Aquifer east of the Plant 83 facility. The EPA required groundwater extraction, treatment by air stripping and

carbon adsorption to remove the VOCs from the impacted groundwater, and then injection of treated water to

the Deep Zone Aquifer.

Work accomplished during this reporting period (June 1993 through June 2000) included delineation of

chemicals in the deep zone aquifer east of Plant 83 (Deep Zone Plume). Work also included the construction,

operation, and maintenance of the Deep Zone Aquifer groundwater extraction and treatment system and the

sampling and analysis of groundwater from monitoring wells and process water from the treatment system.

The extraction and injection wells, treatment system, and monitoring program collectively make up the Deep

Zone Groundwater Remediation System.

This work was conducted as specified in the 100-Percent Design Report, Deep Zone Ground Water

Remediation System (Canonie, 1995) and the Performance and Compliance Monitoring Plan (PCMP)

(Smith, 1996). Figure 4-1 illustrates the locations of the wells associated with the Deep Zone

Groundwater Remediation System.

The Deep Zone Groundwater Remediation System consists of three high volume extraction wells that remove

groundwater with concentrations of VOCs in excess ofARARs, a treatment system that removes the VOCs

from the extracted water by air stripping followed by redundant treatment using liquid-phase granulated

activated carbon. When treated, the water is returned to the Deep Zone Aquifer at the same elevation it was

extracted via 10 injection wells. Monitoring wells are located within and proximate to the extraction and

injection area to provide a means to monitor the progress of the remediation.

3953847.01
09/15/00 O&M

Harding Lawson Associates 21



Plant 83 Operable Unit - Deep Zone Groundwater Remediation System

4.1 Deep Zone Groundwater Remediation System Goals

The remedial design objectives approved by the EPA and outlined in the 100% Design Report, Deep Zone

Ground Water Remediation System (Canonie, 1995) include but are not limited to the following:

• Meet the requirements of the ROD (EPA, 1988a)

• Delineate the Deep Zone Plume

• Provide hydraulic control of the Deep Zone Plume

• Remediate impacted groundwater within the Deep Zone Plume via flushing to concentrations less
than the ARARs (EPA approved ARARs for this site are listed in Table 4-2)

• Operate the GEAE remedial system to avoid detrimental effects to nearby remediation systems
operated by others

• Provide adequate safeguards within the system to prevent detrimental system failures

The following text provides an evaluation of this system in comparison to the objectives listed above.

4.2 Deep Zone Aquifer Geology and Groundwater Flow Model

The Deep Zone Aquifer is the aquifer encountered at the site below an elevation of 4,900 feet above msl. In

the ROD (EPA, 1988a) this aquifer is referred to as both the Intermediate and the Deep Zones. Groundwater

beneath the site area is encountered at an elevation proximate to 4,900 feet above msl corresponding to depths

below the ground surface of 49 to 115 feet. Groundwater impacted with dissolved VOCs being remediated by

the Deep Zone Groundwater Remediation System ranges from 4,840 to 4,600 feet above msl.

Deep Zone Aquifer Geology

The following text describes the geology as characterized and reported previously (H+GCL, 1993a). In

summary, the geology consists ofunconsolidated alluvial units of the older Santa Fe Group. These sediments

(down to approximately 4,300 feet above msl) are primarily ancestral Rio Grande-related, braided fluvial

deposits. These sediments contain lenticular deposits of finer grained, relatively lower conductivity sands,

silts, and clays.
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Sediments within the upper 600 to 700 feet of the Deep Zone Aquifer (the area where groundwater is being

remediated) are characterized by high proportions of sands and gravels that form extensive and locally high-

conductivity units across the site. Discontinuous silts and clays are present within this interval, and the

cumulative effect of many of these lower conductivity layers is to limit the downward rate of contaminant

movement in the vertical direction. Note that these silts and clays form confining layers in upper portions of

the aquifer, but these confining layers are not laterally extensive. There is no evidence to suggest a laterally

extensive confining layer east of the Albuquerque Metropolitan Arroyo and Flood Control Authority

(AMAFCA) South Diversion Channel, in the area of interest.

Groundwater Flow Model

To model this site and design the Deep Zone Groundwater Remediation System, the Deep Zone Aquifer was

divided into five vertical intervals based on interpretations of the geology as defined in the initial groundwater

flow model for the site (H+GCL, 1993b). The EPA adopted these intervals as the standard intervals for

describing the Deep Zone Aquifer. The groundwater flow model was farther refined and uses nine layers to

calculate groundwater flow. The Deep Zone Groundwater Remediation System addresses impacts between an

elevation of 4,840 feet above msl (top of Model Layer 3) to an elevation of 4,600 feet above msl (bottom of

Model Layer 6). Figure 4-1 provides a key map that illustrates the correspondence between the intervals,

model layers, and physical elevations.

To be consistent with previous reports, the deep shallow zone (DS) interval ranges from 4,840 to 4,900 feet

above msl and corresponds to Model Layers 1 and 2. The deep intermediate zone (DI) interval from 4,740 to

4,840 feet above msl corresponds to Model Layers 3 and 4. This interval was separated for evaluation

purposes in this and previous reports. The upper portion of the DI zone from 4,790 to 4,840 feet above msl

corresponds to Model Layer 3. The lower portion of the DI interval consisting of Model Layers 4 and 5 from

4,740 to 4,790 feet above msl is combined with the deep deep zone (DD) interval from 4,660 to 4,740 feet
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above msl as one evaluation interval (referred to as the DI/DD interval). The deep low-permeability zone

(DLPZ) interval from 4,600 to 4,660 above msl corresponds to Model Layer 6 and remains unchanged as a

complete interval for evaluation in this report.

The below deep low-permeability zone (BDLPZ) interval ranges from the bottom of the DLPZ (Model Layer

6) to an elevation of 3,880 feet above msl. The BDLPZ interval is not evaluated in this report because the

Deep Zone Plume is not present in this interval.

Figure 4-1 provides the locations of monitoring wells that are screened in each of the upper four intervals (DS,

DI, DI/DD, and DLPZ) corresponding to Model Layers 1 through 6. As described above, remediation of

impacted groundwater occurs between elevation 4,840 feet above msl (top of Model Layer 3) and elevation

4,600 feet above msl (bottom of Model Layer 6).

4.3 Deep Zone Aquifer Plume Characterization

Impacts to the Deep Zone Aquifer were characterized during preliminary investigations conducted prior to this

reporting period, and investigations conducted during this reporting period to support the design of the Deep

Zone Groundwater Remediation System. These investigations were used as the basis to delineate the extent of

the Deep Zone Plume.

Data from investigations conducted by other Potentially Responsible Parties (PRPs) (e.g., Univar, Texaco,

Chevron, ATA Pipeline, and others) at the South Valley Superfund Site indicate multiple sources may have

impacted the Deep Zone Aquifer. These data were summarized by the respective parties and provided to the

regulatory agencies in various reports. These impacts include chlorinated solvent compounds and petroleum

related compounds in both the unsaturated and saturated portions of the Deep Zone Aquifer. The other parties

at the South Valley Superfund Site have characterized plumes associated with these impacts under separate

agreements between those PRPs and the EPA Region VI and/or the NMED.
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For the purposes of this report, the Deep Zone Plume is that area described by dissolved phase chlorinated

solvents above ARARs in the saturated portion of the Deep Zone Aquifer between elevation 4,600 feet above

msl (bottom of Model Layer 6) and 4,840 feet above msl (top of Model Layer 3).

Numerous wells were installed to identify the boundary of the Deep Zone Plume. Based on the data collected

from numerous monitoring wells, the plume boundary was established. Figure 4-1 illustrates the locations of

the monitoring wells used to characterize the Deep Zone Plume. Figure 4-1 illustrates the wells with screen

midpoints at different depths associated with the groundwater flow model used to design the extraction and

injection system.

The lateral extent of the Deep Zone Plume is inscribed within the area between Broadway Boulevard on the

west boundary to Interstate 1-25 on the east boundary, and between Woodward Road on the north boundary

and Stockton Drive on the south boundary. Based on data collected from the wells within this boundary,

VOCs are not present in the groundwater from Well WB-07 above ARARs; other wells with no VOCs above

ARARs include HL-02, P83-08D and DMW-02. These wells were installed upgradient of the Deep Zone

Plume and hence, these wells are considered upgradient wells. Also based on data, VOCs above ARARs have

not been reported in samples from the Well P83-19 cluster. This well cluster is located downgradient of the

Deep Zone Plume and hence, this cluster therefore form the downgradient wells.

