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Section 1 

Introduction 

On behalf of Lockheed Martin Corporation, Tetra Tech has prepared the following Chemical 

Delineation and Groundwater Modeling Report for the southeast portion of Martin State Airport 

(MSA) in Middle River, Maryland. In accordance with the Maryland Department of the 

Environment's (MDE) requirements, subsurface soil and groundwater investigation activities were 

conducted to evaluate the extent of volatile organic compounds (VOC), metals, and petroleum 

hydrocarbons at the southeast portion of MSA. Several phases of subsurface investigation were 

conducted to delineate the extent of chemicals. Shallow soil samples and grab groundwater 

samples were collected during a delineation investigation program conducted in December 2001 

and January 2002. Deep, multi-level wells were installed at two locations and sampled in May and 

June 2002 to evaluate the vertical distribution of chemicals. Six pre-existing shallow monitoring 

wells were also sampled in June 2002. 

Data collected from this investigation, in conjunction with other historical site data, were used to 

support a groundwater modeling study for the site. Groundwater modeling was conducted to 

further understand groundwater flow conditions and evaluate potential migration of the existing 

chemical plumes. The study included development of a conceptual three-dimensional 

groundwater site model and numerical flow modeling to simulate the shallow groundwater flow 

system. 

The short-tenn objective of the chemical delineation and groundwater modeling is to establish an 

appropriate long-term monitoring well network. The long-term objective is to support future 

feasibility study and risk assessment efforts. The recommended monitoring well locations will be 

outlined under a separate Technical Work Plan. 
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This report is organized as follows: 

. Section 2 - Site Background: Presents a brief description of site history, soil and groundwater 

conditions, and description of the areas of investigation; 

. Section 3 Chemical Delineation Approach and Methodology: Presents the technical approach 

to the chemical delineation program, and a description of the field methodology employed: 

. Section 4 - Investigation Results: Describes the results of the investigation, and presents the soil 

and groundwater data collected; 

. Section 5 - Groundwater Flow Modeling: Discusses the conceptual approach to groundwater 

modeling and the input parameters used in the various models, and presents the modeling results; 

. Section 6 Conclusions: Provides conclusions derived from this subsurface investigation and 

modeling program; 

. Section 7 - References: Cites references used to compile this report; 

. Appendix A - Summary Data Tables: Summarizes analytical data collected during the chemical 

delineation program. 

. Appendix B MDE Correspondence: Includes MDE's letters approving the proposed 

Investigation and modeling activities. 

The data collected during the chemical delineation program are also outlined in two companion 

documents previously submitted to MDE: 

. Tetra Tech's Interim Data Summary Report, dated March IS, 2002, which summarizes the 

shallow soil and groundwater investigation, and 

. Tetra Tech's Interim Data Summary Report No.2, dated October 4,2002, which summarizes 

the installation and sampling of the monitoring wells. 

The interim reports contain appendices with soil boring logs, well purging forms, and hard-copy 

laboratory data reports. The interim reports should be referenced for this information. To reduce 

the volume of information provided in this report, the appendices have not been reproduced. 
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Section 2 

Site Background 

2.1 SITE lOCATION AND DESCRIPTION 

The MSA is located at 701 Wilson Point Road in Middle River, Maryland, and is bounded by Frog 

Mortar Creek to the east, Stansbury Creek to the west. Both creeks join into Chesapeake Bay at the 

south side of the airport. With surface water bodies surrounding most of MSA, the site can be 

considered a small pemnsula. The location of MSA is shown in Figure 2-1. 

Historically, MSA was owned and operated by the Glenn L. Martin Company from approximately 

1929 to 1975. Glenn L. Martin Company is the predecessor to Martin Marietta: Lockheed and 

Martin Marietta merged in 1996 to form Lockheed Martin Corporation. 

The area under investigation is located at the southeast portion of the MSA in Middle River, 

Maryland - see Figure 2-1. In July 1991, Maryland Aviation Administration (MAA) encountered 

four drums adjacent to Ta~iway Tango during trenching activities for the installation of an electrical 

cable. Based on the discovery of these buried drums, the surrounding area was investigated for 

potential impacts to soil and groundwater as outlined by MDE in their letters dated January 6, 1992 

and January 14, 1997 to MAA. In 1998, Lockheed Martin Corporation voluntarily agreed with MAA 

to perform a series of four tasks to investigate the southeast portion of MSA - see Section 2.3. 
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2.2 SUBSURFACE CONDITIONS 

2.2.1 GeoloQV 

Site lithology in the investigation area was interpreted based on soil borings completed during the 

subsurface investigations. Most soil borings were completed to depths of 25 feet or less. Two soil 

borings, DMWI and DMW2, were completed to depths of approximately 100 feet below ground 

surface (bgs). 

The uppermost 12 feet of soils consist of fill materials that were placed during construction of the 

airport during the 1950's. The fill materials are composed of heterogeneous layers of sands, silts 

and clays, with debris that includes concrete, scrap metal, brick, glass, and wood. 

Beneath the surficial layer of fill materials, the uppermost native soils are interbedded sands, silts, 

and clays, which occur to a depth of approximately 50 feet bgs within the investigation area. Very 

dense. cemented sands were encountered from approximately 50 to 95 feet bgs. Fine-grained 

materials, consisting primarily of clayey sand and high plasticity clay, generally occur between 95 

and 110 feet bgs, which is the maximum logged depth at the site. All native soils encountered to 

110 feet bgs are believed to be part of the Patapsco Formation. 

2.2.2 HvdroQeoloQv 

The uppermost water-bearing zone in the region is known as the Patapsco Formation. Available 

regional well log data indicate that the Patapsco Formation may extend to a depth of 

approximately 120 feet bgs beneath the site. The Patapsco Formation is underlain by the Arundel 

Formation, a thick red clay aquiclude. Regional lithologic information indicate that the Arundel 

Formation is approximately 120 feet thick and serves as the aquiclude overlying the water-bearing 

Patuxent Formation. Based on this information, the Arundel Formation may extend from 120 to 

240 feet bgs at the MSA site. 
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Eight groundwater monitoring wells are located within the investigation area. Six groundwater 

monitoring wells were installed from 1994 to 1996 and are generally screened within the top 30 

feet. Two deeper monitoring wells (screened to -100 feet bgs) were installed in May 2002 to 

characterize site geology and the vertical extent of groundwater impacts. The most recent 

monitoring well measurements (recorded in June 2002) documented groundwater at depths 

ranging from approximately 7 to 22 feet bgs. Since 1994 when momtoring commenced, 

groundwater levels in the wells have historically ranged from 6 to 22 feet bgs. Based on 

groundwater elevation measurements, flow direction is to the east toward Frog Mortar Creek. 

Further interpretation of groundwater flow patterns is presented in Section 5. 

Due to the site's proximity to Frog Mortar Creek, a standard tidal influence study was conducted 

on June 7, 2002. During the study, groundwater elevations fluctuated up to 0.31 feet due to tidal 

influence. Further discussion of the tidal study is presented in Section 5. 

2.3 DESCRIPTION OF HISTORICAL AREAS OF CONCERN 

From 1992 through 1996, MAA conducted several investigations at the southeast portion of Martin 

State Airport. Results of the investigations identified the four areas of concern. The four areas are 

shown in Figure 2-2, and are describes as follows: 

I) Taxiway Tango Median Anomaly Area - After removal of four buried drums in 

geophysical survey was conducted of the area adjacent to Taxiway Tango. 

anomalous zones were identified as potentially containing buried metal. 

1991, a 

Several 

2) Drum Area - During a previous investigation conducted at the site in 1996, several drums 

were uncovered during surface vegetation clearing. 

3) Two Existing Ponds - Based on historical records, acids may have been discharged during 

the 1950's and 1960's at the locations where two ponds currently exist. 

4) Petroleum Hydrocarbon Area - During a previous investigation conducted at the site in 

1996, petroleum hydrocarbons were encountered while drilling a soil boring. The petroleum 

hydrocarbon area is located approximately 200 feet northwest of the ponds. 
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2.4 SUMMARY OF PREVIOUS INVESTIGATIONS CONDUCTED 

BY LOCKHEED MARTIN CORPORATION 

Previous sampling and investigation tasks conducted at the site by Lockheed Martin Corporation 

consisted of: 

(1) Sampling existing groundwater monitoring wells in March 1999 

(Tetra Tech, May 1999); and 

(2) Source identification and assessment program at four areas of concern in 

March through May 2000 (Tetra Tech, September 2(00). 

2.4.1 Groundwater Monitoring Well Sampling 

The first evaluation of the site by Lockheed Martin was performed in March 1999 and consisted of 

sampling existing groundwater monitoring wells to obtain updated chemical data on groundwater 

quality, groundwater elevation, and flow direction at the southeast portion of Martin State Airport. A 

total of six monitoring wells (MW-1 through MW-6) and one piezometer (PZ-2) were sampled for 

chemical analysis. Trichloroethene was the only volatile organic compound (VaC) detected in five 

of the six monitoring wells and one piezometer above the Maximum Contaminant Level (MCL) 

specified by the U.S. EPA's National Primary Drinking Water Regulations. Monitoring well MW-5 

reported the highest concentrations of four VOCs (cis-1,2-dichloroethene, toluene, 1,1.1- 

trichloroethane, and trichloroethene) and two dissolved metals (beryllium and cadmium) above the 

MCLs. A detailed description of the groundwater sampling program is provided in the Final 

Groundwater Monitoring Survev and Sampling Report, dated May 18. 1999. 

2.4.2 Source Identification and Assessment Program 

The second investigation was identified as a Source Identification and Assessment Program and was 

performed from March through May 2000. Four specific areas were identified as having the 

potentjal to have released chemicals, and the investigation included a combination of excavations, 

localized trenching, drilling of soil borings, and sampling and laboratory analysis of soil, sediments, 

and groundwater. The four areas were identified as: I) the Taxiway Tango median anomaly area, 2) 
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a drum area, 3) two existing ponds, and 4) a petroleum hydrocarbon area. In total, eighty-three soil 

samples, twelve groundwater samples, and four sediment samples were collected for chemical 

analysis. VOCs, petroleum hydrocarbons, and metals were detected in the soil and groundwater 

during this investigation. Elevated concentrations of selected VOCs and metals were detected in the 

soil at each of the four areas, while only one VOC (vinyl chloride) was detected at the petroleum 

hydrocarbon area above the EPA Region III industrial soil risk-based concentrations used by MDE. 

Selected VOCs were also detected in the groundwater above their MCLs in the pond and petroleum 

hydrocarbon areas. Details are provided in the Final Source Identification and Assessment Report, 

dated September 29, 2000. 
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Section 3 

Chemical Delineation Approach 
and Methodology 

As presented in Section 2, chemicals (i.e., VOCs, metals, and petroleum hydrocarbons) were 

detected at elevated concentrations in soil and groundwater at the four areas of concern in the 

investigaÜon area. Note that, due to the proximity of the ponds and the petroleum hydrocarbon area 

to each other, they are treated as one area in this section. As a result, further evaluaÜon of the 

presence, concentration, and extent of chemicals in the groundwater was conducted through several 

phases of soil and groundwater sampling. The data were utilized in a groundwater fate and transport 

model to predict chemical migration patterns - see Section 5. 

The following secÜon describes the approach and field methodology to conduct this chemical 

delineation program. InvesÜgation activiÜes were conducted in accordance with Tetra Tech's 

Chemical Delineation and Modeling Work Plan, dated October 8, 2001, and revised Work Plan, 

dated November 28, 2001. The Work Plan was approved by MDE in a letter dated November 26, 

2001- see Appendix B. 

3.1 PROJECT OBJECTIVES AND APPROACH 

The intent of the chemical delineation program was to further assess chemicals detected in soil and 

groundwater at the southeast portion of MSA. The specific objecÜves were as follows: 
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I. EVALUATE LATERAL EXTENT OF CHEMICALS IN SOIL AND GROUNDWATER 

Taxiwav Tango Median Anomalv Area 

.,/ Detennine if groundwater has been impacted by VOC and metals impacted soils. 

.,/ Evaluate if any groundwater impacts have migrated down-gradient from this area. 

.,/ Assess the lateral extent of burned material identified during the source assessment. 

.,/ Delineate the extent of VOCs and metals in soil at three excavatIOn areas of the 

median. 

Drum Area 

.,/ Detennine if groundwater has been impacted by VOC and metals impacted soils. 

.,/ Evaluate if any groundwater impacts have migrated down-gradient from this area. 

.,/ Delineate the extent of VOCs and metals in soil at the drum area. 

Pond # I and Petroleum Hvdrocarbon Area 

.,/ Detennine the lateral extent of soil and groundwater impacted by VOCs, petroleum 

hydrocarbons, and metals. 

2. DETERMINE IF IMP ACTS ARE PRESENT AT PREVIOUSLY DISTURBED AREA 

.,/ At MDE's request, detennine if groundwater has been impacted by potential 

chemicals at the previously disturbed area, located southeast of the drum area. MDE 
requested investigation in this area based on information provided on historical aerial 

photographs. 

3. EVALUATE VERTICAL EXTENT OF CHEMICALS IN GROUNDWATER 

.,/ Detennine if chemicals identified in the shallow perched zone have migrated to 
deeper portions of the aquifer. 

.,/ Characterize geology to evaluate potential lateral and vertical pathways for chemicals. 

.,/ Identify fine-grained, low-<:onductivity soil layers that may potentially trap VOCs and 

metals. 

4. COLLECT DATA TO SUPPORT GROUNDWATER FLOW MODEL 

.,/ Collect geotechnical data at various locations of investlgation area. 

.,/ Conduct tidal study to record daily groundwater fluctuations in monitoring wells. 
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To attain the above-outlined objectives, a phased investigation approach was conducted and 

consisted of soil sampling, groundwater grab sampling, and monitoring well installatIOn and 

sampling. A detailed presentation of the sampling approach is provided in the Chemical Delineation 

and Modeling Work Plan. dated October 8, 2001, and revised Work Plan. dated November 28,2001. 

A brief description is presented in the following sub-sections. 

3.1.1 Phase 1 - Shallow Soil and Groundwater Investigation . 

Soil and groundwater grab samples were collected to define the extent of chemicals in the shallow 

subsUlface around the investigation area. Groundwater samples were collected to determine the 

extent of chemicals in shallow groundwater (generally within 25 feet bgs). Soil sampling was 

conducted for both chemical and geotechnical testing to support the groundwater model. In addition, 

at MDE's request, visual inspection of soil cores was conducted to evaluate the extent of burned 

material within the Taxiway Tango median area. The investigation program was coordinated with 

the MAA to ensure that no sampling locations were placed near runways or other restricted areas. In 

addition, the presence of dense vegetation limited the availability of sampling locations near Frog 

Mortar Creek. All sampling locations are shown in Figure 3-1. 

3.1.2 Phase 2 - Installation of Deep Monitoring Wells 

In accordance with MDE's letter dated August 15, 200], Tetra Tech installed deep, multi-level 

monitoring wells at two locations to characterize the site geology and vertical extent of 

groundwater impacts. The well locations were identified after conducting the shallow 

groundwater investigation presented in Section 3.2. The wells were installed at the location where 

the highest concentrations of TCE and vinyl chloride were detected in the shallow groundwater 

investigation. Deep well DMWI was installed adjacent to groundwater sampling location PA-7, 

where TCE was detected at a concentration of 220,000 IlgIL. Deep well DMW2 was installed 

adjacent to groundwater sampling location PA-IS, where vinyl chloride was detected at a 

concentration of 27,000 IlgfL. The deep well locations were approved by MDE in an e-mail dated 

April 8, 2002. The deep well locations are shown in Figure 3-1. 
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The approach to well installation was to identify thick, low-conductivity soil layers that may contain 

higher concentrations of VOCs or other chemicals. The goal was to install and screen the wells in 

those zones, in order to detect potential chemicals through groundwater sampling. Lithologic 

characterization and on-site screening with a Photoionization Detector (PID) was used to help make 

this determination. 