As noted in the 100 % Design Report, Deep Zone Ground Water Remediation System (Canonie, 1995), the

area of highest VOC concentrations within the Deep Zone Plume was located in the area of Monitoring Wells

P83-09D, and Westbay Well WB-01 screens (2), (3), (4), and (5). Samples taken from these wells from 1992

(initial sampling after well installation) until 1996 (prior to initiation of groundwater extraction in the Deep
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Zone) reflect the highest VOC concentrations throughout the area of investigation. Refer to Appendix E-l,

E-2, and Figures 4-17 through 4-25.

4.4 Deep Zone Groundwater Remediation System Description

The Deep Zone Groundwater Remediation System was constructed during 1995 and 1996 and operations

began in March 1996. The Deep Zone Groundwater Remediation System includes monitoring wells,

extraction wells, and a groundwater treatment system. Table 4-1 provides a list of the 3 extraction and

77 groundwater quality monitoring well points. Note that Westbay wells have multiple sample ports

associated with each well. For example, Westbay Well WB-04 has ports 1,2, 3,4,5, 10, 11, and 12 that are

sampled to monitor the effectiveness of the Deep Zone Groundwater Remediation System. Figure 4-1

illustrates the location of the wells and the treatment plant building.

The Deep Zone Groundwater Remediation System operates by extracting groundwater from three large

diameter extraction wells, and conveys this groundwater via dual-contained pipe to the treatment system

located on the northwest intersection of Woodward Road and the AMAFCA South Diversion Channel. The

extracted groundwater is brought into the treatment plant via separate pipelines and is then combined in the

influent tank. A linear phosphate (AquaMag™) is added to the water to prevent scaling of minerals during

treatment and injection. AquaMag™ is acceptable for use in drinking water and drinking water-supply

aquifers.

From the influent tank, the groundwater is then pumped through two air-stripping towers where the VOCs are

removed. This water then flows through two granulated activated carbon vessels for redundant treatment and

is then piped into a single effluent holding tank. From the effluent tank, the treated water is piped through a

filter system to remove particles, and then it is conveyed via a single-contained pipe to 10 injection wells

where it is returned to the Deep Zone Aquifer at the same elevation where it was removed. Carbon dioxide is

added to the treated water just after the filter system to lower the pH of the water. Monitoring wells are used
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to monitor the progress of the remediation in both the horizontal and vertical extent within and outside of the

plume boundary.

In addition to the treatment of the groundwater for remediation purposes, a potable water treatment system

was built inside the Deep Zone Groundwater Remediation System treatment plant. A portion of the treated

water from the effluent tank is diverted to provide a potable water supply for the facilities at the treatment

plant. The quantity of water diverted for this purpose is monitored, and a record of this is provided to the

State Engineers Office once per month.

A complete description of this system is provided in the 100% Design Report, Deep Zone Ground Water

Remediation System, Plant 83/General Electric Operable Unit, South Valley Superfimd Site, Albuquerque,

New Mexico (Canonie, 1995).

4.5 Performance of the Deep Zone Groundwater Remediation System

The performance of the Deep Zone Groundwater Remediation System was evaluated based on monitoring

data collected during the baseline event (April 1996) and subsequent events and include the following:

• Water-level monitoring in the extraction wells injection wells and selected monitoring wells

• Groundwater quality at the extraction and monitoring wells

• Effluent water quality monitoring of the groundwater treatment system

• Flow monitoring at each of the extraction wells, injection wells, and the combined flow of the
treatment system

In a letter to the EPA dated November 19, 1999, GEAE proposed several modifications to the water

quality sampling program of the Deep Zone Groundwater Remediation System based on historical

information collected to date. The EPA approved GEAE's request to modify groundwater quality

sampling from a quarterly to a semi-annual basis in a letter dated December 29, 1999 (Appendix G).
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Semi-annual sampling will coincide with the second and fourth calendar year quarters. This change in

protocol was implemented first quarter 2000. Also stated in the letter, groundwater level measurements

will continue to be collected on a quarterly basis, with reporting occurring semi-annually.

The following sections provide a summary of collected data, a comparison of data with time, and an

evaluation of the performance of the remedy.

4.5.1 Groundwater-Level Monitoring Data

Groundwater levels are measured at the monitoring wells, extraction wells, and injection wells to observe the

groundwater total head (total energy) fluctuations in response to operating the Deep Zone Groundwater

Remediation System. The design objectives of the Deep Zone Groundwater Remediation System include

hydraulic control of the Deep Zone Plume and flushing the VOCs from the Deep Zone Aquifer to meet

ARARs.

Appendix D provides a summary table of well completion information. Groundwater-level data and

hydrographs from conventional monitoring wells are summarized in Appendix C-l. The Westbay™

groundwater-level data and hydrographs are tabulated in Appendix C-2. Extraction and injection well

groundwater-level data and hydrographs are tabulated in Appendix C-3.

4.5.2 Groundwater Quality Data

Groundwater quality monitoring is performed for the purpose of obtaining accurate, representative,

complete, and comparable data for assessing changes in constituent concentrations, compliance with

discharge criteria, and performance of the groundwater extraction and treatment system. Data collection

activities for both the Plant 83 OU and the SJ-6 OU are specified in the Performance and Compliance

Monitoring Plan (Smith, 1996).
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The laboratory analytical results are used for the following purposes:

• Monitor the time-related changes of analyte concentrations in the groundwater

• Evaluate when analyte concentrations in the Deep Zone Aquifer are below ARARs

• Determine when the granulated activated carbon treatment units have become loaded with VOCs
requiring a change of carbon

During the sample events, groundwater quality samples are collected at the conventional wells,

Westbay™ wells, and piezometers listed in Table 4-1. A conventional well is a well that has only casing

and one screen interval and a Westbay™ well has one casing, but several screen intervals. A piezometer

is a well that has one casing and one screen interval but the screen interval is relatively short and is used

primarily for measuring fluctuations in the groundwater table.

The groundwater quality samples are analyzed for the VOCs listed in the Modified Method 8260 list, plus

1,2-dibromoethane (also known as ethylene dibromide or EDB) and Methyl tert butyl ether (MTBE).

This list is an extended EPA Method 8240 list amended to accommodate Method 8260 detection limits.

The compounds EDB and MTBE were added to monitor impacts to the groundwater Deep Zone Plume.

These compounds are specifically related to petroleum hydrocarbon compounds and petroleum storage

activities not associated with Plant 83 operations.

Table 4-2 provides a summary of the analytes, EPA methods, and reporting limits. On an annual basis

(i.e., during the second calendar year quarter), groundwater samples are also analyzed for inorganic

compounds and parameters using the EPA methods identified in Table 4-2.

Groundwater samples collected during the second calendar year quarter for the SJ-6 OU annual monitoring

event were analyzed for VOCs, inorganic compounds, and parameters shown in Table 4-2. VOC

concentration data with time for conventional wells that are a part of this monitoring program are shown in
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Appendix E-l. VOC concentration data with time for the Westbay™ wells that are a part of this monitoring

program are shown in Appendix E-2. VOC concentration data for the extraction and injection wells are

shown in Appendix E-3.

4.5.3 Treatment System Water Quality Data

During routine operations, treatment system compliance samples are collected to verify compliance with the

State of New Mexico discharge permit issued to GEAE on December 21, 1995. Compliance samples are

collected monthly, as required by the discharge permit, at the effluent Sample Port No. 425 (SP-425) of the

groundwater treatment system located between the injection filters and injection wells. As specified in the

PCMP (Smith, 1996), the monthly treatment system compliance samples are analyzed for VOCs, and the

inorganic compounds iron, manganese, and total dissolved solids (TDS). In addition, the compound EDB, is

analyzed by EPA Method 504.1 to a minimum detection limit of 0.1 ^ig/1 (or ppb) since its ARAR is 0.5 ug/1.