Samples collected from the deep wells were analyzed for VOCs, total and dissolved priority 

pollutant metals, TPH, and SVOCs. In addition, groundwater samples were collected from the 

existing network of six monitoring wells as requested in MDE's letter dated August 15. 2001. The 

groundwater samples were analyzed for VOCs, total and dissolved priority pollutant metals, and 

SVOCs. 

3.2 FIELD METHODOLOGY 

3.2.1 Subsurface Obstruction Clearance 

Prior to initiating drilling activities, utilities were identified through a site clearance program. An 

underground utility location center (Miss Utiliry of Delmarva) was notified to identify the locations 

of all utilities (electrical, gas, water, communications, etc.) at the site. In addition. available as-built 

drawings were reviewed to identify and mark utilities. 

A geophysical survey was conducted to locate and mark all underground utility lines at the 

proposed sampling locations. A combination of electromagnetic resistivity I conductivity, line 

locating, and ground penetrating radar was used to assure that all proposed sampling locations are 

clear. Soil borings that required relocation due to subsurface obstructions were positioned as close 

as possible to the original location identified. 
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3.2.2 Direct Push Boring and Sampling Procedures 

During the Phase i lateral chemical delineation investigation, soil borings were completed using a 

hydraulically-powered Geoprobe system. The Geoprobe system is a direct push drilling method in 

which tools penetrate the subsurface using percussion energy. A bore sampler was used for the 

collection of discrete interval soil samples. Advancement of the probe was halted at the desired 

sample depth and the bore sampler was lowered inside the probe. The sampler was then pushed into 

the soil for sample collection. The system generates no soil cuttings during the push drilling process. 

The sampler was loaded with three clean, pre-washed stainless steel sample liners. The sample liner 

with the most recovery was delivered to the laboratory for chemical analysis. The other liners were 

used for head-space analysis and lithological logging. 

Soil samples collected for chemical analysis were immediately capped and placed in a cooler with 

blue-ice pending delivery to the analytical laboratory. Each sample liner was covered with tetlon 

sheets and capped with plastic end caps. A label was placed on the sample liner that includes a 

unique sample number, date and time that the sample was collected, name of the person handling 

the sample, and the specific analyses being requested from the laboratory. 

3.2.3 Collection of Groundwater Grab Samples 

Temporary wells were completed at each of the initial groundwater sampling locations. The 

temporary wells were used for a one-time groundwater sampling event, and not intended for long- 

term monitoring. 

The wells were completed with i-inch, Schedule 40, pve pipe that was screened across the 

appropriate sampling intervaL At each temporary well, a sand pack was placed in the annulus 

between the borehole and the pve casing. 
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Groundwater was purged and sampled from the wells using a low-flow, peristaltic pump. Purged 

water was stored in 55-gallon steel drums. In accordance with MDE's letter dated August 15,2001, 

each groundwater grab sample' location was inspected for the presence of free phase product. 

Samples were collected in laboratory-prepared containers and placed immediately in a cooler on 

ice pending shipment to the laboratory. 

3.2.4 Field Screening of Soil Samples 

Head-space analyses were performed as a field screening technique using calibrated organic vapor 

detectors. Each soil sample was placed in a sealed container and filled with an approximately 

equal volume of clean air. After being left at ambient temperature for approximately 10 minutes, 

the head-space in the container was analyzed using a Photovac Microtip photoionization detector 

(PID). The PID registers the concentrations of total organic vapors in the head-space, which is an 

indication of the presence of volatile organic materials in the soil. The head-space readings were 

recorded on field Jogs. The PID was calibrated every morning and periodically during the day as 

needed. 

3.2.5 Lithological Logging 

During the drilling program, a field geologist logged all boreholes using professionally accepted 

techniques and procedures in accordance with ASTM Method D2488-00. Soil samples were 

Jogged to describe the color, moisture, sorting, grain size, and any other pertinent soil 

characteristics observed. Soil color was determined by using MunseHTM Color Charts. Textural 

properties of the soil were determined by using tables specified in the ASTM method. Sorting was 

determined by observing the grain-size distribution. Grain size was determined by comparing grains 

of soil to a plastic grain-size chart produced by American Stratigraphic, Inc. Grains of soil were 

placed on the chart, which allowed the geologist to directly compare the grains of soil to pictures of 

grains that range in size from very course to very fine sands. All information was documented on a 

boring log form. 
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3.2.6 Laboratory Analysis 

A State of Maryland certified laboratory will analyze the soil and groundwater samples collected 

from the soil borings. A completed Chain-of-Custody form accompanied each shipment of samples 

to the laboratory to insure accountability for the samples from the time of collection to the time they 

are analyzed. The laboratory analyses used for the samples are summarized in Table 3-1. 

Table 3-1 

Laboratory Analyses 

Anal e 

Volatile Or anic Com ounds (VOCs) 
Priority Pollutant Metals 
Total Petroleum Hydrocarbons (TPH) 
- gasoline and diesel ran e 

Hexavalent Chromium 

SVOCs 

PCBs 1 Pesticides 

Anal ical Method 
EPA 8260B 

EPA 200.8/245.IA 
EPA 8015B 

EPA 7196A 
8270C 
8081A 18082 

Copies of Chain-of-Custody forms and hard-copy laboratory data reports are presented in Tetra 

Tech's interim data reports. 

3.2.7 Collection of Geotechnical Samples 

Geotechnical data were collected to establish parameters for the fate and transport modeling. The 

geotechnical samples were collected at depths corresponding to changes in major lithologic zones 

and analyzed for soil porosity, bulk density, moisture content, total orgamc carbon, and/or 

permeability. 

3.2.8 Equipment Decontamination 

A decontamination area and a clean zone were established at the perimeter of the restricted work 

zone for preparation and breakdown of sampling equipment. The decontamination area was 

established to contain decontamination rinsate solution for subsequent disposal. The 

decontamination staging area included 5-gallon buckets for decontamination of equipment. 
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Equipment in direct contact with the soil media was decontaminated using the following process: 

./ Loose dirt was brushed off with a steel-bristle brush in the decontamination area; 

../ Equipment was washed in a non-phosphate detergent solution using plastic scrub 

brushes; 

../ Following the detergent wash, equipment was rinsed with rap water; and 

../ As a final step, equipment was rinsed with distilled water and allowed to air dry. 

../ The clean equipment was transferred to the clean zone. 

./ Decontamination solutions were containerized for disposaL 

3.2.9 Borehole Abandonment 

The primary goal when closing each borehole was to insure a pathway is not created that would 

facilitate the deeper spreading of any chemicals which might have been encountered in shallow 

soils. All borings were abandoned by backfilling with bentonite chips or a concrete-bentonite 

slurry. 

3.2.10 Mud Rotary Drilling 

Prior to drilling and well construction activities, well pennits were obtained from MDE. The 

monitoring well borings were completed using a mud rotary drill rig filled with 8 or 12-inch 

tricone bit. Environmentally-safe drilling muds were circulated through the borings to cool the bit 

and stabilize the borehole walls. A split-spoon sampler was used to collect samples at S-foot 

intervals for on-site evaluation and lithological logging. 

Two 2-inch diameter well casings were installed at different depths in the same boring. The well 

casings were Schedule 40 with 0.02-inch slot well screen. The well casings extended above- 

ground and were sealed with locking caps. The annular space around each well screen was filled 

with No.2 coarse-grained silica sand pack. Approximately one foot of No. 00 fine sand was placed 

above the coarse-grained filter pack. At lease three feet of bentonite pellets was placed above the 
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fine sand. The remaining annular space was filled with cement grout. Each well was enclosed 

within a 4-foot high steel riser with locking cap. The wells were set over a 3-foot square concrete 

collar. 

Specific construction details of the wells (well lengths, screen intervals, etc.) are described in 

Section 4. Well construction logs are provided in Appendix B of Tetra Tech's Interim Data 

Summary Report No.2, dated October 4,2002. 

3.2.11 Well Development 

After approximately 24 hours, the monitoring wells were developed. Development consisted of two 

steps: (1) surging; and (2) bailing. Surging was performed by forcing water into and out of the 

screen. The surging settled the sand pack and removed silt that had potentially entered the sand pack 

or screen during the installation procedure. The well was bailed and pumped to remove any 

suspended sediment and other materials that may have been introduced into the well during the 

installation and surging process. Three well volumes were removed during the well development 

procedure. The wells were then left to settle and reach equilibrium for a minimum of 72 hours prior 

to collecting groundwater samples. 

3.2.12 Water Level Measurements 

Water levels in the monitoring wells were measured using a water level meter consisting of a 

liquid sensor attached to a measuring tape that was lowered down into the well until water is 

encountered. Water levels were measured be reading from the tape relative to the notch in the top 

of the well casing. Water level measurements for each well were recorded on field data logging 

sheets. 
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3.2.13 Well Purging and Sampling 

Groundwater samples were collected by first purging a minimum of 5 well volumes of groundwater 

and then allowing the water to recover to 80 percent of its original level. During well purging, field 

parameters including water temperature, pH, conductivity, dissolved oxygen, and turbidity were 

measured using a field water quality monitoring system. Stabilization of these parameters served as 

an indication of water representative of the formation, and their values were recorded on field data 

logging sheets. Well purging logs are presented in Appendix D of Tetra Tech's Interim Data Repon 

No.2, dated October 4, 2002. 

Groundwater samples were collected using dedicated disposable bailers (one bailer per sample per 

well). Prepared sample containers were provided by the laboratory prior to sampling. Water 

samples were collected with a clean Teflon bailer, placed in a cooler with ice and submitted to a 

State-Cenified laboratory for analysis. The analyses performed on the soil and groundwater 

samples are shown in Table 3-1 - see Section 3.2,6. 
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Section 4 

Investigation Results 

This section describes the results of the chemical delineation program. Hard copy laboratory data 

reports are presented in Tetra Tech's interim data reports, dated March 15 and October 4,2002. 

4.1 RESULTS OF SHALLOW INVESTIGATION 

The shallow investigation was conducted during December 2001 and January 2002. Exploratory 

borings were completed and soil and grab groundwater samples were collected to define the extent of 

chemicals and burned material in the subsurface around the investigation area. 

4.1.1 Summary of Groundwater Sampling Results at Taxiway 
Tango Median Area 

In order to determine if groundwater lias been impacted beneath and down-gradient of the the 

Taxiway Tango median area, a total of ten groundwater samples (TT-I through TT-IO) were 

collected - see Figure 3-1. Temporary I-inch wells were installed to depths of 13 feet to 20 feet 

below ground surface (bgs) for the collection of groundwater grab samples. 

A total of six VOCs and two metals were detected at concentrations above their corresponding 

Maximum Contaminant Level (MCL) specified by EPA's national primary drinking water 

regulations. Five SVOCs were detected, however, no MCLs are established for these compounds. 

Table 4-1 identifies each chemical that was detected above its MCL Complete summary analytical 

data tables are presented in Appendix A. Information regarding boring locations, soil boring logs, 

and laboratory data reports are presented in Tetra Tech's Interim Data Summary Report, dated 

March 15, 2002. 
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Table 4-1 

Taxiway Tango Median Area 
Maximum Concentrations of Chemicals Detected Above MCLs 

Type of Chemical Detected Chemical Detected MCL 
(1L!1L) 

Maximum 
Concentration (1L!1L)* 

Benzene 82 

Chlorobenzene 50.000 
Cis-1,2-Dichloroethene I, 700 

Toluene 1,300 

Trichloroethene 12 

Vinyl Chloride 7.900 
Metal Cadmium 47 

(EPA Method 200.8/245.1) Lead 46 
* Denotes the maximum concentration of the chemical detected in any of the samples collected in the Taxiway 

Tango Median Area 

VOC 
(EPA Method 8260B) 

5 

100 
70 

1,000 
5 

2 

5 

15 

4.1.2 Summary of Groundwater Sampling Results at Drum Area 

In order to determine if groundwater has been impacted beneath and down-gradient of the drum area, 

a total of fourteen groundwater samples (DA-l through DA-14) were collected - see Figure 3-1. 

Temporary ] -inch wells were installed to depths of 15 feet to 28 feet bgs for the collection of 

groundwater grab samples. 

A total of ten VOCs and two metals were detected at concentrations above their corresponding 

MCL. One SVOC was detected, however, no MCL is established for this compound. Table 4-2 

identifies each chemical that was detected above its MCL. Complete summary analytical data tables 

are presented in Appendix A. Information regarding boring locations, soil boring logs, and 

laboratory data reports are presented in Tetra Tech's Interim Data Summary Report, dated March 

15,2002. 
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Table 4-2 

Drum Area 
Maximum Concentrations of Chemicals Detected Above MCLs 

Type of Chemical Detected Chemical Detected Maximum MCL 
Concentration (f.lg/L) 

(l.ll!lL)* 
VOC 1.2-Dichloroethane 630 5 

(EPA Method 8260B) 1,I-Dichloroethene 1.200 7 

cis-l.2-Dichloroethene 160.000 70 

trans-I.2-Dichloroethene 2.100 100 

Ethylbenzene 2.200 700 

Tetrachloroethene 110 5 

Toluene 24.000 1.000 

1,1,l-Trichloroethane 1,100 100 

Trichloroethene 130.000 5 

Vinyl Chloride 4.600 2 

Metal Bervllium 10 4 

(EPA Method 200.8/245.1) Cadmium 28 5 
'" Denotes the maximum concentration of the chemical detected in any of the samples collected In the Drum Area 

4.1.3 Summary of Groundwater Sampling Results at Pond #1 and 
Petroleum Hydrocarbon Area 

In order to detennine the extent of chemicals in the groundwater at the Pond #1 and petroleum 

hydrocarbon area, a total of sixteen groundwater samples (PA-l through PA-16) were collected - see 

Figure 3-1. Temporary I-inch wells were installed to depths of 12 feet to 28 feet bgs for the 

collection of groundwater grab samples. 

A total of eight VOCs and three metals were detected at concentrations above their corresponding 

MCL. Four SVOCs were detected, however, no MCLs are established for these compounds. Table 

4-3 identifies each chemical that was detected above its MCL. Complete summary analytical data 

tables are presented in Appendix A. Information regarding boring locations, soil boring logs, and 

laboratory data reports are presented in Tetra Tech's Interim Data Summary Report, dated March 

15,2002. 
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Table 4.3 
Pond #1 and Petroleum Hydrocarbon Area 

Maximum Concentrations of Chemicals Detected Above MCLs 

Type of Chemical Detected Chemical Detected Maximum MCL 
Concentration (l'gIL) 

(ul!lL)* 

VOC Benzene 120 5 

(EPA Method 8260B) L2-Dichloroethane 6.100 5 

cis- L2-Didùoroethene 3Looo 70 

Ethvlbenzene L600 700 

Toluene 6,800 Looo 

Trichloroethene 2?0,OOO 5 

Vinvl Chloride 27.000 2 

Total Xvlenes 35,000 10,000 

Metal Antimonv 13 6 

(EPA Method 200.8/245.1) Arsenic 64 50 

Cadmium 94 5 
* Deuotes the maxunum concentratwn oj the chemu:al detected In any of the samples collECted at Pond #1 and 

Petroleum Area 

4.1.4 Summary of Groundwater Sampling Results at Previously 
Disturbed Area 

A total of six groundwater samples were collected throughout the previously disturbed area identified 

by MDE - see Figure 3-1. Temporary I-inch wells were installed to depths of 11 feet to 27.5 feet 

bgs for the collection of groundwater grab samples. 

Only two metals were detected above their corresponding MCL. Table 4-4 identifies each metal 

that was detected above its MCL. Complete summary analytical data tables are presented in 

Appendix A. Information regarding boring locations, soil boring logs, and laboratory data reports 

are presented in Tetra Tech's Interim Data Summary Report, dated March 15,2002. 

Table 4.4 
Previously Disturbed Area 

Maximum Concentrations of Metals Detected Above MCLs 

Metal Detected MCL 
(l'gIL) 

Maximum 
Concentration 

( 1* 

Be Ilium 17.8 4 

Cadmium 16.6 5 
* Dmoles the maximum concentratiOlI of the chemical detected ill any of the 

samples collected in the Preriously Disturbed Area 
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4.1.5 Summary of Soil Sampling Results 

A total of twenty soi I samples were collected for laboratory analysis. All twenty soil samples were 

analyzed for VOCs; nineteen samples were analyzed for total priority pollutant metals using EPA 

Method 200.8 I 245.1 and hexavalent chromium using EPA Method 7196A; seven samples were 

analyzed for gasoline. diesel, and residual range organics; and six samples were analyzed for SVOCs. 

Three metals were detected at concentrations above their corresponding MDE August 2001 Non- 

Residential Soil Clean-up Standard. No other chemicals were detected above the soil clean-up 

standards. Table 4-5 identifies each metal that was detected above its Non-Residential Soil Clean-up 

Standard. Complete summary analytical data tables are presented in Appendix A. Information 

regarding boring locations, soil boring logs, and laboratory data reports are presented in Tetra 

Tech's Interim Data Summary Report, dated March 15,2002. 

Table 4.5 

Summary of Soil Sampling Data 
Maximum Concentrations of Chemicals Detected Above Soil Clean-up Standards 

Maximum Non-Residential Soil 

Concentration Clean-up Standard 

(mg/kg)* (molko) 

Arsenic 6.2 3.8 

Mercurv 0.6 0.12 

Lead 1,974 400 
* Denotes the maximum concentration of the metal detected in any of the soil samples collected 

Metal 
Detected 

4.1.6 Visual Inspection Results for Exploratory Soil Borings 

As presented in the work plan and requested by MDE, a series of exploratory soil borings were 

completed throughout Taxiway Tango and around the perimeter of the area to delineate the lateral 

extent of burned material. A total of twelve exploratory borings were continuously cored to visually 

inspect the soil for the presence of burned material and waste disposal. Based on visual inspection of 

the soil, there was no signs of burned material or evidence of waste disposal. 
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4.1.7 Lateral Extent of Chemicals in Soil and Groundwater 

As outlined in Section 4.1.5, only three compounds (arsenic, mereury, and lead) were reported above 

MDE's non-residential soil cleanup levels. No organic compounds (VOCs, SVOCs. or petroleum 

hydrocarbons) were found above the soil cleanup levels. Figure 4-1 shows the locations of the 

samples that exceeded the soil cleanup leve.ls. 

Based on the data collected during the shallow groundwater investigation, a total of twelve VOCs 

and five metals were detected in groundwater above their MCLs throughout the investigation area. 

The chemicals were detected primarily at depths of less than 25 feet bgs. 

Chlorinated VOCs that were detected above MCLs include cis-I,2-dichloroethene (cis-I,2-DCE), 

trans-I,2-dichloroethene (cis-I.2-DCE), 1.2-dichloroethane (1,2-DCA). l,) -dichloroethene (1,1- 

DCE). I,I,I-trichloroethane (1,1,I-TCA), trichloroethene (TCE), tetrachloroethene (PCE), and vinyl 

chloride. Three chlorinated VOCs (TCE, cis-I,2-DCE, and vinyl chloride) were reported at 

concentrations exceeding 1,000 times their MCLs. Aromatic VOCs were also detected above MCLs, 

such as benzene, chlorobenzene, toluene, ethylbenzene. and xylenes, and were frequently found co- 

located with chlorinated VOCs. The highest concentration of any detected aromatic VOC was 

chlorobenzene at 50,000 ).lgfL, which is 500 times its MCL of 100 ).lgfL. The detected aromatic 

VOCs were generally found in the Petroleum Hydrocarbon Arca and the northwest portion of the 

Taxiway Tango median area. 

Antimony, arsenic, beryllium, cadmium, and lead were the only five metals detected above their 

respective MCLs. Cadmium was detected at the highest concentration of any metal above its MCL. 

Cadmium was detected at a maximum concentration of 94 ).lgll, which is about 19 times higher than 

its MCL of 5 ).lgfL. Cadmium impacted groundwater was generally found in the vicinity of the Drum 

Area. 

Overall, the primary chemicals of concern are TCE, cis-I,2-DCE, and vinyl chloride, based on 

detected concentrations exceeding 1,000 times their MCLs. Most other chemicals detected above 

MCLs were co-located with one or more of these three primary VOCs. Therefore, isoconcentration 

maps depicting the distribution of TCE, cis-I,2-DCE, and vinyl chloride throughout the investigation 

TETRA TECH: MARTIN 51 ATE AIRPORT, CHEMICAL OEUNEA lION AND MODELING REPORT PAGE 4-6 



area, are presented as Figures 4-2 through 4-4. In addition, Figures 4-5 and 4-6 show sampling 

locations where other chemicals have been detected above their respective MCLs. Figure 4-5 shows 

the locations where aromatic organics exceeded MCLs, while Figure 4-6 shows the locations where 

metals concentrations exceeded MCLs. 

As shown in Figures 4-1 through 4-3, four potential source areas are present at the site that have 

commingled to form one large VOC plume. Based on the lateral distribution of chemicals, the 

four major source areas appear to be: 

I) Plume 1, originating from the Drum Area; 

2) Plume 2, originating from the Petroleum Hydrocarbon Area; 

3) Plume 3, originating from former Excavation 1 of the Taxiway Tango median area; 

4) Plume 4, originating from former Excavation 2 of the Taxiway Tango median area. 

Figures 4-2 through 4-4 show that, while the chemical plumes have been partially delineated to the 

north, west, and south, the plumes have not been delineated to the east toward Frog Mortar Creek. 

Further investigation through monitoring well installation will be required to fully evaluate the 

lateral extent of chemicals in groundwater. 

4.2 RESULTS OF DEEP INVESTIGATION 

The objective of the deep wells was to determine if chemicals (primarily VOCs) identified in 

shallow groundwater have migrated to deeper portions of the Patapsco aquifer. Deep well DMW1 

was installed adjacent to groundwater sampling location PA-7, where TCE was detected at a 

concentration of 220,000 J.lg/L in the shallow groundwater. A second deep well, DMW2, was 

installed adjacent to groundwater sampling location PA-I5, where vinyl chloride was detected at a 

concentration of 27,000 J.lg/L in the shallow groundwater. The drilling, well construction, and 

groundwater sampling program was conducted during May and June 2002. 
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4.2.1 Construction of Well DMW1 

Drilling was conducted to a total depth of 102 feet bgs for on-site screening and lithologic 

characterization. Soil sampling conducted during drilling identified the following major lithologIC 

zones: 

0- 12 feet bgs: Fill Materials 

12 - 57 feet bgs: Interbedded sands, silts, and clays 

57 - 85 feet bgs: Very dense, well graded sand (occasionally cemented) 

85 - 102 feet bgs: Red clay 

Based on soil lithology, two monitoring wells were installed in the borehole, as follows: 

. DMWl-A, installed at a depth of 55 feet bgs, with a lO-foot screen interval from 45 to 55 

feet bgs. The objective of the well placement was to target the top of the dense sand zone 

to determine if chemicals have potentially been trapped above this low-conductivity zone. 

. DMWI-B, installed at a depth of 88 feet bgs, with a 5-foot screen interval from 83 to 88 

feet bgs. The objective of the well placement was to target the top of the red clay zone to 

determine if chemicals have potentially been trapped above this low-conductivity zone. 

Both wells were installed in the same borehole using 2-inch diameter, Schedule 40 rve casing. 

Steel surface casing was used to seal off the uppermost 15 feet of the borehole (a 10-foot thick clay 

zone occurs between 12 and 22 feet bgs). 

4.2.2 Construction of Well DMW2 

Drilling was conducted to a total depth of III feet bgs for on-site screening and lithologic 

characterization. Soil sampling conducted during drilling identified the following major lithologic 

zones: 
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o - 20 feet bgs: Fill Matenals 

20 - 60 feet bgs: Interbedded sands, silts, and clays 

60 - 95 feet bgs: Very dense, well graded sand (occasionally cemented) 

95 - III feet bgs: Sandy clay I clayey sand 

Based on soil lithology, two monitoring wells were installed in the borehole, as follows: 

. DMW2-A, installed at a depth of 60 feet bgs, with a lO-foot screen interval from 50 to 60 

feet bgs. The objective of the well placement was to target the top of the dense sand zone 

to determine if chemicals have potentially been trapped above this layer. 

. DMW2-B, installed at a depth of 95 feet bgs, with a lO-foot screen interval from 85 to 95 

feet bgs. The objective of the well placement was to target the top of the sandy clay zone I 

clayey sand zone to detennine if chemicals have potentially been trapped above this low- 
conductivity zone. 

Both wells were installed in the same borehole using 2-inch diameter, Schedule 40 PVC casing. 

4.2.3 Summary of Analytical Results 

One soil sample was collected from the bottom of each borehole for analysis of VOCs using EPA 

Method 8260B. A summary of the detected VOCs is presented as follows: 

DMWI-90 (collected at 90 feet bgs\ 

To I uene - 13 !lglkg 

cis-I ,2-Dichloroethene - 25!lglkg 

Trichloroethene - 290 !lglkg 

DMW2-11O (collected at 110 feet bgs) 

MtBE - 9 J.lglkg 

The deep wells and the six pre-existing shallow monitoring wells were sampled for chemical 

analyses in June 2002. Twelve VOCs and three metals were detected at concentrations above their 

corresponding MCL. Table 4-6 identifies chemicals detected in the wells above MCLs. Complete 

summary analytical data tables are presented in Appendix A. Cross sections showing the vertical 

distribution of the primary VOCs detected in the groundwater are shown in Figures 4-7 and 4-8. 
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Table 4-6 

Monitoring Well Sampling Data, Chemicals Detected Above MCLs 

MooltorlDo Well Ch<mi<al Delec:ted ColKUltratlon I..n_) MCL-;;;n:) 

DMWI-A Benzene 46 I 5 

Cadmium 1.200 , 5 

Carbon Tetrachloride 5 5 

1,2-Dicbloroethane 53 5 

l,l-Dichloroethene 34 7 

cis-l.2-Dichloroelhene 6.200 70 

Chromium 150 100 

TetIachloroethene 12 5 

Trichloroethene 9.000 5 

Vim'J Chloride 3.500 2 

DMWI-B Benzene 4ß 5 

Cadmiwn 390 5 

1,2-Oichloroethane 32 5 

1.1-Diehloroetbene 15 7 

cis.) .2-Dicbloroethene 4.500 70 

Tricbloroetbeoe 2.1!OO 5 

DMW2-A Benzene 21 5 

Cadmium 5 5 

t ,2-Dicbloroetbane 100 5 

l,l-Dichloroetheoe 32 7 

cis-l.2-Dichloroethene 1,800 10 

Tet:racbloroetbene 47 5 

t .2.4-Tricblorobenzene 540 70 

Trichloroethene 12000 5 

VinvlChloride 250 2 

DMW2-B Trichloroetbene 120 5 

Vinyl Chloride 3 2 

MW-I Triclùoroethene 320 5 

MW-2 B~llhnn 6 10 

Cadnùum 14 5 

Tricbloroetbene 19 5 

MW-3 cis. I ,2-DichIoroethene 510 10 

Trichloroethene 650 5 

VinvlChloride 36 2 

MW-4 Benzene 10 5 

VinvlCbloride 21 2 

MW-5 Benzene 81 5 

Cadmium 24 5 

1.2-Dichloroethane 110 5 

l,l-Dicbloroetheoe 690 7 

ds-l,2-Dichloroethene 110.000 10 

trans-I,2-Dichloroethene 1.100 100 

Tetrachloroethooo 21 5 

Toluene 2,800 1.000 

l,t.I-Trichloroethane 520 200 

1,1.2- Trichloroethane 11 5 

Trichloroethene 20,000 5 

VinYl Chloride 260 2 

MW-6 No chemicals detected above NA NA 

MUs 
NA-Na4:AppJiahIe 
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As shown in Table 4-6, chemicals were detected above MCLs in each of the deep well samples 

collected during the investigation, TCE was detected at a maximum concentration of 12,000 flglL 

in DMW2-A, collected at 55 feet bgs, Vinyl chloride was detected at a maximum concentration of 

3,500 flg/L in DMWI-A, collected at 50 feet bgs. The highest concentration reponed for any 

metal was cadmium, which was detected at 1,200 Jlg/L in DMW I-A. 
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Section 5 

Groundwater Flow Modeling 

Groundwater flow and fate and transport modeling was conducted to predict the groundwater flow 

in the investigation area. The objectives of this modeling effort were to (1) improve our 

understanding of the shallow groundwater flow system and potential migration of the existing 

chemical plumes; (2) select proper locations for additional groundwater monitoring wells based on 

the groundwater flow model, and 3) provide a tool to organize field data which may be used in 

future feasibility studies and risk assessments. The objectives and approach to conducting the 

modeling effort is outlined in MDE's letter dated November 22, 2002 - see Appendix B. 

5.1 MODELING APPROACH AND TOOLS 

The modeling effort consisted of three primary components: 

(l) Site Conceptual Model - A three-dimensional conceptual model was developed that 

simplifies field conditions and organizes and interprets the associated field data (e.g., 

chemical concentrations for delineating chemical plumes and quantifying chemical mass, 

groundwater elevations for deternùning groundwater contours, and shallow aquifer 

parameters, such as hydraulic conductivity, soil porosity, and' bulk density). 

(2) Numerical Groundwater Flow Model - Based on the site conceptual model, a three- 

dimensional numerical groundwater flow model was utilized to simulate the shallow 

groundwater flow systems. A particle tracking model was used to predict potential future 

plume movement. 

The site conceptual model was constructed using boring logs, soil parameters, and other site- 

specific information. The steady-state groundwater flow numerical model was calibrated based on 

field measurements of groundwater levels. The calibration is to establish that the model can 

reproduce field-measured heads and flows. Calibration was conducted by trial-and-error 

adjustment of the hydraulic conductivity. 
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Three computer modeling programs were used in this effort - MODFLOW, Argus ONE. and 

MODPATH. 

I) MODFLOW - Modular Finite-Difference Groundwater Flow Model (MODFLOW) was 

developed by the U.S. Geological Survey (USGS) to simulate common features In 
groundwater systems. Currently, MODFLOW is the most widely used program for 

simulating groundwater flow. MODFLOW 2000 (the latest version) was selected for the 

flow modeling. MODFLOW 2000 simulates groundwater flow in aquifer systems using the 

finite-difference method. A variety of features and processes such as rivers, springs, 

reservoirs, lakes, wells, evapo-transpiration, and recharge from precipitation and irrigation 

also can be simulated. 