4.5.4 Flow Monitoring

Groundwater flow recovery from the extraction wells (influent to the treatment plant) and discharge to the

injection wells (effluent from the treatment plan) are monitored to:

• Assess hydrologic capture and contaminant removal performance of the remediation system

• Verify compliance with both the State of New Mexico Drill and Use Permit issued December 29,
1995, the State of New Mexico Permit to Appropriate Underground Waters issued January 24, 1996

Extraction and injection flow are monitored via totalizing flow meters located at the discharge line of each

extraction well, the inlet line of each injection well, and downstream of the potable water treatment unit. The

total flow from the extraction wells to the treatment plant and from the treatment to the injection wells is

recorded continuously during treatment plant operations by the Supervisory Control and Data Acquisition

(SCADA) computer control system. The total flow of effluent diverted to the potable water treatment system

is monitored continuously and recorded manually once per week.
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Plant 83 Operable Unit - Deep Zone Groundwater Remediation System

Table 4-3 summarizes the extraction well and injection well flows for each month and also provides a monthly

volume of water diverted from the Deep Zone Aquifer for remediation and sanitary purposes since the start-up

of operations. This table also indicates the average operational flow rate at each extraction and injection well.

4.6 Deep Zone Groundwater Treatment System Effectiveness

This section of the report provides an evaluation of the effectiveness of the Deep Zone Groundwater

Remediation System. The remedial design objectives for the Deep Zone consisted of three parts:

1. Provide hydraulic control of the Deep Zone Plume

2. Remediate impacted groundwater via flushing to concentrations less than the ARARs

3. Operate the remedial system to avoid detrimental effects to nearby remediation systems operated by
other PRPs that address impacts to the Deep Zone Aquifer.

Accordingly, the following elements were assessed to evaluate the effectiveness of the Deep Zone

Groundwater Remediation System:

• Groundwater elevations

• Contaminant concentration trends

• Treatment system water quality

• VOC mass extracted by the groundwater extraction and treatment system

• Flushing of the Deep Zone Aquifer within the area of extraction

These elements of the evaluation are presented in accordance with the PCMP (Smith, 1996).

4.6.1 Groundwater Elevation Trends

GEAE measured the depth to water in the conventional monitoring wells, piezometers, and

extraction/injection wells and recorded hydrostatic pressure in Westbay™ monitoring wells during the

baseline and subsequent groundwater monitoring events. Because monitoring wells are screened at various
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Plant 83 Operable Unit - Deep Zone Groundwater Remediation System

elevations throughout the Deep Zone Aquifer, groundwater elevation or potentiometric surface (total head)

contour maps were prepared for the four upper evaluation intervals. These intervals include DS - Model

Layers 1 and 2, DI - Model Layer 3, DI/DD - Model Layers 4 and 5, and DLPZ - Model Layer 6.

For comparison purposes, total head data were plotted in plan view for the baseline event in April 1996

(i.e., second quarter 1996 data). The second quarter monitoring events were chosen to give the same

temporal snapshots of the water-level conditions and to be consistent with previous reports.

1995 and 1996

Figure 4-2 illustrates the total head contours for Model Layers 1 and 2. Figure 4-5 illustrates the total head

contours for Model Layer 3. Figure 4-8 illustrates the total head contours for Model Layers 4 and 5.

Figure 4-11 illustrates the total head contours for Model Layer 6.

1997 and 1998

Figure 4-3 illustrates the total head contours for Model Layers 1 and 2. Figure 4-6 illustrates the total head

contours for Model Layer 3. Figure 4-9 illustrates the total head contours for Model Layers 4 and 5.

Figure 4-12 illustrates the total head contours for Model Layer 6.

1999 and 2000

Figure 4-4 illustrates the total head contours for Model Layers 1 and 2. Figure 4-7 illustrates the total head

contours for Model Layer 3. Figure 4-10 illustrates the total head contours for Model Layers 4 and 5.

Figure 4-13 illustrates the total head contours for Model Layer 6.

Note that the Deep Zone Groundwater Remediation System was operational in March 1996 and affects the

total head in Model Layers 3,4, 5, and 6. Accordingly, the contours shown for these intervals indicate the

effects of pumping from the 3 extraction wells and injection back to the aquifer via the 10 injection wells.
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Based on data collected to date, the Deep Zone Remediation System has maintained capture and mitigated the

migration ofgroundwater impacted with VOCs. As shown in Figures 4-6,4-7,4-9,4-10,4-12, and 4-13,

groundwater flow converges toward the extraction wells forming a capture zone of the VOC plume. In

reviewing these figures, the groundwater flows patterns in the extraction and injection wells have not changed

significantly since the system was started.

Based on these figures, there is hydraulic capture along the direction ofgroundwater flow eastward to

Interstate 1-25. Data illustrated in these figures also demonstrate hydraulic capture from the injection wells

along the north side of the plume proximate to monitoring well D-02, to the injection wells located on the

south side of the plume proximate to Monitoring Well WB-05. These recorded groundwater data confirm the

expected result predicted by the design groundwater flow model (Canonie, 1995).

4.6.2 Contaminant Concentration Trends

The preremediation extent of impacts to groundwater in the Deep Zone Plume and SJ-6 OU were delineated

in both the horizontal and vertical directions based on groundwater sampling results from May 1992 through

April 1996. These results have been published in previous reports and formed the basis of the Deep Zone

Groundwater Remediation System design (Canonie, 1995).

To assess the Deep Zone Groundwater Remediation System, results from second quarter 1995,1996,1997,

1998, 1999, and 2000 were compared. The second quarter 1996 results are preremediation and therefore,

provide a baseline for comparison purposes. During these reporting periods, the following compounds were

detected in the groundwater above their respective ARARs:

• TCE

PCE

• 1,1-DCE
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• 1,1-DCA

• 1,2-DCA

• Vinyl chloride

• Methyl tert butyl ether (MTBE)

No additional compounds were detected above their respective ARAR during this reporting period. The

compounds 1,2-DCA and MTBE are additives to petroleum products, and are not associated with Plant 83

operations. The compounds listed above have been detected above ARARs in the Deep Zone Plume area.

Data analyses indicate that since the startup of the Deep Zone Groundwater Remediation System, the VOCs

are declining both in concentration and in aerial extent. In addition, no VOCs have ever been detected above

their respective ARARs in the downgradient Monitoring Well P83-19 Screens U, M, and LR. Accordingly,

the Deep Zone Groundwater Remediation System is accomplishing another of its primary objectives

(i.e., hydraulic capture and flushing to reduce VOCs to levels at or below ARARs).

For consistency with the previous reports, the second quarter VOC data were selected for contouring and are

displayed on distribution maps and cross sections along the main axis of the plume. Figure 4-14 illustrates

pre-remediation 1995 and 1996 VOC concentrations in Model Layers 1 and 2. The remediation system does

not address VOC impacts in Model Layers 1 and 2. Impacts above model layer 3 are being addressed

separately by remediation systems operated by other PRPs.

Figure 4-17 illustrates pre-remediation 1995 and 1996 VOC concentrations in Model Layer 3. Figure 4-20

illustrates pre-remediation 1995 and 1996 VOC concentrations in Model Layers 4 and 5. Similarly,

Figure 4-23 illustrates pre-remediation 1995 and 1996 VOC concentrations in Model Layer 6.

3953847.01
09/15/00 O&M

Harding Lawson Associates 34



Figure 4-15 illustrates VOC concentrations in Model Layers 1 and 2 during 1997 and 1998. Figure 4-18

illustrates VOC concentrations in Model Layer 3 during 1997 and 1998. Figure 4-21 illustrates VOC

concentrations in Model Layers 4 and 5 during 1997 and 1998. Similarly, Figure 4-24 illustrates VOC

concentrations in Model Layer 6 during 1997 and 1998.

Figure 4-16 illustrates VOC concentrations in Model Layers 1 and 2 during 1999 and 2000. Figure 4-19

illustrates VOC concentrations in Model Layer 3 during 1999 and 2000. Figure 4-22 illustrates VOC

concentrations in Model Layers 4 and 5 during 1999 and 2000. Similarly, Figure 4-25 illustrates VOC

concentrations in Model Layer 6 during 1999 and 2000.

These figures also provide summary tables that compare each VOC concentration detected during the second

quarter events. Based on these figures, the aerial extent of the Deep Zone Plume is shrinking, and

concentrations ofVOCs have reduced significantly since the Deep Zone Plant became operational in March

1996.