2) Argus ONE - Developed by Argus Interware, Inc., Argus ONE is a model-independent 
Geographical Information System (GIS) for numerical modeling. Argus ONE acts as an 

interface between the conceptual model and numerical model. MODFLOW Gill was 

developed for Argus ONE. Argus ONE is a graphical user interface for MODFLOW. The 

interface simplifies the process of creating model input files. 

3) MODPATH - Developed by the USGS, is a post-processing program for MODFLOW to 

estimate !low paths in groundwater systems. MODPATH displays particle paths, and 

model features. 

5.2 SITE CONCEPTUAL MODEL 

5.2.1 Model Boundary Conditions 

The lateral boundaries of the shallow groundwater flow systems are illustrated in Figure 5-1. The 

shallow groundwater flow systems are bounded laterally by physical boundaries, at the bottom by 

the impermeable clay layer, elevation of -70 feet mean sea level (msl), and at the top by the water 

table. Frog Mortar Creek is a physical boundary due to the presence of surface water. The 

southern boundary of the model coincides with the centerline of the peninsula. The centerline of 

the peninsula is a natural groundwater divide that forms a no-flow boundary. The boundaries 

along the western side of the model were defined as hydraulic boundaries, in which specified 

heads were selected based on knowledge of the flow system. 
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5.2.2 Model Layers 

Based on the well boring logs, three layers of the aquifer were defined (See Table 5-1). The 

uppermost layer, Model Layer I, starting from elevation 15 feet ms! to -15 feet msl, has a 

thickness of 30 feet. Model Layer 1 was established at 15 feet ms! due to the possibility of 

groundwater elevations at the upper-gradient near the western side boundaries being higher than 

10 feet. Also, although the surface elevations in the investigation area may be below 15 feet msl, 

it is much easier to use a uniform layer than using a topographical map to define the thickness of 

the layer. This does not impact the modeling results in this application. Mode! Layer 2 of the 

aquifer was defined at elevation - i5 feet msl to -40 feet msl, and has a thickness of 25 feet. The 

bottom layer, Mode) Layer 3, was defined at elevation -40 feet msl to -70 feet ms!, and has a 

thickness of 30 feet. The impermeable layer was assumed at below elevation -70 feet ms!. 

5.2.3 Groundwater Elevations 

Eight groundwater monitoring wells are located in the area. Six groundwater monitoring wells 

were installed from 1994 to 1996. Two deep monitoring wells were installed in May 2002 to 

characterize site geology and the vertical extent of groundwater impacts. As part of the tidal study, 

groundwater elevation monitoring was conducted on June 7, 2002 over a J 2-hour period. The 

monitoring data is presented in Table 5-2. The data indicates groundwater heads fluctuate daily up 

to 0.31 feet due to tidal influence. Tidal influence is affected by the distance from Frog Mortar 

Creek to the wells and lithology surrounding the well screens. 

Table 5-3 presents measured groundwater head data from wells MW-J, MW-2, MW-3, MW-4, 

MW-5, MW-6, PZ-2, DMW1, and DMW2. The groundwater heads measured on February 22, 

1996 and March 16, 1999 have a similar range, 2.5 feet msl to 5.19 feet ms!. Groundwater heads 

measured on February 22, 2002 are significantly lower than the previous monitoring events with a 

range of 1.75 feet ms) to 3.25 feet ms!. The differences in groundwater head monitoring results 

may reflect seasonal changes in which higher groundwater head reflects groundwater flow in the 

spring and lower groundwater head reflects groundwater flow in the summer. 
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Site groundwater elevation contours were estimated using linear gradients. Contour estimates 

were based on well locations and groundwater heads measured on June 7, 2002. The contours of 

groundwater head with groundwater flow direction are shown on Figure 5-2. 

5.2.4 Model Aquifer Parameters 

Soil samples were collected dunng the installation of the deep groundwater monitoring wells 

(DMWI and DMW2) and the groundwater and soil investigation. Soil samples were used to 

determine characteristics, such as, dry bulk density, specific gravity, total porosity, and organic 

carbon content. The laboratory results of the soil analyses are summarized in Table 5-4. 

Parameters were grouped and averaged for the vertical layers of the model based on the soil 

characteristics. 

Retardation factors for the primary VOCs of concern, (i.e., TCE, cis-I,2 DCE and vinyl chloride) 

were estimated. Equations and parameters are presented in Table 5-5. 

In 1994, slug tests were conducted to estimate the hydraulic conductivity of the shallow water 

aquifer. Three tests were conducted at groundwater monitoring wells MW-l, MW-2 and MW-3. 

The results of the slug tests were 35.82 feet/day, 4.81 feet/day and 0.2 feet/day at MW-l, MW-2 

and MW-3, respectively. The slug test results (which are associated with the lithology around the 

well screens) were used to estimate hydraulic conductivity values for the conceptual model layers. 

5.3 NUMERICAL GROUNDWATER FLOW MODEL 

The USGS computer model, MODFLOW -2000, was applied for simulations of ground water flow 

and chemical fate and transport at the MSA site. Argus ONE was also selected to organize field 

data, develop the conceptual model, and pre- and post-process the data for running MODFLOW. 
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A numerical groundwater steady-state flow model was developed based on the conceptual model 

presented in Section 5.3. The major steps in the modeling process include specifying boundary 

conditions, designing the model grid, assigning parameter values, and calibration and verification 

of the model. 

5.3.1 Numerical Model Boundary Conditions 

The head or flux must be specified along the boundaries of the system. For the natura] physical 

boundary along Frog Mortar Creek, the specified head boundary condition was assigned to 0 feet 

msl. The natural groundwater divide (hydraulic boundary), located approximately at the center 

line of the small peninsula, is the southern, no-flow boundary of the model. Flux crossing the 

boundary is zero. Specified head boundaries were selected for the western boundaries of the 

model. Linear extensions of the groundwater contours were used 10 specify groundwater heads 

ranging from 0.5 feet msl to 10.0 feet ms!. The historical groundwater monitoring data illustrated 

that groundwater level changes seasonally. Specified head boundaries for the western boundary of 

the model may not be suitable for modeling the groundwater flow in other seasons. Nevertheless, 

the specified head boundaries can be used to produce a steady-state flow field for calibration 

purposes. 

Vertically, the shallow groundwater aquifer is an unconfined aquifer bounded by an impermeable 

clay layer (no-flow or no-leaky aquifer) at the bOllom (elevation -70 feet msl) of the aquifer and 

the water table at the lOp of the aquifer. 

5.3.2 Numerical Model Grids 

The horizontal plane of the grid was laid out as shown on Figure 5-3. The x-axis of the model is 

parallel to the center line of the peninsula. It is assumed that the x-axis and y-axis are collinear 

with the principal directions of the hydraulic conductivity tensor (Kx Kv). This is required when 

using MODFLOW. 
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The model dimensions of the horizontal plane are 4,800 feet (0.79 miles) in length along the x-axis 

and 2,350 feet (039 miles) in width along the y-axis. The grid covers an area of 260 acres. The 

effective model area covered by the grid is approximately 180 acres. 

The block-centered finite difference grid was used to discretize the model domain. The block size, 

25 feet by 25 feet, was used to cover the two small ponds and the area where the chemical plumes 

were studied by applying the fate and transport model. The remaining lateral area of the model 

domain was covered by a grid with the block size of 50 feet by 50 feet 

The numerical model vertical grid spacing was selected based on the conceptual model layers and 

the variability in aquifer properties. The top, middle and bottom layers are 15 feet msl to -15 feet 

msl; -15 feet msl to -40 feet msl; and -40 feet msl to -70 feet msl, respectively, 

5.3.3 Numerical Model Aquifer Parameters 

Hydraulic conductivity is the only aquifer parameter used for the steady state groundwater flow 

model. The boring log data organized in Table 5-1 illustrates that the lithology varies significantly 

across the investigation area. The heterogeneous lithology explains the locally variable hydraulic 

conductivities at the site. For a field scale application, a range of hydraulic conductivity values 

was assigned to each vertical layer based on the aquifer lithology. 

Hydraulic conductivity values ranging from 5 feet/day to 15 feet/day were assigned for the top 

layer. The top layer consists of a series of silt, sand, dense clay, and sand/gravel lenses. The 

lithology of the top layer is similar to that surrounding the well screen of MW -2, Based on slug 

tests, hydraulic conductivity values at MW -2 were estimated at 4.8 feet/day. 

Hydraulic conductivity values ranging from 30 feet/day to 40 feet/day were assigned for the 

middle layer. Compared to the top layer, the middle layer is composed of less clay and silt The 

middle layer's lithology is similar to that surrounding the well screen of MW-1. Based on slug 

tests, hydraulic conductivity values at MW -1 were estimated at 35 feet/day 
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Hydraulic conductivity values ranging from 50 feet/day to 70 feet/day were assigned for the bottom 

layer. Two boring logs, DMWI and DMW2, show that sand dominates the bottom layer. 

The aquifer layers are assumed to be isotropic media, which means K, = K, = K,. 

5.3.4 Numerical Model Calibration and Verification 

Model calíbrations were performed on a trial-and-error basis to produce a steady state flow 

characterized by the groundwater head contours presented on Figure 5-2. Hydraulic conductivity 

values were adjusted in sequential model runs to match calibration targets. The calíbration targets 

were based on the groundwater heads measured from the monitoring wells. The specified head 

boundaries of the western side of the model were also adjusted for the steady-state flow 

calibrations. 

Additional hydrogeologic characteristics of the síte were identified for model calíbration. Two 

small surface ponds, located in the investigation area, influence the groundwater gradient. Also. 

groundwater head contours with lower hydraulíc gradients were twisted swiftly. This suggests the 

physical presence of an area with high hydraulíc conductivity within the surrounding area. Third, 

the hydraulic conductivíty (or horizontal leakages) of the aquifer along the creek is relatively low. 

Lastly, historical engineering plans showed that a bay previously existed in the area of one of the 

small ponds. 

The calíbration was accomplished by finding a set of hydraulíc conductivity values and boundary 

condítions (See Figures 5-4, 5-5 and 5-6). The steady state flow model reproduced the distribution 

of the groundwater heads on Figure 5-7 The simulated heads at the monitoring wells are presented 

for a comparison to the field head measurements on June 7,2002 in Table 5-6. 
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Model verification was performed using the field head measurements from March 16. 1999 and 

February 22, 1996. These measurements represent the early spring season. A new set of specified 

heads for the western side of the model boundaries was selected. Without changing the calibrated 

hydraulic conductivity, the steady-state flow model reproduced the distributions of the 

groundwater heads (See Figure 5-8). The simulated groundwater heads produced at the 

monitoring wells from the verification model are presented in Table 5-6. 

Agreement between the simulated and field measured groundwater heads was made in the 

calibration process. The biggest difference detennined was 0.26 feet, which is of similar scale to 

the daily fluctuations due to tidal influence. 

In the verification process, the simulated and field measured groundwater heads were in agreement 

except at the location MW-3 (50 feet from PZ-2). The head at MW-3 is isolated from its vicinity 

aquifer due to less permeable clay deposition surrounding the well screen. The slug test confirmed 

the area's low hydraulic conductivity, 0.2 feet/day. Unlike other monitoring wells, the head 

monitoring during the 12-hour tidal study (See Table 5-2) showed no influence by tide. This 

suggests that the well is isolated from dynamic groundwater flow in the aquifer. 

5.3.5 Dynamic Average of Groundwater Flow Conditions 

In order to detennine average groundwater flow conditions, it was assumed that the seasonal 

average of heads represents dynamic average steady-state conditions. The dynamic average of the 

groundwater head is 4. I 6 feet msl, based on MW -4 head measurement of 3.I feet msl on 

September 7,2002; 5.19 feet msl on March 16, 1999; and 5.26 feet msl on February 22,1996. A 

set of specified heads for the western side boundary of the model was selected to reproduce the 

head at the level of 4.16 feet ms] at MW-4. Figure 5-9 shows the simulated distribution of 

groundwater heads. These groundwater flow conditions were used to represent dynamic average 

steady-state groundwater flow for long term studies of chemical mass plume transport. 
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5.3.6 Particle Tracking Model 

The MODPATH model was used predict the potential future plume movement based on particle 

flow prediction. Developed by the USGS, MODPATH is a post-processing program for 

MOD FLOW to estimate flow paths in groundwater systems. The particle tracking model was 

conducted to evaluate potential groundwater monitoring well locations along the flow path. The 

results of the modeling are shown on Figure 5-10. The particle movement pathways will provide 

the basis for proposed monitoring wells during the next phase of groundwater investigation. 
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Table 5.2 Groundwater Level Monitoring in 12-hour Duration at Martin State Airport 

Date: 6m2002 

Groundwater Monitoring Wells 

MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 DMW-1 DMW-2 

Time 
I 

Depth (II) Time 
, Depth 

Time 
I 

Depth (II) Time 
I 

Depth (II) Time 
I 

Depth (II) Time 
I 

Depth (Ill Time 
I 

Depth (II) Time 
I 

Depth (IIi 
(II) 

7:35 B.OEi 7:40 7.2. 7:36 8.9.:i~ 7:24 8.30 7:15 21.9f, 7:04 15.9~1 7:26 10.2" 7:17 21.30 

9:12 8.011 9:11 7.25 9:13 8.9.:i! 9:09 B.3~~ 9:06 22.OCI 9:0' 15.9Ei 9:10 10.2f\ 9:08 21.31 

11:12 8.0é~ 11:10 7.24 11:13 8.9~~ 11:07 8.3" 11:05 22.00 11:04 15.91;' 11:09 10.26 11:06 21.31 

13:12 8.02' 13:10 7.18 13:13 8.90 13:07 8.35ì 13:05 21.94 13:04 15.91 13:09 10.20 13:06 21.091 

15:13 8.00 15:11 7.13 15:15 8.90 15:09 8.33' 15:06 21.91 15:05 15.85 15:10 10.16' 15:07 21.00' 

17:14 7.9B, 17:12 7.13 17:16 8.9(!~ 17:09 8.2B 17:06 21.82 17:05 15.85 17:11 10.15, 17:08 21.02 

19:14 8.00 19:12 7.14 19:16 8.91 19:10 8.34 19:06 21.87 19:05 15.92 19:11 10.17 19:0B 21.07 

A\lElrage 6.03 7.19 8_91 8.32 21,93 15.91 10.20 21.16 

Difference between 
highest and lowest 0.1 0.12 0.Q2 0.1:17 0,18 0.11 0.11 0.31 
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Table 5-3 Field Measurements of Groundwater Heads 

6f7/2002 3/16/1999 212211996 8/15/1994 

Top ofPVC Depth to Ground Ground Water Depth to Ground Ground Water Depth to Ground Ground Water Depth to Ground Ground Water 
Welll.D. Elevatlon Ifeel) Water (feel) Elevation (feet) Water (feet) Elevation (feet) Waler (feet) Elevation (feet) Water (feet) Elevation (feet) 

MW.1 10.47 8.03 2.44 6.28 4.19 6.90 3.06 

MW-2 9.28 7.19 2.09 6.21 3.07 6.51 2.77 7.07 2.21 

MW.3 12.16 8.91 3.25 8.26 3,90 7,87 4,29 8,74 3.42 

MW-4 11.46 8.32 3.14 6.27 5,19 6.20 5,26 

MW.5 23.68 21.93 1.75 21.05 2.63 20.85 2.83 

MW.6 17.75 15.91 1.84 14,7 3,05 14.30 3.45 

PZ'2 12.13 Not Sample N/A 7.95 4,18 

DMW.1 11.95 10.204 1,746 

DMW.2 21.62 21.157 0.463 

Note: 

The top PVC elevation of MW.1 was 9.96 teet msl before a damage was observed May, 1999. 

It was used to determined the groundwater elevations measured on 8/15/1994. 
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Site Specific Data 

Total 

1"",....1tv .~~ OttiÐnll;Cl 

Gr,v c_ Toll' . 

SamakllO OeøcrlÞtlan 19;'em~ 'G(g/cm~ Pt:n'o.itv 1"1 

DMW.l/Hl-12' OrM"a8rown,Sanl1 ", j,381 ,2.65 0.479 " 

DMW.I'15-17') Ora cia 1.147 V>7 057G " 

DMW-1':l{I.32' White 10 lIoWbrO....f1,SIU sand LU2 2.66 0.522 " 

OMW.l'45.47' whlleela ....llhsaf1d~Bam 1,321 ,." 0.503 " 

OMW-l '55.57' Red- &~owO'own. .lIit saM 1.192 2.65 0.550 0.79 

OMW,I'80.B2' Whilll.silil.tlae sam' 1.225 229 0.465 , 

OMW.lflOO'\ RlItI. eliowbrOWflClay 1.329 2.(\8 0.504 ,., 

DMW.2Izn.22'1 Dar~n,a\lc!a\l '.022 2_55 0.614 " 

OMW'212!>.21'\ WtJilelQnalebfowncLw 1.278 2.85 a.SHI " 

DP.lW.2135-37' Yellown brown santl 1,105 '" 0.58.1 " 

OMW.2135.37' G.racla 1.221 "267 0.M3 0.94 

OMW.2IS5-57' Orane.sltil ,,'" 1.261 2.63 13.513 V 

OMW.2l95' Whilll,salld ,', 1328 266 O.!101 " 

OMW.2l110' a't1wntlav 1,344 2.16 0.318 1.2 

PA.2.GT.$C j,'!!2a 267 0,315 0.12 

PA3.GT.SC 1120 2.65 0,350 " 

PA.(ß.GT-5DC 1333 ,." 0480 1.32 

ÞA.16GT.PC 1506 '" 0.430. '''' 
S8.7-0T'55 1786 2.63 0320. '''' 

IAVerage 1348 G.48\ 1,363 '" 

.. 
Ij 
m 

?: 
" 

Table 5-4 Soil Parameters 

Averaae in Layer 

Bulk Don.1tv I..eìn~ TobilPoro. Toc'''' 

1!S'tø-15' -15'(0-40' -40'to-1O' 15'to.15' -1S'IQ.40' -40'to.10' 15'10.15' -15'to-4O' -40' to -70' 

138 '" 2,50 

115 0,57 1.70 

127 052 1.150 

132 050 1.'10 

119 055 OJ9 

123 0.48 '00 

1.02 061 UO 

1.28 0.52 1.20 

1.\1 {l,58 1,30 

1.22 0.5~ o û~ 

\,21"1 (1,51 ,,, 
\33 O,SO '" 

\,83 1.83 1.83 032 0.32 0,'32 ll.l? 012 012 

1.72 1.72 1.72 0,~5 0.:15 0:15 '" OW 010 

t.:lJ 1,:13 1.33 046 (Me '" 1.3:- I:);> 1.:12 

1,51 151 151 043 0-1.1 0.'\3 1(\1; 1M 11)/\ 

179 1.79 119 032 032 032 1,06 '''' '''' 

I I 1.41 L47 149 041 0'< 043 121 120 0112 



Table 5-5 Retardation Factor Estimates for the Mass Transport Model 

1m =l+K -Eìl 
d 

n~, 

Parameters Layer 1 Layer 2 Laver 3 

Elevation (msl) 15' to -15' -15' 10-40' -40' to -70' 

Thickness (ft) 30 25 30 

Bulk Density (Pb)(g/cm3) 1.41 1.47 1.49 

Effective Porosity' (n.) 
. 

0.28 0.32 0.29 

Toc ('Yo) 1.21 1.2 0.82 

Koc(mUg) 166 166 166 

TCE 
Kd 2.0 2.0 1.4 

Rd 9.9 11.1 8.2 

Koc{ml/g) 35.5 35.5 35.5 

cis-1,2-DCE Kd 0.43 0.43 0.29 

Rd 2.89 3.16 2.55 

Koc(mllg) 18.6 16.6 18.6 

Vinyl Chloride 
Kd 0.23 0.22 0.15 

Rd 1.99 2.13 1.81 

Note: 

Effective Porosity = Total Porosity - 0.15 

Kd = Koe x Toe 
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Section 6 

Conclusions 

Tetra Tech has completed a chemical delineation and initial groundwater modeling program for 

the southeast portion of MSA in Middle River, Maryland. Shallow soil samples and grab 

groundwater samples were collected during a delineation investigation program conducted in 

December 2001 and January 2002. Two deep, multi-level wells were installed and sampled in 

May and June 2002 to evaluate the vertical distribution of chemicals. Groundwater modeling was 

conducted using MODFLOW, MODPATH, and Argus ONE to further evaluate groundwater flow 

conditions and potential migration of the existing chemical plumes. Conclusions derived from the 

resuJts of the delineation and modeling effort are highlighted below: 

Primary Chemicals of Concern: Based on the data collected during the shallow groundwater 

investigation, a total of twelve VOCs and five metals were detected in groundwater above their 

MCLs tlrroughout the investigation area. The chemicals include: 

Volatile Organic Compounds Detected> MCLs Metals Detected> MCLs 

. cis-l,2-DCE 

. trans-I,2-DCE 

. 1,2-DCA 

. I,l-DCE 

. 1,1,I-TCA 

. TCE 
. PCE 
. Vinyl Chloride 

. Benzene 

. Chlorobenzene 

. Ethylbenzene 

. Toluene 
. Total Xylenes 

. Antimony 

. Arsenic 
. Beryllium 
. Cadmium 
. Lead 
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Three chlorinated VOCs (fCE, cis-I,2-DCE, and vinyl chloride) were reported at the highest 

concentrations of any VOCs detected during the investigation. Aromatic VOCs were also detecled 

above MCLs, such as benzene, chlorobenzene, loluene, ethylbenzene. and xylenes. and were 

frequently found co-located with chlorinated VOCs. The highest concentration of any detected 

aromatic VOC was chlorobenzene. The detected aromatic VOCs were generally found in the 

Petroleum Hydrocarbon Area and the northwest portion of the Taxiway Tango median area. 

Cadmium was detected at the highest concentration of any metal above its MCL and was generally 

found in the vicinity of the Drum Area. Most samples containing metals above MCLs were co- 

located with the chlorinated VOCs. 

During this investigation, only three compounds (arsenic, mercury, and lead) were reported above 

MDE's non-residential soil cleanup levels. No organic compounds (VOCs, SVOCs, or petroleum 

hydrocarbons) were found above the soil cleanup levels - see Seerion 4 for more detailed 

infonnation. 

Delineation or the Soil and Groundwater Chemical Plumes: The lateral distribution of 

chemical concentrations in groundwater indicate that four potential source areas are present at the 

site contributing to four primary groundwater plumes. These source areas and plumes are: 

I) Plume I, originating from the Drum Area; 

2) Plume 2, originating from the Petroleum Hydrocarbon Area; 

3) Plume 3, originating from fOlmer Excavation I of the Taxiway Tango median area; and 

4) Plume 4, originating from former Excavation 2 of the Taxiway Tango median area. 

While the four plumes potentially represent the primary souree areas, the chemicals have 

commingled in groundwater to create a larger combined groundwater plume. The plumes appear to 

be migrating along the down-gradient groundwater flow path from west to east toward Frog Mortar 

Creek. While the extent of chemicals in groundwater have not been delineated to the east toward 

Frog Mortar Creek, the plumes have been partially delineated to the north, south and west of the 

investigation areas. For example, data collected from samples collected south of the Drum Area 

(MW-2, MW-6, DA-2, DA-14). indicate that the southern extent of impacted groundwater is largely 

delineated. In addition, samples collected from monitoring well MW -4 reported relatively low 
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concentrations of chemicals, indicating that the northem extent of chemicals in groundwater have 

been partially delineated. However. samples collected from wells MW-l and MW-3 reported TCE 

concentrations above 300 I!gIL, which indicate that the western extent of impacted groundwater has 

not been fully delineated. 

GroundwaTer Elevation Fluctuations: Groundwater elevations throughout the investigation 

area have fluctuated approximately 0.3 feet above mean sea level (msl). The data indicate that 

seasonal groundwater elevations vary more than 2 feet and have likely created an associated smear 

zone throughout the investigation area. 

Vertical Extent ofVOCs: VOCs have been detected above their MCLs to a depth of 

approximately III feet below ground surface (bgs). Two deep groundwater wells were installed at 

the locations where the highest concentrations of VOCs had previously been detected at the site. 

While the vertical extent of VOCs have not been delineated, regional well log data indicate that 

the Patapsco Formation consists of interbedded sands, silts, and clays from the surface to a depth 

of approximately 100 to 120 feet bgs. The Patapsco Formation is underlain by the Arundel 

Formation, a thick red clay aquiclude which begins at approximately 100 to 120 feet bgs and 

extends to a depth of approximately 240 feet bgs. The Arundel Formation is reportedly 

approximately 120 feet thick and serves as the aquiclude overlying the water-bearing Patuxent 

Formation. 
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APPENDIX A 



Table 1 

Summary of Soil Analytical Results 

Sample 
Number 

Results of Chemical Anal ses 
SVOCs 

u Ik 



Table 1 

Summary of Soil Analytical Results 

Sample 
Number SVOCs 

u Ik 

. IC oroe ane: 
cis-1 ,2-0ichloroethene: 9 As: 3.7 
Methylene Chloride: 10' Cd: 63 
Toluene: 9 Cr: 386 
Trichloroethene: 1 Cu: 6,716 
Vinyl Chloride: 6 Pb: 821 

Acetone: 76 Hg: 0.6 
Ni: 358 
Se:701 
Ag: 60 
Zn: 3,284 

- IC oroe ane: s: 
cìs-1 ,2-0ichloroethene: 60 Cr:21 
trans-l ,2-0ichloroethene: 2 Cu: 17 
Methylene Chloride: 16' Pb: 16 
Trichloroethene: 30 Ni: 17 
Vinyl Chloride: 39 Se: 6.1 

Zn: 59 

, 
- IC oroe ane: s: 

cis-l,2-Dichloroethene: 607 Cr: 25 
trans-1 ,2-0ichloroethene: 8 Cu: 16 
Methylene Chloride: 15' Pb: 15 
Trichloroethene: 361 Ni: 20 
Vinyl Chloride: 21 Se: 11 

Zn:65 

PA-3-1 1 NO ND NO Methylene Chloride: 8' As: 1.8 NO 
Cr: 10 
Cu: 52 
Pb: 31 

Benzo(a}pyrene: < 4950 
Chrysene: < 4950 
Dibenzo(a,h}anthracene: < 4950 
4,6-Dinitro-2-methylphenol: < I I 700 
He.wchlorobutadiene: < 4950 
Hexachlorocydopelltadiene: < 4950 
N-Nitroso-di-n- ro lamine: < 4950 

NA 



Table 1 

Summary of Soil Analytical Results 

Sample Sampling Results of Chemical Analvses 

Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals Hex.Cr SVOCs 
(uo/ko) (maiko) (maiko) (ua/ko) (maiko) (maiko) (uolko) 

Ni: 38 
Zn:33 

PA-3-5 5 ND ND ND Methylene Chloride: 13' Cr: 7.1 Acenaphthene: 721 
Cu: 3.3 Anthracene: 140 
Pb: 3.7 ND Benzo(a)anthracene: 244 
Ni: 3.1 Benzo(b)nuoranthene: 640 
Zn: 15 Benzo(k)nuaranthene: 151 

Benzo(a)pyrene: 360 
Bis(2-ethylhexyl)phthalate: 106 
Chrysene: 1,163 
Dibenzofuran: 279 
Fluoranthene: 1,860 
2-Methylnaphthalene: 45 
Naphthalene: 90 
Phenanthrene: 291 

Pvrene: 1,000 
PA-16-1 1 ND ND ND Methylene Chloride: 7* As: 2.6 ND NA 

Trichloroethene: 2 Cr: 25 
Cu: 26 
Pb: 16 
Hg: 0.12 
Ni: 4.3 
Zn: 58 

PA-]ö-~ ~ ND 140 89 CIS-] ,2-Dlchloroethene: 1 ISO: 3.9 ND NA 
Methylene Chloride: 7' As: 2.9 
Trichloroethene: 4 Cd: 38 

Cr: 82 
Cu: 101 

Pb: 1,974 
Hg: 0.1 
NI: 49 
Ag: 4.6 
Zn: 1,197 

PA-16.10 10 ND 33 42 Methylene Chloride: 42' As: 2.1 ND Bis(2-ethylhexyl)phthalate: 104 
Naphthalene: 19 Cr: 154 Fluoranthene: 50 
Vinyl Chloride: 26 Cu: 17 Pyrene: 60 

Pb: 22 
Ni: 5.5 
Zn:27 



Table 1 

Summary of Soil Analytical Results 

Sample Sampling Results of Chemical Analvses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metais Hex. Cr SVOCs 

(uo/ko) (maiko) (maiko) (uo/ko) (maiko) (maiko) (uo/ko) 

PA-16-15 15 ND 16 ND cis-1,2-Dichloroethene: 4 As: 1.9 ND NA 
Methylene Chloride: g' Cr: 15 
Vinyl Chloride: 12 Cu: 14 

Pb: 17 
Ni: 6.8 
Se: 3.8 
Zn:35 

PA-16-20 20 260 ND ND Chlorobenzene: 1 As: 3.2 ND NA 
1, 1-Dlchloroethene: 5 Cd: 6.0 
cis-1,2-Dichloroethene: 233 Cr: 29 
trans-1 ,2-Dichloroethene: 3( Cu: 49 
Methylene Chloride: 10' Pb: 52 

Trichloroethene: 329 Hg: 0.1 
Vinyl Chloride: 23 Ni: 8.4 

Se: 7.9 
Zn:288 

'Detected in Method Blank 

ND = Not Detected Above Reporting Limits 

NA = Not Analyzed 

Italicized Font = Chemical Was Not Detected, However the Reporting Limit Exceeded the Corresponding MDE August 2001 Non-Residential Soil Clean-up Standa, 

Boldface Font = Chamical Was Detected Above the Corresponding MDE August 2001 Non-Residential Soil Clean-up Standard 

Standard Font (Non-Italicized end Non-Boldface) = Chamlcals Detected Above Reporting Limits 



Table 2 

Summary of Groundwater Analytical Results for Taxiway Tango Median Area 

Sample Sampling Results of Chemical Analyses 
Number Depth vacs Metals svacs 

(feet) (ug/L) (ug/L) (ug/L) 

TT-1 18 Benzene: 82 ND NA 

Carbon Tetrachloride: < 10 
1,2-Dibromo-3-chloropropane: < 10 
1,2-Dichlorobenzene: 5 

l,2-Dichloroethane: < 10 
l,l-Dichloroethene: < 10 
1,2-Dichloropropane: < 10 
Ethylbenzene: 210 
Isopropylbenzene: 24 
p-Isopropyltoluene: 7 