To further illustrate the reduction ofVOCs in the Deep Zone Aquifer, Figures 4-26 through 4-30 illustrate the

VOCs detected above their respective ARARs in cross-section view for second quarter 1996,1997,1998,

1999 and 2000. As shown, these figures illustrate each of the VOCs detected above ARARs in the

remediation zone. Based on these figures, the cross-section extent of the Deep Zone Plume is shrinking, and

concentrations have reduced significantly since the Deep Zone Plant became operational in March 1996.

The following provides the most notable remarks about the presence ofVOCs in the Deep Zone Aquifer

before and after the Deep Zone Groundwater Remediation System became operational:
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• Model Layers 1 and 2:

Compounds detected in the groundwater sampled from monitoring wells included MTBE, PCE,
TCE, and 1,2-DCA. These compounds are no longer present above their respective ARARs in
2000. See Figures 4-14, 4-15, and 4-16.

• Model Layer 3:

Compounds detected in the groundwater sampled from monitoring wells in 1996 included PCE,
TCE, 1,2-DCA, 1,1-DCA, and 1,1-DCE. Compounds 1,2-DCA and 1,1-DCA are no longer
present above their respective ARARs in 2000. In addition, the aerial extent of the remaining
compounds has decreased from 1995 to 2000. See Figures 4-17, 4-18, and 4-19.

• Model Layers 4 and 5:

Compounds detected in the groundwater sampled from monitoring wells in 1996 included PCE,
TCE, 1,2-DCA, 1,1-DCA, 1,1-DCE, and vinyl chloride. Compounds 1,2-DCA and vinyl chloride
are no longer present above their respective ARARs in 2000. The aerial extent of the remaining
compounds has decreased from 1995 to 2000. See Figures 4-20, 4-21, and 4-22.

• Model Layer 6:

Compounds detected in the groundwater sampled from monitoring wells in 1996 included PCE,
TCE, 1,1-DCA, and 1,1-DCE. Compounds PCE and 1,1-DCA are no longer present above their
respective ARARs in 2000. The aerial extent of the remaining compounds has decreased from
1995 to 2000. See Figures 4-23, 4-24, and 4-25. 1,2-DCA was detected above ARARs in 1997
and 1998. Since 1998, 1,2-DCA has not been reported above its ARAR.

• VOC Contours in Vertical Cross-Section:

Figures 4-26 through 4-30 show the approximate VOC contours in vertical cross-section from
April/May 1996 through April/May 2000. The overall shape of the VOC plume appears to be
reducing in size. Additionally, from 1996 to 2000, vinyl chloride, MTBE, and 1,2-DCA appear
to have been reduced below their respective ARARs.

VOC concentrations over time were plotted for the Deep Zone Groundwater Remediation System monitoring

wells that are part of the Deep Zone Plume groundwater monitoring program. These time series plots are

included in Appendix E. VOC data are plotted for each well since sampling began at each respective well

location. Similar to the figures identified above, the plots indicate significant reduction of VOC

concentrations in monitoring wells.
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4.6.3 Treatment System Water Quality

Water quality samples are routinely collected and analyzed to verify compliance with the State of New

Mexico discharge permit issued to GEAE on December 21, 1995. Compliance samples were collected

monthly, as required by the discharge permit, at the effluent SP-425 of the groundwater treatment system

located between the injection filters and injection wells. Sample collection frequency and analysis were

conducted as prescribed in the PCMP (Smith, 1996). As required by the PCMP (Smith, 1996), the

compound EDB was analyzed by EPA Method 504.1 to a lower detection limit.

During the system startup, the compound MTBE was detected in the influent groundwater from the extraction

wells. This compound is a fuel additive (i.e., an oxygenating agent) in gasoline.

The presence of MTBE was anticipated in the design of the Deep Zone Groundwater Remediation System

(Canonie, 1995); however, the concentrations detected in the groundwater from the extraction wells were

substantially higher than those anticipated in the design. The anticipated average composite concentration of

MTBE was 13.7 ppb (Canonie, 1995). The average composite concentration of MTBE actually encountered

by the extraction wells during the first 3 months of operation was 61.9 ppb. The composite MTBE

concentrations ranged from 29 ppb to 160 ppb (BDM, 1997). As of June 1998, the MTBE composite

concentration was approximately 18 ppb. Figure 4-31 illustrates the influent concentration of MTBE with

time since the treatment plant became operational in 1996.

During startup, the treated effluent of the Deep Zone Groundwater Remediation System was rigorously

monitored for VOCs including MTBE. No VOCs had been detected in the treated effluent from the time of

system startup through July 8, 1996. However, GEAE noted the presence of MTBE in the treated effluent

samples beginning on July 8, 1996 (BDM, 1997). GEAE researched this issue and concluded that the MTBE
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was being stripped from the water by the air strippers, however, because the influent concentrations were

much higher than anticipated, the air stripper towers were unsuccessful in complete MTBE removal.

The Deep Zone Groundwater Remediation System uses carbon adsorption as a redundant treatment. In

discussions with carbon vendors, GEAE learned that the carbon was being loaded by MTBE. This provides

an explanation for detections of MTBE in the treated water effluent that began in July 1996. GEAE contacted

EPA Region VI regarding the presence of MTBE. Because the ARAR for MTBE is 100 ppb and the

concentrations of MTBE in the treated effluent from the carbon units have remained 10 ppb or less, the EPA

concluded that the treatment system was still in compliance with discharge requirements. Figure 4-32

illustrates the MTBE concentrations in the treated effluent from the treatment plant since the system was

started.

On one occasion since the Deep Zone Plant became operational, VOCs other than MTBE were detected in the

treated effluent sample. The compounds chloromethane and trichloroethene were detected at concentrations

of 2 and 1.2 ug/1 respectively in the treated effluent collected during the October 1999 compliance sample

event (SP-425). However, confirmatory samples contained no detectable concentrations of any VOCs.

Accordingly, this data is considered suspect. In addition, the concentration levels reported for these two

compounds, if valid, are significantly below their respective ARARs.

4.6.4 VOC Mass Extracted by the Treatment System

VOC mass removal is used to evaluate the Deep Zone Remediation System performance by quantifying the

cumulative mass of VOCs removed from the aquifer. The VOC mass removal by the system is calculated

based on the volume of treated groundwater and the average total VOC concentrations removed by the

treatment plant. Total VOC concentrations were computed as the sum of all detectable VOCs, of which the

most common were 1,1-DCA, 1,1-DCE, 1,2-DCA, MTBE, PCE, and TCE.
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Plant 83 Operable Unit - Deep Zone Groundwater Remediation System

Table 4-4 and Figure 4-33 summarize the mass ofVOCs removed by the Deep Zone Remediation System

since startup. Since the system was started, through June 2000 approximately 879 pounds ofVOC mass have

been removed. As shown on Figure 4-34, the influent concentrations of total VOCs and TCE (the most

prevalent VOC) have decreased with time.

4.6.5 Flushing of the Deep Zone Aquifer

To demonstrate the rate at which the Deep Zone Aquifer is being flushed, GEAE used the calibrated

groundwater flow model established for this site during design. GEAE operated the groundwater flow model

using the average rates for groundwater extraction and injection well rates as measured throughout the June

1998 through July 1999 reporting year, as input parameters. Since system startup, groundwater extraction and

injection flow rates have remained approximately the same. Accordingly, use of the 1999 reporting year data

is considered representative of groundwater flows since the system became operational.

The groundwater flow model had been calibrated previously using approximately the same groundwater

extraction and injection rates. A description of the model calibration was provided in the Revised Annual

Report, March 1996 through May 1997, Former Air Force Plant 83/General Electric and San Jose-6 Record

of Decision Operable Units, South Valley Superfund Site (BDM, 1997).

The groundwater flow model output was processed through a post-processor designed to calculate the pore

volumes flushed through each cell of the model. The output of the post-processor was then contoured for

graphical illustration. The approach and process are documented in the technical paper "Numerical Prediction

of Aquifer Pore Volume Flushing Rates for Remedial Design," (Sjostrom, et al., 1994). A copy of this paper

has been included in Appendix F.

Figure 4-35 illustrates the average pore volumes per year flushed through the groundwater flow Model Layers

3,4 and 5, and 6. As shown in this figure, flushing is pronounced (greater than three pore volumes per year)
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in the areas proximate to the extraction and injection wells. Flushing is less pronounced further from the

extraction wells and approaches one pore volume per year at the VOC plume boundary.