Methylene Chloride: 36' 
Naphthalene: 5 

n-Propylbenzene: 12 

Tetrachloroethene: < 10 
Toluene: 10 

1,I,2-Trichloroelhane: < 10 
Trichloroethene: 2 

1,2,4- Trimethylbenzene: 120 

1,3,5- Trimethylbenzene: 24 
Vinyl Chloride: < 10 
Total Xylenes: 460 

TT-2 20 1,2-Dichloroethane: 5 Pb: 46 Fluorene: 2 

Ethylbenzene: 3 Ni: 88 2-Methylnaphthalene: 2 

Methylene Chloride: 2' Zn: 120 Naphthalene: 4 

Toluéne: 2 Phenanthrene: 2 

Trichloroethene: 1 

Total Xylenes: 1 

TT-3 14.5 Benzene: < 500 ND NA 

Cathon Tetrachloride: < 500 
Chlorobenzene: < 500 
1,2-Dibromo-3-chloropropane: < 500 
l,4-Dichlorobenzene: < 500 
1,2-Dichloroethane: < 500 
1 I-Dichloroethene: < 500 

TT-3 
(continued) 

ICiS-1.2-DiChloroethene: 1,700 

Irans-I,2-Dichloroetbene: < 500 



Table 2 

Summary of Groundwater Analytical Results for Taxiway Tango Median Area 

Sample Sampling Results of Chemical Analyses 
Number Depth VOCs Metals SVOCs 

(fee!) (ug/L) (ugIL) (ug/L) 

I,2-Dichloropropane: < 500 
Methylene Chloride: 380' 
Styrene: < 500 
Tetrachloroethene: < 500 
Toluene: 1,300 

I,2,4-Trichlorobenzene: < 500 

I,I,/-Trichloroethane: < 500 

1,/ ,2-Trichloroethane: < 500 
Trichloroethene: < 500 
Vinvl Chloride: 6,200 

TT-4 13 Benzene: < 500 NO NA 

Carbon Tetrachloride: < 500 
Chlorobenzene: < 500 
I.2-Dibromo-3-chloropropane: < 500 

I.4-Dichlorobenzene: < 500 
I.2-Dichloroethane: < 500 

I, I -Dichloroethene: < 500 
cis-1,2-Dichloroethene: 470 

trans-I,2-Dichloroethene: < 500 

I,2-Dìchloropropane: < 500 
Methylene Chloride: 390' 
Styrene: < 500 
Tetrachloroethene: < 500 
Toluene: 360 

I.2,4-Trichlorobenzene: < 500 

1,I.I-Trichloroethane: < 500 

I,I.2-Trichloroethane: < 500 

Trichloroethene: < 500 
Vinyl Chloride: 7,900 

TT-5 14.5 Benzene: < 5000 
Carbon Tetrachloride: < 5000 
Chlorobenzene: 50,000 

l,2-Dibromo-3-chloropropane: < 5000 

NO Atrazine: < JO 

Benzo(a)pyrene: < 10 
2-Chlorophenol: 6 

Hexachlorobenzene: < 10 



Table 2 

Summary of Groundwater Analytical Results for Taxiway Tango Median Area 

Sample Sampling < Results of Chemical Analvses 
Number Depth VOCs Metals SVOCs 

(feet) (ug/L) (ug/L) (ug/L) 

1,2-Dichlorobenze.e: < 5000 Naphthalene: 4 

1,4-Dichlorobenzene: < 5000 Pelllachlorophenol: < 25 

1.2-Dichloroethane: <' 5000 
1,I-Dichloroethene: < 5000 
cis-l,2-Dichloroethene: < 5000 
trans-l,2-Dichloroethene: < 5000 
1,2-Dichloropropane: < 5000 
Ethylbenzene: < 5000 
Styrene: < 5000 
Tetrachloroethene: < 5000 
Toluene: < 5000 
1,2,4-Trichlorobenzene: < 5000 

1,1,1- Trichloroethane: < 5000 
1,I,2-Trichloroetha.e: < 5000 
Trichloroethene: < 5000 
Methylene Chloride: 2,500' 
Vinyl Chloride: < 5000 
Total Xvlenes: < 15000 

TT-6 16 Benzene: < 500 NO 

Carbon Tetrachloride: < 500 
Chlorobe.zene: < 500 
1,2-Dibromo-3-chloropropane: < 500 
1,4-Dichlorobenze.e: < 500 
1,2-Dichloroethane: < 500 
1,I-Dichloroethene: < 500 
cis-1,2-0Ichloroethene: 1,000 

trans-l,2-Dichloroethene: < 500 
1,2-Dichlorooropane: < 500 

TT-6 
(continued) 

Methylene Chloride: 390' 

Styrene: < 500 
Tetrachloroethene: < 500 

1,2,4- Trichlorobenzene: < 500 

1,1,1- Trichloroethane: < 500 
1,1,2- Trichloroethane: < 500 



Table 2 

Summary of Groundwater Analytical Results for Taxiway Tango Median Area 

Sample Sampling Results of Chemical Analvses 
Number Depth VOCs Metals SVOCs 

(feet) (ug/L) (ug/L) (u!J/L) 

Trichloroelhene: < 500 
Vinvl Chloride: 1,300 

IT-7 18 Benzene: 5 Ni: 59 NA 

Carbon Telrachloride: < 10 Zn: 130 

1,2-Dibromo-3-chloropropane: < 10 

1.2-Dichloroelhane: < 10 

1,l-Dichloroelhene: < 10 

cis-1,2-0íchloroethene: 150 

1,2-Dichloropropane: < 10 
Methylene Chloride: 6' 
Tetrachloroethene: < 10 

1.1.2-Trichloroelhane: < 10 
Trichloroelhene: < 10 

Vinvl Chloride: 120 

TT-8 18 Benzene: < 10 Cd: 46.5 NA 

Carbon Telrachloride: < 10 Ni: 70 

1.2-Dibromo-3-chloropropane: < 10 Zn: 100 

1,2-Dichloroerhane: < 10 

I,J-Dichloroelhene: < 10 

cis-1.2-Dichloroethene: 11 

1.2-Dichloropropane: < 10 
Methylene Chloride: 6' 
Telrachloroelhene: < 10 
1.1.2-Trichloraelhane: < 10 
Trichloroelhene: < 10 

Vinyl Chloride: 7 

TT-9 14 Benzene: < 10 

Carbon Telrachloride: < 10 
1,2-Dibromo-3-chloropropane: < 10 
1.2-Dichloroelhane: < 10 
1.I-Dichloroerhene: < 10 
1,2-Dichloropropane: < 10 
Methylene Chloride: 4' 
TelrachlorOelhene: < 10 

Ni: 70 

Zn:58 
Alrazine: < 10 
Benzo(a)pyrene: < 10 
Hexachlorobenzene: < 10 
Pentachlorophenol: < 25 



Table 2 

Summary of Groundwater Analytical Results for Taxiway Tango Median Area 

Sample Sampling Results of Chemical Analvses 
Number Depth VOCs Metals SVOCs 

(feet) (ug/Ll (uQ/L) lun/L\ 

1,1.2-Trichloroelhane: < 10 
Trichloroethene: < 10 

Vinvl Chloride: 10 

TT-10 14 Benzene: 12 ND NA 

Carbon Tetrachloride: < 10 
1,2-Dibromo-3-chloropropane: < 10 
1,2-Dichloroethane: < 10 
1.1-Dichloroethene: 4 

cis-1,2-Dichloroelhene: 49 
trans-1,2-Dichloroethene: 2 

1.2-Dichloropropane: < 10 
Methylene Chloride: 8- 

Tetrachloroethene: < 10 
1,1,2-Trichloroelhane: < 10 
Trlchloroethene: 12 
Vinvl Chloride: 210 

-Detected in Method Blank 
ND " Not Detected Above Reporting Limits 
NA " Not Analyzed 
Italicized Font" Chemical Was Not Detected, However the Reporting Limit Exceeded the Corresponding MCL 
Boldface Font" Chemical Was Detected Above the Corresponding MCL 
Standard Font (Non-Italicized and Non-Boldface) " Chemicals Detected Above the Reporting Limits 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Analvses 

Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals ~~o~s 
(feet) (ug/U (mo/U fmo/U fuo/U fuo/U uo/L 

DA-1 26 NA NA NA Benzene: < 2500 Cd: 15 NA 

Carbon Tetrachloride: < 2500 Ni: 140 
Chlorobenzene: < 2500 Zn: 2,000 
1,2-Dibromo-j-chloropropane: < 2500 
1,2-Dichlorobenzene: < 2500 
1,4-Dichlorobenzene: < 2500 
1,2-Dichloroethane: < 2500 
I,I-Dichloroelhene: < 2500 
cis-1.2-Dichloroethene: 4,100 
trans-I,2-Dichloroethene: < 2500 
1,2-Dichloropropane: < 2500 
Ethylbenzene: < 2500 
Methylene Chloride: 1,800' 
Styrene: < 2500 
Tetrachloroethene: < 2500 
Toluene: < 2500 

1,2,4- Tríchlorobenzene: < 2500 

I,I,I-Tríchloroethane: < 2500 
1,1,2-Trichloroethane: < 2500 
Trichloroethene: 12,000 

Vìnvl Chloride: < 2500 
DA-2 15 NA NA NA Benzene: < 10 Be: 10.4 NA 

Carbon Tetrachloride: < 10 Cd: 9.7 
1,2-Dibromo-j-chloropropane: < 10 Ni: 230 
1,2-Dichloroethane: < 10 Zn:660 
I,I-Dichloroethene: < 10 
1,2-Dichloropropane: < 10 
Methylene Chloride: 7' 
Tetrachloroethene: < 10 
1.1,2-Trichloroethane: < 10 
Trichloroethene: < 10 
Vìnvl Chloride: < 10 

DA.3 22 NA NA NA Benzene: < 500 Cd: 27.9 NA 

Carbon Tetrachloride: < 500 Ni: 320 

Chlorobenzene: < 500 Zn: 750 

1,2-Dibromo-j-chloropropane: < 500 
1,4-Dichlorobenzene: < 500 

DA.3 Il.2-Dichloroerhane: < 500 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Analvses 

Number Depth TPH.Gas TPH.Dlesel TPH.Residual VOCs Metals SVOCs 
(feetl (uo/Ll (ma/Ll fma/U (ug/L) (ua/U (ua/Ll 

(continued) I,I-Dichloroethene: < 500 
cis.1,2-Dichloroethene: 6,000 
trans-I,2-Dichloroethene: < 500 
I,2-Dichloropropane: < 500 
Methylene Chloride: 880. 
Styrene: < 500 

I Tetrachloroethene: < 500 
I,2,4-Trichlorobenzene: < 500 
1,1,1- Trichloroethane: < 500 
I,I,2-Trichloroethane: < 500 
Trichloroethene: 48,000 
Vinvl Chloride: 460 

DA.4 20 NA NA NA Benzene: < 500 Cd: 13.3 NA 

Carbon Tetrachloride: < 500 Ni: 320 
Chlorobenzene: < 500 Zn:480 
I,2-Dibromo-3-chloropropane: < 500 
I,4-Dichlorobenzene: < 500 
1,1-0Ichloroethane: 550 
1,2-Dichloroethane: 630 
1,1-Dichloroethene: 1,200 

cls-1,2-Dichloroethene: 4,200 
trans.I,2-Dichloroethene: < 500 
I,2-Dichloropropane: < 500 
Ethylbenzene: 110 
Methylene Chloride: 1,700. 
Styrene: < 500 
Tetrachloroethene: 110 

Toluene: < 500 
I,2,4-Trichlorobenzene: < 500 
1,1,1-Trichloroethane: 1,100 

Trichloroethene: 64,000 

1,2,4- Trimethylbenzene: 140 
Vinyl Chloride: 280 
Total Xylenes: 220 

NO Benzene: < 5()t)() 

Carbon Tetrachloride: < 5()t)() 

Cd:20~1 
Cr: 42 

NA 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Analyses 

Number Depth TPH.Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 
(feet) (ua/Ll (mall) (mall) (ug/Ll (ua/Ll (ua/L) 

Chlorobenzene: < 5000 Cu: 47 
1,2-Dibromo-]-chloropropane: < 5000 NI: 220 
1,2-Dichlorobenzelle: < 5000 Zn: 370 

1,4-Dichlorobelllelle: < 5000 
I,2-Dich!oroethalle: < 5000 
l,I-Dichloroethelle: < 5000 
cis-1.2-Oichloroethene: 29,000 
tratlS-1,2-Dichloroethelle: < 5000 
1,2-Dichloropropalle: < 5000 
Ethylbelllelle: < 5000 
Methylene Chloride: 3,000. 
Styrelle: < 5000 
Tetrachloroethelle: < 5000 
Toluene: 1,700 
1,2,4- TrichlorobellUlle: < 5000 
1,1,1- Trichloroethalle: < 5000 
1,I,2-Trichloroethalle: < 5000 
Trichloroethene: 53,000 
Vinyl Chloride: < 5000 
Total Xvlelles: < 15000 

DA-6 26 NA NA NA Belllelle: < 500 Cd: 5.0 NA 
tert-Butylbenzene: 130 Ni:68 
Carbon Tetrachloride: < 500 Zn:450 
Chlorobenzene: < 500 
l,2-Dibromo-]-chloropropane: < 500 
1,4-Dichlorobellzelle: < 500 
1.2-Dichloroethalle: < 500 
I,I-Dichloroethelle: < 500 
cis-1,2-Oichloroethene: 25,000 

trans-1,2-Dichloroethene: 680 

1,2-Dichloropropalle: < 500 
Ethylbenzene: 2,200 
Methylene Chloride: 860. 
n-Propylbenzene: 110 

Stvrelle: < 500 

DA-6 
(continued) 

Tetrachloroethelle: < 500 
Toluene: 24,000 

l,2,4-Trichlorobenzelle: < 500 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Analvses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 

(feet) (ug/L) (mg/L) (mg/L) (ug/L) (ug/L) (ug/L) 

1;l,I-Trichloroerhane: < 500 
1,l,2-Trichloroethane: < 500 
Trichloroethene: 33,000 
1,2,4- Trimethylbenzene: 820 
1,3,5-Trimethylbenzene: 180 

Vinyl Chloride: 330 

Total Xvlenes: 4,800 
DA-7 26 NA NA NA Benzene: < 500 Cd: 8,8 NA 

Carbon Tetrachloride: < 500 Cr: 30 

Chlorobemene: < 500 Ni: 110 

1,2-Dibromo-3-chloropropane: < 500 Zn: 420 
1,4-Dichlorobenzene: < 500 
1.2-Dichloroethane: < 500 
1,1-Dichloroethene: 110 

cis-1,2-Dichloroethene: 45,000 
trans-1,2-Dichloroelhene: 2,100 
1,2-Dichloropropane: < 500 
Ethylbenzene: 140 
4-Methyl-2-pentanone: 1,400 
Methylene Chloride: 590. 
Styrene: < 500 
Tetrachloroethene: 110 

Toluene: 1,400 

1,2,4-Trichlorobemene: < 500 
1,1.1~Trichloroelhane: < 500 

1,1,2- Trichloroethane: < 500 
Trichloroethene: 130,000 

1,2,4- Trimethylbenzene: 170 
Vinyl Chloride: 180 
Total Xvlenes: 280 

DA-8 28 NA NA NA Benzene: < 500 
Carbon Tetrachk>ride: < 500 
Chk>robenzene: < 500 
1.2-Dibromo-3-chk>ropropane: < 500 
1,4-Dichk>robenzene: < 500 

Cd: 7.0 
NI: 140 
Zn:400 

Atrazine: < 10 
Benzo(a)pyrene: < JO 

Hexachlorobenzene: < 10 
Naphthalene: 5 

Penrachk>rophenol: < 25 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Analyses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 

(feet) (ua/Ll (ma/Ll (mall) (ug/l) (ug/l) (ug/l) 
1,1-Dichloroethane: 280 
1,2-Dichloroelhane: < 51J() 

1,1-0ichloroethene: 470 

cis-1,2-0ichloroethene: 2,100 

trallS-l,2-Dichloroelhene: < 51J() 

1,2-Dichloropropane: < 51J() 

Methylene Chloride: 2,100. 
Styrene: < 51J() 

Tetrachloroethene: < 500 
Toluene: 400 

l,2,4-Trlchlorobemene: < 51J() 

l,l,l-Trichloroethane: < 51J() 

1,1,2- Trichloroethane: < 51J() 

Trichloroethene: 70,000 
Vinyl Chloride: < 51J() 

Total Xylenes: 180 

DA-9 26 NA NA NA Bentene: < 251J() Cd: 7.2 NA 
Carbon Tetrachloride: < 251J() Ni: 120 

Chlorobenune: < 251J() Zn: 590 
l,2-Díbromo-J-chloropropane: < 251J() 

l,2-Dichlorobenzene: < 251J() 

l,4-Dichlorobenzene: < 251J() 

l,2-Díchloroethane: < 251J() 

l,l-Dichloroethene: < 251J() 

cis-' ,2-Dichloroethene: 16,000 

trans-J ,2.Dichloroethene: < 2500 
l,2-Dichloropropane: < 251J() 

Ethylbenzene: < 251J() 

Methylene Chloride: 990. 
Styrene: < 251J() 

Tetrachloroethene: < 251J() 

DA-9 
(continued) 

Toluene: 590 
1,2,4-Trichlorobenzene: < 251J() 

1,1,l-Trichloroethane: < 251J() 

1,1,2- Trichwroethane: < 251J() 

Trichloroethene: 7,300 
1,2,4- Trimethylbenzene: 1,200 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Results of Chemical Anal ses 
VOCs 

u IL 
Vin I Chloride: 920 

Benzene: < 250 
Carbon Tetrachloride: < 250 
Chlorobenzene: < 250 
1,2-Dibromo-3-chloropropane: < 250 
1,4-Dichlorobenzene: < 250 
1,2-Dichloroethane: < 250 

I,I-Dichloroethene: < 250 
cis-1,2-Dichloroethene: 2,500 
trans-1,2-Dichloroethene: 400 
l,2-Dichloropropane: < 250 
Methylene Chloride: 270' 
Naphthalene: 55 
Styrene: < 250 
Tetrachlorarthene: < 250 
1,2,4-Trichlorobenzene: < 250 

1,1,1- Trichloroethane: < 250 
I,l,2-Trichloroethane: < 250 
Trlchloroethene: 550 
Vin I Chloride: 82 

cetone: , 

Benzene: < 500 
Carbon Tetrachloride: < 500 
Chlorobenzene: < 500 
I,2-Dibromo-3-chloropropane: < 500 
1,4-Dichlorobenzene: < 500 
I,2-Dich/oroethane: < 500 
I,I-Dichloroethene: < 500 
cis-1.2-Dichloroethene: 160 

trans-I,2-Dichloroethene: < 500 
1.2-Dichloropropane: < 500 
Meth lene Chloride: 450' 

Sample 

Number Metals 
u IL 

SVOCs 
u IL 

Ni: 93 
Zn: 1,900 

Ni: 98 
Zn: 2,200 

DA-11 Styrene: < 500 
(continued) reteachlorarthene: < 500 

1,2,4-Trichlorobenzene: < 500 
I,I,I-Trich/oroethane: < 500 
I,l,2-Trichloroethane: < 500 
Trichloroethene: 1,000 
Vinyl Chloride: < 500 

UA-12 26 NA NA NA BenzeM: < 2500 Cd: 21.2 NA 
Carbon Tetrachloride: < 2500 Ni: 53 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Amllvses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Met~~ SVOCs 

(feell (ua/U (ma/U (ma/U (ua/U (ua/L lua/Ll 

Chlorobenzene: < 2500 Zn:450 
1,2-Dibromo-3-chloropropane: < 2500 
l,2-Dichlorobenune: < 2500 
1,4-Dichlorobenune: < 2500 
1,2-Dichloroethane: < 2500 
1,l-Dichloroethene: < 2500 
cls-1,2-Dichloroethene: 160,000 

trans-l,2-Dichloroethene: < 2500 
1,2-Dichloropropane: < 2500 
Ethylbenzene: < 2500 
Methylene Chlotide: 1,600. 
Styrene: < 2500 
Tetrachloroethene: < 2500 
Toluene: 1,000 
1,2,4-Trichlorobenzene: < 2500 
1 ,1 ,1- Trichloroethane: < 2500 
1 .1 ,2- Trichloroethane: < 2500 
Trichloroethene: 2,300 

1,2,4- Ttimethylbenzene: 1,300 
Total Xylenes: 1,200 
Vinvl Chloride: < 2500 

DA-13 26 NA NA NA Benzene: < 5000 Cd: 11 NA 
Carbon Tetrachloride: < 5000 Ni: 67 

Chlorobenzene: < 5000 Zn:52 
1,2-Dibromo-3-chloropropane: < 5000 
1,2-Dichlorobenune: < 5000 
1,4-Dichlorobenzene: < 5000 
1 2-Dichloroethane: < 5000 

DA-13 1,I-Dichloroethene: < 5000 
(continued) cis-1,2-Dichloroethene: 120,000 

trans-l,2-Dichloroethene: < 5000 
l,2-Dichloropropane: < 5000 
Ethylbenzetu:: < 5000 
Methylene Chloride: 1,400. 
Styretu:: < 5000 
TetrachkJroetbetu:: < 5000 
Toluetu:: < 5000 
1,2,4-Trichlorobenzene: < 5000 



Table 3 

Summary of Groundwater Analytical Results for Drum Area 

Sample Sampling Results of Chemical Analyses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 

(feet) (uo/Ll (mo/Ll (moIL) (uo/Ll (uo/Ll (uo/Ll 

I.I ,I-Trichloroethane: < 5000 
I .I ,2- Trichloroethane: < 5000 
Trichloroethene: 1,900 

Vinvl Chloride: 4,600 

DA-14 28 NA NA NA Benzene: < 10 Cd: 8.7 Atrazine: < 10 
Carbon Tetrachloride: < 10 Ni: 150 Benzo(a)pyrene: < 10 

. 

I,2-Dibromo-3-chloropropane: < 10 Zn: 350 Hexachlorobenzelle: < 10 
I,2-Dichloroethane: < 10 Pentachlorophenol: < 25 
I,I-Dichloroethene: < 10 
cis-1,2-Dichloroethene: 5 

I,2-Dichloropropane: < 10 
Methylene Chloride: 7" 

Tetrachloroethene: < 10 
1,I,2-Trichloroethane: < 10 
Trichloroethene: 2 

Vinvl Chloride: < 10 
"Detected 10 Method Blank 
ND " Not Detected Above Reporting limits 
NA " Not Analyzed 
Italicized Font" Chemical Was Not Detected, Howevet the Reporting Limit Exceeded the Corresponding MCL 
Boldface Font" Chemical Was Detected Above the Corresponding MCL 
Standard Font (Non-Italicized and Non-Boldface) " Chemicals Detected Above the Reporting Limits 



Table 4 

Summary of Groundwater Analytical Results for Pond#1 and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analyses 
Number Depth TPH-Gas TPH.Diesel TPH.Residual VOCs Metals SVOCs 

Ifeel) (ug/l) (mgll) (mg/l) (uglL) (uglL) (ugll) 
PA-1 12 78,000 13 ND Benzene: 120 NO NA 

Carbon Tetrachloride: < 500 
Chlorobenzene: < 500 
/ ,2-Dibromo-J-chloropropane: < 500 
/ ,4-Dichlorobenzene: < 500 
/ ,2-D/chloroethane: < 500 
/ ,1-D/chloroethene: < 500 
cis.1,2.Dichloroethene: 31,000 
Ethylbenzene: 1,600 
trans-1,2-Dichloroethene: < 500 
/ ,2-Dichloropropane: < 500 
Methylene Chloride: 470. 
Styrene: < 500 
Tetrachloroelhene: < 500 
Toluene: 6,800 
1,2,4-Trichlorobenzene: < 500 
/ 

, 
/ 

, /- Trichloroethane: < 500 

/, / ,2- Trichloroethane: < 500 
Trichloroethene: 310 
1,2,4-Trimethylbenzene: 170 
1 ,3,5-Trimethylbenzene: 120 
Vinyl Chloride: 9,400 
Total Xylenes: 35,000 

PA-2 12 ND ND ND Benzene: 18 Ni: 69 Atrazine: < 10 
Carbon Tetrachloride: < 10 Benzo(a)pyrene: < 10 
/ ,2-Dibromo-J-chloropropane: < 10 Hexachlorobenune: < 10 
1,2-Dichloroethane: < 10 Pentachlorophenol: < 25 
1,/-Dichloroethene: < 10 
trans-1.2-0ichloroethene: 8 

/ ,2-Dichloropropane: < 10 
Methylene Chloride: 3. 
Tetrachloroethene: < 10 

/,/ ,2-Trichloroethane: < 10 
Trichloroethene: < 10 
Vinyl Chloride: 2,400 

Total Xylenes: 4 

PA-3 28 110 NO NO IBenzene: < 500 IPb: 10 NA 



Table 4 

Summary of Groundwater Analytical Results for Pond#1 and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analvses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 

(feet) (ug/L) (mg/L) (mg/L) (ug/L) (ug/L) (ug/L) 

Carbon Tetrachloride: < 500 Ni: 69 
Chlorobenzene: < 500 
1.2-Dibromo-3-chloropropane: < 500 
1.4-Dichlorobenzene: < 500 
1.2-Dichloroethane: < 500 
l.l-Dichloroethene: < 500 
cls-1,2-Dichloroethene: 150 
Ethylbenzene: < 500 
rrans-l.2-Dichloroethene: < 500 
1,2-Dichloropropane: < 500 
Methylene Chloride: 370* 
Naphthalene: 100 
Styrene: < 500 
Tetrachloroethene: < 500 
1.2,4-Trichlorobenzene: < 500 
l.l,l-Trichloroethane: < 500 
1.1,2-Trichloroethane: < 500 
Trichloroethene: < 500 
Vinvl Chloride: 2,900 

t"'A-4 1~ I~U U.\:1 NU Acetone: ~L- I;Q: ti 

Benzene: 9 Ni: 130 
sec-Butlybenzene: 3 Ag: 11 

Chlorobenzene: 69 Zn: 350 
Carbon Tetrachloride: < 10 
1.2-Dibromo-3-chloropropane: < 10 
1.2-Dichloroethane: < 10 
I,I-Dichloroethene: < 10 
cis-1,2-Dichloroethene: 220 
1,2-Dichloropropane: < 10 
Ethylbenzene: 18 
Isopropyl benzene: 5 
p..lsopropyltoluene: 3 
Methylene Chloride: 10. 
Naphthalene: 13 
n-Propylbenzene: 7 

Tetrachloroethene: < 10 
Toluene: 4 
1 1,2- Trichloroethane: < 10 

PA-4 
(continued) 

Trlchloroethene: 36 

1,2,4- Trimethylbenzene: 84 
1 ,3,S-Trimethylbenzene: 46 



Table 4 

Summary of Groundwater Analytical Results for Pond#1 and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analyses 

Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 
(feet) (ug/L) (mg/L) (mg/L) (ug/L) (ug/L) (uo/Ll 

IVinyl Chloride: 250 
Total Xylenes: 32 

r'A-:> 1:> NU NU NU Il::lenzene: 3 NJ: 1UU NA 
Carhon Tetrachloride: < 10 Zn:230 
1,2-Dihromo-3-chloropropane: < 10 
1,2-Dichloroethane: < 10 
1,I-Dichloroethene: < 10 
cis-1 ,2-Dlchloroethene: 7 
1,2-Dichloropropane: < 10 
Methylene Chloride: 10' 
Tetrachloroethene: < 10 
Toluene: 8 

1,I,2-Trichloroethane: < 10 
Trichloroethene: 16 
Vinyl Chloride: 46 

PA-6 19.5 NO NO NO Acetone: 10 As: 26 Atrazine: < 10 
Carbon Disulfide: 7 Cd: 5,9 Benzo(a)pyrene: < 10 
1,2-Dibromo-3-chloropropane: < 1 Cu: 250 He.xachlorobenzene: < 10 
Toluene: 1 Ni: 160 Pentachlorophenol: < 25 
Total Xylenes: 2 Zn: 1 900 

PA-7 15 96,000 2.6 NO Benzene: < 5000 Cd: 94.2 NA 
Carhon Tetrachloride: < 5000 Ph: < 20 
Chlorohenzene: < 5000 Hg: 0.5 
1,2-Dihromo-3-chloropropaae: < 5000 
1,2-Dichlorohenzene: < 5000 
1,4-Dichlorobenzeae: < 5000 
1,2-Dichloroethane: 6,100 
J ,I-Dichloroethene: < 5000 
cis-1,2-Dichloroethene: 29,000 
trallS-l,2-Dichloroethene: < 5000 
1,2-Dichloropropane: < 5000 
Ethylhenzene: < 5000 
Methylene Chloride: 9,500' 
Styrene: < 5000 
Tetrachloroethene: < 5000 

PA-7 
(continued) 

Toluene: 4,400 
1,2,4-Trichlorohenzeae: < 5000 
1,I,I-Trichloroethane: < 5000 
1,I,2-Trichloroethane: < 5000 



Table 4 

Summary of Groundwater Analytical Results for Pond#1 and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analvses 
Number Depth TPH-Gas TPH-Oiesel TPH-Residual VOCs Metals SVOCs 

(feet) (ug/l) (moll) (moll) (uo/l) (uo/l) (uo/l) 
Trichloroethene: 220,000 
Vinyl Chloride: 3,400 
Total Xvlenes: 1,300 

PA-8 28 NO NO NO I,2-Dibromo-3-chloropropane: < 1 Cd: 11.6 NA 
1,2-oichloroethane: 1 Cu: 77 
cis-1,2-Dichloroethene: 2 Ni: 250 
Trichloroethene: 16 Zn:5aO 

PA-9 15 NO NO NO Benzene: < 10 Ni: 130 NA 
Carbon Tetrachloride: < 10 Zn: 100 

I,2-Dibromo-3-chloropropane: < 10 
I,2-Dichloroethane: < 10 
I,I-Dichloroethene: < 10 
cis-1,2-Dichloroethene: 160 
I,2-Dichloropropane: < 10 
Methylene Chloride: 7" 

Tetrachloroethene: < 10 

1,1,2- Trichloroethane: < 10 
Trichloroethene: 3 

Vinyl Chloride: 32 
PA-1O 15 NO NO NO Benzene: < 10 NO NA 

Carbon Tetrachloride: < 10 

I,2-Dibromo-3-chloropropane: < 10 
I,2-Dichloroelhane: < 10 
I,I-Dichloroethelle: < 10 
cis-1,2-oichloroethene: 12 

I,2-Dichloropropalle: < 10 
Methylene Chloride: a" 

Tetrachloroethene: < 10 
I,I,2-Trichloroclhane: < 10 
Trichloroethene: 6 

Villvl Chloride: < 10 

PA-11 26 250 NO NO Benzene: 2 

1,2-Dibromo-3-chloropropane: < 5 

l,1-oicloroethane: 1 

1,2-Dichloroethane: 11 

1,1-oichloroethene: 6 

Cd: 7.9 
Nt 100 

Zn: 2.000 

AtraZÎne: < 10 
Benzo(a)pyrene: < 10 
oi-n-bully phthalate: 2 

Hexachlorobenzene: < 10 
Pentachlorophenol: < 25 



Table 4 

Summary of Groundwater Analytical Results for Pond#1 and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analyses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 