The pore volumes flushed in each layer as demonstrated in Figure 4-35 support the design concept. In the

design of the Deep Zone Groundwater Remediation System, more flushing was to occur in the areas of

highest concentration (i.e., near extraction wells) with lesser flushing in areas of lower concentration

(i.e., VOC plume boundary) (Canonie, 1995). Figure 4-35 confirms that flushing is occurring as designed.

4.6.6 Treatment Plant On-line Efficiency

Since system startup, the Deep Zone treatment plant has been fully operational 24 hours per day except for

routine maintenance and unplanned stoppages. Routine maintenance is conducted to avoid prolonged

unplanned stoppages due to equipment failure and/or to conduct plant inspections.

The unplanned stoppages since startup of the system were related to the following issues:

• High water levels in the injection wells

• Ice formation on the air stripper tower blower grates

• Repairs to the pumps in Extraction Wells EW-001 and EW-003

• Lightning that causes erroneous signals to the plant control room

• High winds that interfered with the air stripper blowers

Aside from unpredictable weather issues, regular inspection and maintenance has kept the treatment plant

operational. Through June 2000, the plant run-time has had an efficiency of 88.3 percent. Table 4-5 provides

a summary of run-time for the treatment plant.
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4.7 Overall Effectiveness and System Optimization

GEAE expended a significant effort during the design of the Deep Zone Groundwater Remediation System to

maximize the effectiveness of the system, in terms of maximizing capture and minimizing flow rate. During

the design, over 300 runs were made with the groundwater flow model to design the system and ensure

effectiveness.

GEAE has always looked for continuous improvements in the efficiency of the current system. GEAE has

rehabilitated injection wells and maintained other treatment plant equipment to reduce the amount of time the

system is down due to unplanned stoppages. In addition, GEAE has scheduled other maintenance while the

plant was already down to improve efficiency of the overall treatment system. GEAE will continue to explore

ways to make the system operate more efficiently.

4.8 Conclusions

The following conclusions were derived from data and observations collected to date regarding the Deep Zone

Groundwater Remediation System:

• A complete lateral capture zone has been maintained from the upgradient (i.e. near Monitoring
Well WB-07) eastward to 1-25 and north-south between the injection wells (Figures 4-6,4-9, and
4-12). A complete vertical capture zone has been created by pumping and maintained from an
elevation of 4,840 feet above msl to an elevation of about 4,600 feet above msl.

• The VOC plume has been captured by the Deep Zone Remediation System. Flushing continues
to reduce the extent and concentration of the VOC, plume.

• There have been no VOCs above ARARs in the downgradient Well Cluster P83-19. Accordingly,
the plume has been captured and migration has been mitigated (Figure 4-26 through 4-30).

• The treatment system has been effective in removing constituents to concentrations below the
ARARs, and water injected back into the Deep Zone Aquifer is in compliance with the applicable
discharge requirements. VOCs, with the exception ofMTBE, continue to be removed to below
detection limits by the treatment plant.

• Approximately 1.4 billion gallons of groundwater has been extracted, treated, and injected since
system startup through June 2000 (Table 4-3).
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• Since the system startup through June 2000, approximately 879 pounds ofVOC mass have been
removed (Table 4-4 and Figure 4-33).

• The Deep Zone Groundwater Remediation System has had an average on-line efficiency of
approximately 88.3 percent (Table 4-5).

• Flushing is pronounced (greater than three pore volumes per year) in the areas proximate to the
extraction and injection wells. Flushing is less pronounced further from the extraction wells and
approaches one pore volume per year at the VOC plume boundary (Figure 4-35).

Based on information compiled to date, the extraction and injection rates for the Deep Zone Remediation

System should remain unchanged and continue to follow guidelines for extraction and injection rates for

normal and contingency operations as presented in Table 4.1 of the Operation and Maintenance Manual

(Smith, 1997).
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5.0 OVERALL CONCLUSIONS

Overall conclusions for the remedial work conducted to date include the following:

Entire Site

• GEAE has fully investigated and characterized VOC impacts to the unsaturated and saturated
portions of the Shallow Zone Aquifer, including areas north of GEAE Plant 83 property boundary.

• The impacts due to dissolved phase VOCs in the saturated portion of the Deep Zone Aquifer have
been fully investigated and characterized.

Dense non-aqueous phase liquids have not been found in site investigations. In the unsaturated
portion of the Shallow Zone Aquifer, VOCs are present in the vapor phase; in the saturated portion of
the Shallow and Deep Aquifers, VOCs are present in the dissolved phase.

Unsaturated Portion of the Shallow Zone Aquifer

• Vapor phase VOCs in the unsaturated portion of the Shallow Zone Aquifer have been remediated to
regulatory cleanup levels and pose no threat to human health or the environment.

Saturated Portion of the Shallow Zone Aquifer

• The Shallow Zone Groundwater Remediation System has mitigated the migration of VOCs in the
saturated portion of the Shallow Zone Aquifer.

• Based on data collected to date, it is not feasible to eliminate the perched groundwater within the
saturated portion of the Shallow Zone Aquifer. Hence, flushing of VOCs will be the primary
mechanism by which VOC impacts to the Shallow Zone Aquifer will be remediated.

• Flushing via groundwater extraction continues to reduce the concentration of VOCs in the saturated
portion of the Shallow Zone Aquifer.

• During the second quarter 2000 sampling event, the compound 1,1-DCA was detected at
concentrations above its ARAR in Wells P83-02S, P83-03S, and SW-08 and in Extraction Wells
SEW-02, SEW-05, SEW-10, and SEW-11. Concentrations of this compound are below ARARs in
the other monitoring and extraction wells.

• During the second quarter 2000 sampling event, the compound 1,1 -DCE was detected at
concentrations above its ARAR in Wells P83-01S, P83-02S, P83-03S, and SW-08 and in Extraction
Wells SEW-02, SEW-03, and SEW-05. Concentrations of this compound are below ARARs in the
other monitoring and extraction wells.

• During the second quarter 2000 sampling event, the compound vinyl chloride was detected at
concentrations above its ARAR in Well SW-08 and in Extraction Well SEW-05. Concentrations of
this compound are below ARARs in the other monitoring and extraction wells.
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During the second quarter 2000 sampling event, the compound TCE was not detected above its
ARAR in any monitoring or extraction well of the Shallow Zone System.

The aerial extent ofVOCs above ARARs is reducing due to continued groundwater extraction.

Saturated Portion of Deep Zone Aquifer

• A complete lateral capture zone has been maintained from upgradient near Well WB-07, eastward to
1-25 and in the north-south direction between the injection wells. A complete vertical capture zone
has been maintained from an elevation of 4,840 feet above msl to an elevation of about 4,600 feet
above msl.

• The VOC plume has been captured by the Deep Zone Remediation System. Flushing continues to
reduce the concentrations ofVOCs within the Deep Zone Plume.

• There are no VOCs above ARARs in the downgradient Well Cluster P83-19. Accordingly, the Deep
Zone Plume has been captured and migration has been mitigated.

• The treatment system has been effective in removing all VOC constituents to concentrations below
the ARARs, and water injected back into the Deep Zone Aquifer is in compliance with the applicable
discharge requirements. VOCs, with the exception ofMTBE, continue to be removed to below
detection limits by the treatment plant.

• Since the startup of the system through June 2000, approximately 879 pounds of VOC mass have
been removed.

Closing Remarks

Overall, impacts associated with the Plant 83 OU and SJ-6 OU have been characterized fully and the

remedial systems that have been implemented have fully mitigated further migration ofVOCs. In

addition, the remedial systems have worked and are working as designed and are effective in protecting

human health and the environment.

The Shallow Zone Aquifer contains perched groundwater that is recharged by naturally occurring

precipitation and other potential sources. Hence, complete dewatering is unlikely. Data indicate flushing

is the primary mechanism by which the VOCs are being reduced to levels below their respective ARARs.

GEAE added another extraction well in the property north of the Plant 83 property boundary to increase

the system efficiency and further reduce the VOCs to levels below ARARs in that area. Similarly, GEAE
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added an injection well near the Shallow Zone Groundwater Treatment Plant so that the groundwater

extraction rate in the extraction wells can be maximized.

The Deep Zone Groundwater Remediation System is operating as designed, has maintained capture of

impacted groundwater in the Deep Zone Plume, and has reduced concentrations ofVOCs within the area

influenced by the remediation system. VOCs above ARARs have not been detected in any monitoring or

water supply wells downgradient of the remediation system. Accordingly, modification of the

remediation system is not warranted or recommended as a result of this review of system performance.

Going forward, GEAE will review cost-effective innovative technologies, consistent with the

requirements of the NCP, for further consideration which may enhance future system performance.

Based upon the data collected to date and analysis presented in this performance review, the GEAE

Shallow Zone Aquifer and Deep Zone Aquifer remedial systems are protective of human health and the

environment.
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6.0 ACRONYMS

Microgram per kilogram

Microgram per liter

1,1 -dichloroethane

1,1 -dichloroethene

1,2- dichloroethane

Albuquerque Metropolitan Arroyo and Flood Control Authority

Administrative Order

Applicable or Relevant and Appropriate Requirement

Below deep low-permeability zone

Canonie Environmental Services, Corp.

Comprehensive Environmental Response, Compensation and Liability Act

Deep deep zone

Deep intermediate zone

dense non-aqueous phase liquid

Deep low-permeability zone

Deep shallow zone

Ethylene dibromide

U.S. Environmental Protection Agency

Feet below ground surface

General Electric

General Electric Aircraft Engines

Hydrometrics and Geosciences Consultants Limited

Harding Lawson Associates

Interstate 25
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Kilogram

Mean sea level

Methyl tertiary butyl ether

National Oil and Hazardous Substances Contingency Plan

New Mexico Environment Department

Operable unit

Tetrachloroethene

Performance and Compliance Monitoring Plan

Former Air Force Plant 83/GE Operable Unit

Part per billion

Potentially Responsible Party

Resource Conservation and Recovery Act

Record of Decision

Supervisory Control and Data Acquisition

Silly clay layer

San Jose-6

Smith Environmental Technology, Corp.

Sample Port No. 425

Trichloroethene

Total dissolved solid

Vinyl chloride

Vacuum extraction system

Volatile organic compound
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ir;H£A;CAI- PREDICTION OF AQClrtR POM: VOUJHE FIUSH3NO RATES FOB BEMEDIAL OES;CN

J.W- 6jo»tTOBi', J.F. I-upo2, *nei J-W. Billiard1

Canc-r-ic rnvizonmcnt.al Servlcea Corp.. InglawooC, Ccloracto; Titan
Bni^rcnntcntB.l Ccrpcration, tnglcwood, colozatfo.

ABSTRACT

aquifer pcza voluait fluehir.g ratec mwy lx usea tc illustrate the range of
hydraulic control ano ettecrlvenBBB c( B rBoiodistion oycton. This p»p»r pr««»nf
a mpthod 1.0 numexically calculate pore •cluiw fluching ratee ueing a poot-
pioctBBor for the ttLr»«-atnicr.BiocBl finite difference grouad walez flof B>od«.l,
MOOPLOW- The poBt.-BzocBBBox coiBputee the pore -Bclumo fluahing rate t-nrougft cacn
cell of the modeled &rea. The pcre »cluBB fluehing rato in thon oontourBd •od
the rfnu^ting map la a useful •tod tor a practitioner >." cicai.qnl.ng reinealai
meaauf- froai the map, the prectiticner can identify .ircac of hl9B and low
flushing f'trn and, through Bi-b&fcuent. Bicn-lationa. fluBhmo throuqh tne areas
Of CGOceni aay be opt xmli«-c!.

To llluat-ratB the vfiulnroo of prfdicLing the difltri-hutior, of pore volume
fluahing ratae in two apd three aineneione tot daalan and optuniiaclon of
reinoeial aeaeurps, examplee are prwntid uning a iiuiBc îcal grouna water flow
modal. ProBi the ground water f^ow model output, tha nurebar vi pore volumes
fluetied tHrou9h the aquifer ByBtBa La ccxiiputpd far- a«vpral yrouna uacer flow
ocecarios in hc«oog«rro»r and hetcrcgenovin aiiin.fcrn under eteady atatc and
transient flow conditi.cna.

J:(IY»»UOUCTION

Ground water ccirtaBiination transport. ooaeliDg ie often used to Justify the
acBign and efficiency of ground watox OJiLractlon eyefna. To utilixa contaminant
txaircort. & cumber of paiairotcro muat be l.oenti.ried to account for the
oechaniBaa of adaorpeion, illBper»ion, odvcction< •uid dooay. Bowvex, en m*ny
altee, tbaaa paiiBBt.f are often not available or exist wll-n associated
uncertalntJ.ea. A uaalul toal that ia available (or pr-it-titioneca ia th«
c»lrii].ihian of pcre volume flushine xataa. The pore volume (luBhinq race can oe
uxeful to oeiBi-nn fche effactivncBB of a reae&iaeion ayein In fluDbing pcic
volwoo throiir)h an lapacted portion of tha aquif«r.

For relatively Bimple ••xpiifi-r ayeteoifi with hoaiogenouB cropartiee and linear
flow, aquifer pore volume flushing ratw ony be EBtimntrJ analytically- However,
«« the cooipl»xity of th* aquifer oystero incrpaeee with varying aquifer prwrtice
thrcughout the poroue medium and aquifer BtreeBeB af Int-roducBiJ, th« <)«ed fee
nunorloally predict the aquifer por« veluaM fluehing ratee incr<'-iaea.

H3t:hm<atieal Povolopmont

Tha yvaaral eoliationo uaod Co auaerically cocipuf per* vcluBf iluahing
ratee are Buiroariiod below. Coneiaer a control volume ot poroue aediua as shown
In figure 1. Tbe pore VCIUBB. FV, ef the control »OI»UBC lai



pv - <i>,A.xayA£

0 - frf^irctive pcrotity of the poroun medium, ana
J&X.^Q'.AZ = d.l-nieneicr.c cl tee control vcuunie.

—lit- pozc vcluine flusbir.s race out or the control volume, pva, in r.nnipnted •ci

PW - -^ (=)

"hero
C - total coiBtlnnB flow out o.f th«- control vcluac ifl l..1e x, y, and i
OiremoTiB.

-• 02 „

(JX

î  7

! U> •i

riqure 1. Coctrol Volua*

EquxtirinB 1 •na 3 nry be applied to •ach cell xn « rinitc difference Biodcl tO
cciinpute the cell By CB.L.I pore »cliiine fluehinc iatae. However* "hen tB« finif
differenc* modal, doec not conoiBt o* uniform cell dimenslone, it is more
appropriate to normalise tho equation* tc the dinennionB of • »p«c:ific cell io
tir model area. For instance, conB^der a Ilnlt» difference ccH witn oimenaxonB
Ax-, Ar", AZ •, wnieh will serve a* the cell to which por» volume fluohinq ratce
will be noraalixcd. For tile cell shown in riyure 1. the nonnallzed pore »olmnn,
P V , 1B:

<3)

The •lof ente^J-ug and ixltj-ng the coll ie BABO affected by call tiinienBion and
cast. •lac be normaliied. Tb» norm»liaed riowg 0 _ . Q' , ana o , 1,1 the »-, y-,
&nd z- dirce-tlonB respectivOly are;

' A^A2

wherB 0,, CL. ana Q, repreae«it tho actual flow out of the cell (or into ttr c»ll
if computing fluCtling into ths cell) IB l-he x-, y-. and »- ai-r̂ C îOBB
reBpecrlwely. By Bum&inq the fiowa Ctxuputad in ray-Clona 4, S, And 6 u>d
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diviriino toy the icrmalized pcre VD)mnc, th« nc^nis; .red per* voluinr fluehir.e rStP
rant o* *lr cell, PVn', iei i l l

^' . C x . - ^ ' O .pW - ——-JL—_1 n)
pv'

y".im-:-c»l Modc-1 Dpve 1 QptTp-nt

A poot-proceBBOr modulw for "he tftreo-dinienE-cnal grnnnd wear flo". mccci
flOUfLOM (McDona.l.d and Hart»i)'7h, 1988) wac developed 10 solve equatione 3 •r.rouct.
7 pxboentod atc^e for each cell 0^ S Unite difference ground wtez ^lo" icedel-
Sy reee^nci the MODFLOW, BaBic •cci BlooJi-Ccntered Flo» input filee, the number cf
aallo end ths Ctill dimenB^onB are ol>t*ineti. rioki t.l-rough •»ch ocli .1.0 ctTa-.ned
by roadinc the cell hy CBll flow output file pr-odufd by aoori-01'. T'oroeity, net
rciiuiref' By MCDn-CW for ;rouco u»ter ficm conipiitat^on«. ie ruqulrec: :cr pori-
volunw ccntput.atione. 'tr porooity i» read Irom an adCitlonaI file ccr-t-icinr;
pcroBity valucB for each cmoel cell created by the prac-tii^oAcr. After obLo-.r.ing
the r»duirBd input pBrinBidre, the pore volusn* *luehing rate by cell IE conipiitcd
and wfitfcfn to a l̂lo tor contourine and plotting ot Lho pore volumo Ilu»hing
ratoB by a contour p-cKaoc cuch ae SURPER (<C) Goiaen So'tware 19S°).

There arc c«i-t»in aoeurr.ptionB arid liiaitaticne In the poBt-pTOceennr modul*.
chonQr in BtoraffB ot rater within cells ia not oonoiderea in Lt>r pore volumo
flushing raf c»lculat^cnB. If the total ir.flau into a dll doea not equal the
LotoZ Slaw enll-l-nq the cell bacauac »tor«9ci io cignl;icant or the cell 18 a
bounriary condition cell, the mixlulc eelecce tne laroec bstween the inflow «nd
cutflcw for coniputinq tha pcre volume fluohing rcce in thBt- cell. Lastly, -10
proBent modu.I.e io liicitea to csniy confinea (i.e. *ully eaturated) l»yexc with

cni tniclcrrBe. Future tiKirlficatione 1.0 the nodule will more acequatoiy
1 •* c»ll otcragc and unconfined connisionc.

lunori.cal Stud'y Approach

To cBBeBB the t-f^»ctivencae of predicting the diatra-bution of Fore voluroi-
'lirhing rataB in t"r> antf throe dilncnoicnOr e cround water flow model ioz a
lypotbotlcal aquifn ByeteiB wae oevoloped- The si^sifar ia oonfinad end c-0t>elot»
'* ailty-Bandy Boil Ixcoioing more clayey -iLh depth. KCgional qround watnr flow
TOB nort^ to south was aBeumed with a hydraulic gridiont of 0.011. An ellt-ctive
•oroeity of 0.3 and 0-^ "aro oooumBd in l-bc Bilty-aanay Bnd clayey pcrtlonr of
-he aquifer fpectivoly. Tno horizontal hyriraulic conduc-tivity vafien i^cro 30
i/dcy i" the iTpp«r port-on of she aquifer- to 5 m/cay in cho lower portion of •h»
quifer. A eonerant vci—ical hydraulic (-onduc-tivily of 0..1 in/day »o» aeBuitOO
hroughont tif •gu.lj'or. Ac agu.iei: ntarage coelticiBnt of 0.01 use choeen.

Th« portion of the hypoc-hftical aquifer Byotom for vhich the ground "otor
low eyeteia waa conetrucn.ad la 1000 iinerc by 1000 KUter-B by 30 mcte-f eacp.
igur» 2 ebowo the ground >«ot«r flow ttoflel nrid, Tbs grid conaiat.* of ai rcwe
ad 41 columne and 3 layern- coluran and row widttie vazy fron 100 BteterB on thn
ie«e to 10 BiBtera near th« center 01 tA» raodieled arefl. Each 1-ycr io 1C iiiecer«
licit. To Bi-TulatB the regional siound wBtcr flo» IrosK noixh to Bouth, cocetant
••d boundary conditloir were acCigned to the ocrthem and •outhern boundariea.
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Kumnrical SinrulationB

To demonstrate hou the p""*:-p>-i"":<?iieor "indule computes porB voluoa fluthing
reitrB and the utility of identifying pore volunie flushing raiee to a pracclcionar
oovBrxl Bimi'l3tion8 were parfonncd. A •fdy •ft:*, l̂ -n««3- flow Bi-niul»tion is
first presented analytically and numerically followed by more complex eunulatlona
involving BToady •ff flow m • trtTogonoue aquitax, and an extraction woll ia
a homogeneouB aquifer. The tinal eiicuiatlon involves pr&flictUig pcre vduî
fliraing r«f< .Ln r««pont><» to oxtiactlon and Lnjootlon wollo uadcr tr-inniont
conditicna-

6linulat.ion 1 - Steaoy State l.tiiear Flow

T»»e Tiret ainiulatlon involved on<»-diTi"9neional steady etate with oo iapOBWl
aquifer otrcaoco. The predicted steady atece potcntioreetri.c aurface ae computed
by MODFLOW lot the ground water flow ByatBa daacribad above is ahown in Fl-Bur
3. Oning the cell By cell flow c.ar.iae p^o«lded by MOCFLOW, ioudi-1 cril dLmcaaioiH,
acd aguifar poroBity, tha pcxa volume flushing race for each Rcl.l in the modal
&c«a •ae deLefi&Lned unioa the poBt-proccsBor roodula. To demonetraf t-l»
importance of Donnaiizad porB voluae fluBfling T-ft.r-a "»'<?»i finite cell dinw'mn"
are nub uiilluno, both non-noxaalizwd and normalized pore volunie flushing rt—
were computed- llon-norma 1 ' ni-d pnrn volume fluBhi-ng rate* ar« pr«**nfd IJI rignJf
4 i"ur layer 1 of the inodwi.

To verify the numericaUy coapuced pore relume fluBhing rates ahoWD In
Figure 4. to» por« veluor flirtting r«to« «re computed analytically. From pi.gur»
3, the hydraulic gradient; ie approximately o.cil m/m- in the canfr o< tb"
mod-lad ax—, row, coluBin, and layor il.uncno.iono .ire 10 aeeaf. The cffooti'—
poroalty In fflcoel layer 1 la 0.3. Ocing-Darcy'B Law. the flow through tHi*
portion of the icodolcid oraa can fca eoapufd aa followa:

X J. A
"Here
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B " rate at ground water flo», B /day;
X • hydraulic conductivity - 30 »/dny for nodal layr l.
1 - ByarBUlic giadlenL - 0.011 n/a;
A = TSJ p«rp«ndlcular CD fl.ov s 10 n x 10 • • 100 B^

Therefora, -the flow, Q. lai 0 = 30 in/day » .01.1 «B/B a 100 B1 - 33 a'/day

PEOBI Bcuation 1 > the (mm vnlame cf th« c«ot»r call ia oaloulatod ao:

P V = 0 . 3 x l O a x l O u x a . O B > ° 300 • , or 300 » cf water Buec paoa
through fcfce cell fcr one can pore volu— •to be flushed.

from equation 2, tJip pcre flirhinq rate per year la:

PVR » (33 •'/day) / (300 B3/! PV) x 365.25 day/year = AO rv/year
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Cicrer tc the edge of the aodel, whwre thn row width ie 50 a ana the column
width la 10 a, the por» voluiBf fluehici; rato is 6 FV/year. Those ratco af« l̂ i
nSfenient with tee numericBlly pri»r<icfd pore volume flushing rates ebown In
Figure 4. Howver, in a hoxk-^rncruB a^uller under atearty Bftci conditions •1th
no lBipco«d aquiier •treeeee, the per* ^olmnc- fluahiaij rate auBt DC uniforai- Th«
axhicit.ed »axiatlon ic pore vcluroe fluBCl-nq ie due to the non-uniform grid oize
in the model. To otetaiA aBlform flushing, per* vtiliwe calculations Buer. b*
ocnaslixad. By nonna21 .t i oy the pore volume fli-ehioo r«t« in each c«Xl using
*<}uationB 3 ttirough 7 above, th<? peri volrtc fluaAJ-ng rate in each cell will b*
equal to 40 pv/ycar-

£iimal»tion 3 - neterogeowouB flguirer

The purpose ot aionilacion 2 ie to deeioratrBt* porr volume fluohInQ u ->
he-ftogencun aa\>ifar. The w«tern two-thiriJB of the laooflcd Bxea ia •iesun>*d to
hav a hydraulic conductivity ef 30 a/day .ind the oantcrn o.ie—LbinI of the
icodcleo area i« aeeui-Bd to have B conductivity ot 15 m/day. » nceady Btace
ground water llo— ailDulatioo vm perfcrneo ^llowod by ceaputaLloa of Clio ceil.
by cell pore -volume fluahing ratee. The contoured nonaaiî ed por» volune
flu«hi69 rateo &rc shown in riqure 5. On the wter" two-thifiiB of the moaeled
area uBcre tha hydraulic cOJMtucclvity AB higher, tBn flow in the aquifeJr la
hi.gho.r and aceordio^ly. the pore volume flushing rate ia hiqber.

fCRE VOIUMC FLL'SMINC RJtTE (Pv/YEAR)
0 100 SCO SOO

BOOt 900

3BOO . - M „/.,, s . >• «/*„ ''00 .;

SOO

zo-
0 300 600 100

DiSTANCt (.METERS)

yiguf 5. •of*ll*ll Port VOID— rln«bl««g Rat«« i-n BaeerogBaBouB AquXfr

siJBulation 3 - Extraction well

TIlit BioailaTion flfnoOBttBtca por» voluax fluoliUig ia reapon»a to •a
ertrartion well. A aimgis, fully penevratUiq extraction wall pulping »t SOO
•i /day waa placed ia •the canter of the. •odeifd area. weXi fwpage «&•
distributed to ••ch layer toy xexghting according to hydr.-ni.lic conductiTity aueb
tbBt the —lorily or the water IB b»ing withdra-d f̂ oin layer 1 (K " 30 B/day),
a laeaer amoun-t tror layei: 2 (K = IS iB/OByl and the iBaet amount froia l&yef 3 <K
• 5 .B/day). Steady etate flow coflditiona are e.i-mulatea.

The normalited pom »olumo flughing fatwB in layer 1 arc prenfntad i"
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Figure 6. To preccct pcrc volume fluchj-r-q In throe dl-Bx-nBionii. pcre volume
(lucliLl-ng r«teB tnrough * croea Bertico along the Kiddle row of the noael were
rent-cured in Figure 7. In ymal. pore velune fluehing rates a*c-x«aeo witA
depth hecauBB ot oofre&siiui hydraulic conductlTltlea i»ltli d»pth.
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Simulation t - TrifiBnt eiinulati&n

The final •JJnulafcioB la A Lron»leot fliniuKtioo uiTolvlng two •a-t-iaotion
wella on either aiae of aa injection wll. wcUa are •czet:a«d only in laye< 3.
Bach w+ractxon woU Ie txt-rBrtlJig BT SDO u /day •od ehe Injae-tioo bell la
lJil«ct.lag at lUOO in'/day, Raeulta for layer 1 after 1 hour and atter 10 daya
Bmce tha b îanXug cf operation are prBBftitAd ia TiourBB A and 9. Poro Toluae
flu«hXi>q racOB are • fucc-tion of tl—, acd the extant. o{ fICBhifig IJI layr 1
iccreMWS froa 1. hoar te 10 <3oy» at "tllcn fine etoady Bt-»te cooditionc ba'»e D—n
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COKCLCSIOBS

nuaacicaily coinputinq pore Toluiae fluahing raeea o»n be a oBaful coal to
a practitioner. Whui analyzing relatively aivpiv aquifer eygceaa (i.e.,
hOBtogenouB/lBOtt-opxc) malytlckl solutions •ra •••rily appliaa. Row«vx. In Bora
acrplax aquifara with propercr* rhicb vary apatially and riiroctionaliy alul with
the introduction of Itraaa— to the aquifer, it txcoara incxaaaingly nccccoary
to yrBdicn aquifer pore voluan fluahinq ratea nunorically.

pueura rviaiona fco fctw poat-proceeaor oooule uaclud* •odi.flc«tl.om to
iBCOZporaf •odBl layers with non-iuiifaxa top aad bolter •le-ratiJBDB and •CO
•ahance Kba •odule bo caBput* pore •voluae* through pazTUlly ••turated cella.
Plane alao include ravlaing the oodula to Bor appropri.at.cly cemlaer change ia
eel], ffcorage.

EXJTACMCZ

McDonald, M.C., and Barbaugh. A.W., 1908, •A Modular Thr«*-OiAea«loaal r.mi.C*
BitScrww around irecar fXow Modei,* TWBI. Book (, Chapter Al.
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Appendix G

U.S. Environmental Protection Agency's Approval
Letter regarding Monitoring Program Revisions



UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION 6

1445 BOSS AVENUE. SUITE 1200
DALLAS. TX 75202-2733

December 29,1999

Mr. Oscar Lackey
Environmental Heahh and Safely Manager
Qen«ral Electric Aircraft Engines
336 Woodward Road. SE
Mail Drop 26
Albuquerque, New Mexico 87102

Re: Proposed Monitoring Program Modifications at the South Valley Superfund Site

Dear Mr. Lackey:

Pursuant to the Design Review Commince meeting that was held OB August 26,1999. and
your lener request, dated November 19, 1999, the U.S. Environmental Protection Agency (EPA)
approves the modification of collecting groundwaxer quality dasa. from a quarterly basis TO a semi-
annual basis. la order TO ensure dsia consistency across the South Valley Superfund site, the
youndv«Ter quality daiav^ be coUeeted during Aeaecoijd and fourth quarters ofthe calendar year,
specifically, during die months of April and October.

Qrouodwater level measuremeaxs 'wSL connnua to be collected on a quartedy basis.
However, die groundwater level ineasureaents may be repofted to 1he EPA on a senu-annual basis
as well.

General Elecuic Aircraft Engines (GEAE) requested 10 continue to collect performance
samples at 25,000,50,000, and 60,000 gallon intervals from die primary carbon treatment vessel,
iwr »-̂ «r)y ̂  maf nnT at 60,000 gallons rather lhan continue the regmred Mmplpny fetpigngy ̂ f
every 5,000gallons once the 70,000 gallon interval has been reached and until hrealohrough occurs.
GE views this apiffoach as more cost effecaive than conthuing the frequemsatopluig that is c^^
required following the 60,000 gallon sample. The EPA approves this request.

The monitoring wells associated with the Shallow Zone are currently on, a MMTiiannyat
schedule for groundwater quality sampling. Therefore, the overall change to semi-annual Minptfng
for waiter quality data does-noi affectihese wells- However, there axe six Shallow Zone monitoring
wells that have had constituent concentrations reported as either non-detect or as beug below the
Applicable or Relevant and Appropriate Requirements (ARARs) since at least the third quarter of
1997. GEAE requested mat the following six wells be sampled annually for groundwaur quality
dan: P(3-05S. P83-13S.P13-15S, S-01, SMW-13, and SMW-14. The EPA approves this request.

GE also requested to discontinue inorganic sampling for the Shallow Zone. This was a
requirement imposed by the City of Albuquerque when GEAE was discharging Shallow Zone treated



water to the plain's cooling towers and ultimately to the City of Albuquerque sewer system. GEAE
has not discharged treated ShaUow Zone wau^tothe sewer system sm» the fourm quarter of 1997.
Since GEAE is in Ac process of obtaining Tfae necesscy approvals from the Slate ofNewMeadco
Environment Depanix»at(NMED) 10 install an injection well for the disposal of die Shallow Zone
water following trMunent, the EPA approves this request. If NMED should impose a requuenuat
for inorganic sampling of this water, GEAE will be required to amend the monitoring program to
comply-

• (̂  also rnfuested to disconuinugrotindwater quality sanqplia; of ̂ Westbaymoirn^
well WB-04. screens 10,11, and 12. This proposed change u based an the fact mat since the
implementation of the gioundwaaerxreaanent piDgrain, there has not been a detection of volatile
organic compounds (VOC) above the ARARs. OEAE also stated that the screen fflidpoioxs are ax
elevations between 3880.61 and 4131.21 ftet above mean sea level (amsl\ well below the.
remediation area of the deep zone, which exisB between 4660 and 4840 feet aasl. TheEPAdoes
aoi approve this request at the cuneot nine. These moniionng points are acting as down-graoieax
monitoring wells 10 ensuiethacchlonnatedsalvKixeoatKniî oaisootaugradng deeper. IfGEAE
ean provide inomtoiing infennanoB that show monitoring points above these dxree screens, but
below ihe eontamimnon, act as an eariy dotectioa system, «ea the EPA will be open to approving
this request.

If you have any questions concerning fhese issues, please contact me at 214-665-8317. or
e-rDmlmcsCt.lyssy.ytgory@epa.sov.

Susan Morris, NMED - Superfiind Oversight Section
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