(feet) (uo/l) (moIL) (moll) (uo/l) (uQ/L) (ug/l) 
cls-1,2-Dichloroethene: 100 
trans-1,2-Dichloroethene: 2 

Methylene Chloride: 6. 
Tetrachloroethene: 1 

Toluene: 2 

1,1,1- Trichloroethane: 2 

Trichloroethene: 490 
Vinyl Chloride: 33 

Total Xylenes: 15 

PA-12 28 NO NO NO Benzene: 2 Cd; 15.1 NA 
1 ,2-Djbromo~3~chloropropane: < 5 Ni: 150 
1 ,2-0ichloroethane: 4 Zn: 220 
cis-1,2-0ichloroethene: 6 

Methylene Chloride: 2 

Trichloroethene: 7 

Vinyl Chloride: 6 

Total Xylenes; 1 

PA-13 28 730 ppb 0.7 ND Benzene: < 500 Sb: 13.4 Acenaphthene: 1 

Carbon Tetrachloride: < 500 Ni: 120 Atrazine: < 10 
Chlorobellzene: < 500 Zn: 46 Benzo(a)pyrene: < 10 
I,2-Dibromo-3-chloropropane: < 500 Hexachlorobenzene: < 10 

I,4-Dichlorobellzelle: < 500 Pelllachlorophenol: < 25 

I,2-Dichloroethane: < 500 
I,I-Dichloroethene: < 500 
cis-1,2-Dichloroethene: 1,700 
trans-I,2-Dichloroethene: < 500 
I.2-Dichloropropane: < 500 
Methylene Chloride; 450. 
Styrene: < 500 

PA-13 Tetrachloroethene: < 500 
(continued) 1,2.4-Trichlorobenzene: < 500 

1, I , I-Trichloroethane: < 500 
I.I,2-Trichloroethane: < 500 
Trichloroethene: < 500 
Vinyl Chloride: 2.900 

PA-14 25 ND NO NO Acetone: 36" As: 64 NA 



Table 4 

Summary of Groundwater Analytical Results for Pond#l and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analyses 

Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 
(feet) (uo/Ll (maIL) (mo/Ll (uo/Ll (ua/Ll (ua/Ll 

2-Butanone: 6 Cd: 5.5 
Chlorobenzene: 6 Ni:44 
1,2-Dibromo-J-chwropropane: < 5 Zn:28 
1 ,2-Dichlorobenzene: 8 

1,2-Dichloroethane: 6 

cis-1,2-0ichloroethene: 16 
Ethylbenzene: 4 

Methylene Chloride: I' 
Toluene: 3 

Trichloroethene: 3 

1,2,4- Trimethylbenzene: 2 

Vinyl Chloride: 21 

Total Xylenes: 2 

PA-15 22 NO 1.1 NO Benzene: < 2500 Ni: 41 NA 

Carbon Tetrachloride: < 2500 Zn:700 
Chlorobenzene: < 2500 
1,2-Dibromo-J-chwropropane: < 2500 
1.2-Dichlorobenzene: < 2500 
1,4-Dichlorobemene: < 2500 
1,2-Dichloroethane: < 2500 
1,I-Dichloroethene: < 2500 
cis-l,2-Dichloroethene: 1,300 

trans-I.2-Dichloroethene: < 2500 
1,2-Dichloropropane: < 2500 
Ethylbenzene: < 2500 
Methylene Chloride: 1,500' 

Stvrene: < 2500 

PA-15 Tetrachloroethene: < 2500 
(continued) Toluene: 600 

1,2,4-Trichwrobenzene: < 2500 

1,1,1- Trichwroethane: < 2500 
1,I,2-Ttichloroethane: < 2500 
Trichloroethene: 1,000 

Vinvl Chloride: 27,000 
PA-16 16 NO NO NO Benzene: 7 Nì: 120 Acenaphthene: 1 

Carbon Tetrachloride: < 10 Alraz;ne: < 10 



Table 4 

Summary of Groundwater Analytical Results for Pond#1 and Petroleum Hydrocarbon Area 

Sample Sampling Results of Chemical Analvses 
Number Depth TPH-Gas TPH-Diesel TPH-Residual VOCs Metals SVOCs 

(feet) (ugll) (mg/L) (mg/L) (uo/U (ug/L) (ug/L) 

Chlorobenzene: 7 Benzo(a)pyrene: < 10 
l,2-Dibromo-3-chloropropane: < 10 Carbazole: 3 

1,2-Dichloroe.hane: < 10 Hexachlorobenzene: < 10 
1,1-Dichloroelhene: < 10 Pentachlorophenol: < 25 

cis-1,2-Dichloroethene: 92 Phenanthrene: 2 

Irans-1,2-Dichloroethene: 23 
1,2-Dichloropropane: < 10 
Methylene Chloride: 6- 
Tetrachloroethene: < 10 
Toluene: 4 

1,1 ,2-'J'richloroethane: < 10 
Trichloroethene: 83 
Vinvl Chloride: 420 

SB-13 12 NA NA NA Benzene: 8 NA NA 
Carbon Disulfide: 22 
1,2-Dibromo43.chloropropane: < 5 

cis-1,2-Dichloroethene: 2 

Trichloroethene: 2 

Vinvl Chloride: < 5 

-Detected In Method Blank 
NO = Not Detected Above Reporting Limits 
NA = Not Analyzed 

Italicized Font = Chemical Was Not Detected, However the Reporting Limit Exceeded the Corresponding MCL 
Boldface Font = Chemical Was Detected Above the Corresponding MCL 
Standard Font (Non-Italicized and Non-Boldface) = Chemicals Detected Above the Reporting Limits 



Table 5 

Summary of Groundwater Analytical Results for Previously Disturbed Area 

Sample Sampling Results of Chemical Analyses 
Number Depth VOCs Metals SVOCs PCBs I Pesticides 

(feell (ua/Ll (ua/Ll (ua/Ll (ug/L) 
PDA-1 27.5 Benzene: < 10 Cu: 54 Atrazine: < 10 ND 

Carbon Tetrachloride: < 10 Ni: 130 Benzo(a)pyrene: < 10 
I,Z-Dibroma-3-chlorapropane: < 10 Zn:390 Hexachlorobenzene: < 10 

I,Z-Dichloroethane: < 10 Pentachlorophenol: < Z5 

I,I-Dichloroethene: < 10 

1,Z-Dichloropropane: < 10 
Methylene Chloride: 7" 

Tetrachloroethene: < 10 

1,I,Z-Trichloroethane: < 10 
Trichloroethene: < 10 
Vinyl Chloride: < 10 

PDA-2 11 Benzene: < 10 Be: 6.3 NA ND 
Carbon Tetrachloride: < 10 Ni: 170 
I,Z-Dibromo-3-chloropropane: < 10 Zn:330 
I,Z-Dichloroethane: < 10 

I.I-Dichloroethene: < 10 
1,Z-Dichloropropane: < 10 
Methylene Chloride: 6" 

Telrachloroethene: < 10 

1,1,2- Trichloroethane: < 10 

Trichloroethene: < 10 
Vinyl Chloride: < 10 

PDA-3 12 Benzene: < 10 Ni: 180 NA NO 
Corhon Tetrachloride: < 10 Zn: 200 
I,Z-Dihromo-3-chloropropane: < 10 
i ,Z-Dichloroethane: < 10 
i ,i-Dichloroethene: < 10 
i ,Z-Dichloropropane: < iO 
Methylene Chloride: 6" 

Tetrachloroethene: < 10 
i,l.Z-Trichloroethane: < iO 
Trichloroethene: < 10 
Vinvl Chloride: < 10 

PDA-4 13 IBenzene: < 10 
Carbon Tetrachloride: < 10 

IBe: 17.' 
Cd: 16.6 

IAtrazine: < ZO 

Benzo(a)pyrene: < ZO 
ND 



Sample 
Number 

Sampling 
Depth 

feet 

Table 5 

Summary of Groundwater Analyticat Results for Previously Disturbed Area 

VOCs 
u IL 

1,2-Dibromo-3-chloropropane: < 10 
1,2-Dichloroethane: < 10 
1,I-Dichloroethene: < 10 
1,2-Dichloropropane: < 10 
Methylene Chloride: 7" 

Tetrachloroethene: < 10 
1,1,2-Trichloroethane: < 10 
Trichloroethene: < 10 
Vin I Chloride: < 10 
Benzene: < 10 
Carbon Tetrachlaride: < 10 
1,2-Dibromo-3-chloropropane: < 10 
1.2-Dichloroethane: < 10 
1.I-Dichloroethene: < 10 
1.2-Dichloropropane: < 10 
Methylene Chloride: 6" 
Tetrachloroethene: < 10 
1,1,2- Trichloroethane: < 10 
Trichloroethene: < 10 
Vin I Chloride: < 10 
Benzene: < 10 
Carbon Tetrachloride: < 10 
1,2-Dibromo-3-chloropropane: < 10 
1,2-Dichloroethane: < 10 

l.I -Dichloroethene: < 10 
1,2-Dichloropropane: < 10 
Methylene Chloride: 7" 

Tetrachloroethene: < 10 
1,1,2- Trichloroethane: < 10 
Trichloroethene: < 10 
Vin I Chloride: < 10 

Results of Chemical Anal ses 
Metals SVOCs 

u IL u IL 
Hexachlorobenzene: < 20 
Pentachlorophenol: < 50 

u: 
Ni: 560 
Zn: 150 

Atrazine: < /0 
Benzo(a)pyrene: < 10 
Hexachlorobenzene: < 10 
Pentachlorophe1lol: < 25 

I: 

Zn: 200 

eteemeto an 
NO = Not Detected Above Reporting Limits 
NA = Not Analyzed 
Italicized Font = Chemical Was Not Detected, However the Reporting Limit Exceeded the Corresponding MCL 
Boldface Font = Chemical Was Detected Above the Corresponding MCL 
Standard Font (Non-Italicized and Non-Boldface) = Chemicals Detected Above the Reporting Limits 

PCBs I Pesticides 
u IL 



Table 6 

Summary of Groundwater Analytical Results 
from Monitoring Wells 

Sample Screen Results of Chemical Analyses 

Number Interval TPH-Gas TPH-Diesel/Residuals VOCs Oiss. Metals SVOCs 
(feet) (ug/l) fmg/l) (ug/l) (uglL) (ug/l) 

OMW1-A 45 to 55 NA NA Benzene: 46 Cd: 1200 Atrazine: < 10 

Carbon Tetrachloride: 5 Cr: 150 Benzo(a)pyrene: <10 
Chlorobenzene: 9 Cu:9 Hexachlorobenzene: < 10 
Choroform: 17 Ni: 130 Pentachlorophenol: <25 
1,2-Dibromo-3-chloropropane: <1 Zn:350 
1,2-0ichloroethane: 53 

1,1-0ichloroethene: 34 
cis-1,2-0ichloroethene: 6,200 
trans-1,2-0ichloroethene: 41 

Tetrachloroethene: 12 
Toluene; 380 

1,2,4- Trichlorobenzene: 15 

Trichloroethene: 9,000 
1,2,4- Trimethylbenzene; 5 

Vinyl Chloride: 3,500 
Total Xvlenes: 24 

OMW1-B 83 to 88 3,800 NO Benzene: 48 Sb:<10 Atrazine: < 10 
Chlorobenzene: 8 Cd: 390 Benzo(a)pyrene:<10 
Choroform; 11 Ni; 44 Hexachlorobenzene: <10 
1,2-Dibromo-3-chloropropane: <1 Zn: 190 Pentachlorophenol: <25 
1,2-0ichloroethane: 32 

1,1-0ichloroethene: 15 
cis-1,2-Oichloroethene: 4,500 
trans-1 ,2-0ichloroethene: 26 
Toluene: 76 
Trichloroethene: 2,800 
Vinyl Chloride: <5 

~-A 50 to 60 NA NA I Benzene: 21 ~~:9~ IAfrazme: < IV 
Chlorobenzene; 8 Benzo(a)pyrene:<10 
Chloroform: 59 Zn; 150 Hexachlorobenzene: <10 
1,2-Dibromo-3-chloropropane: <1 Pentachlorophenol: <25 
1,2-0ichlorobenzene: 6 

1,4-Dichlorobenzene: 5 

1,2-0ichloroethane: 100 

1,1-0ichloroethene: 32 
cis-1,2-0ichloroethene: 1,800 
trans-1,2-Dichloroethene: 18 
Ethylbenzene: 19 
Naphthalene: 10 



Sample 
Number Diss. Metals 

ull 

e: 
Cd: 14 
Cr: 6 

Cu: 52 
Ni: 80 
2n:440 

I: 

2n:83 
, 

- f rorno- -c oropropane: < 

cls-1,2-Dlchloroethene: 510 
1,2,3- Trlchlorobenzene: 8 

1,2,4- Trichlorobenzene: 25 
Trichloroethene: 650 
Vin I Chloride: 36 

enzene: 
1,2-Dibrorno-3-chloropropane: <1 
1,2-Dlchloroethane: 2 

cls-1,2-Dichloroethene: 8 
Vin I Chloride: 27 

Benzene: 81 

Chlorobenzene: 9 

1,2-Dibromo-3-ch/oropropane: <1 
1,1-Dlchloroethane: 310 

Sb:<10 
Cd:24 
Cu: 100 
Ni: 130 

MW-5 10 to 39 NA NA 

SVOCs 
u IL 

razme: < 

Benzo(a)pyrene:<10 
Hexachlorobenzene: <10 
Pentachlorophenol: <25 

razme: < 

Benzo(a)pyrene:<10 
Hexachlorobenzene:<10 
Pentachlorophenol: <25 

razme:< 
Benzo(a)pyrene: <10 
Hexachlorobenzene:<10 
Pentachlorophenol: <25 

Atrazíne: < 10 
Benzo(a)pyrene: <10 
Hexachlorobenzene: <10 
Naphthalene: 15 



Table 6 

Summary of Groundwater Analytical Results 

from Monitoring Wells 

Sample Screen Results of Chemical Analyses 

Number Interval TPH-Gas TPH-DiesellResiduals VOCs Diss. Metals SVOCs 
(feet) (ua/Ll (ma/Ll (ua/Ll (ua/Ll (ua/Ll 

l,2-0ichloroethane: 170 Se: 16 Pentachlorophenol: <25 
l,1-0ichloroethene: 690 Zn:270 
CIS-l,~-U1cmoroetnene: . 'v'vvv 
trans-1,2-0ichloroethene: 1,100 
Ethylbenzene: 350 
Isopropyl benzene: 11 
p-Isopropyltoluene: 6 
Naphthalene: 33 
n-Propylbenzene:22 

Tetrachloroethene: 21 

Toluene: 2,800 
l,l,l-Trichloroethane: 520 
1,l,2-Trichloroethane: 11 

. 

Trichloroethene: 20,000 

1.2,4- Trimethylbenzene: 160 
1.3.5-Trimethylbenzene: 51 
Vinyl Chloride: 260 
TotalXylenes: 380 

MW-6 14to 34 NA NA 1.2-Dibromo-3-chloropropane: <1 Cu: 8 Atrazine: < 1 0 

Ni: 41 Benzo(a)pyrene: <10 
Se: 11 Hexachlorobenzene: <10 
Zn:390 Pentachlorophenol: <25 

NO = Not Detected Above Reporting Limits 
NA = Not Analyzed 
Ilalicized Font = Chemical Was Not Detected. However the Reporting Limit Exceeded Ihe Corresponding MCl 
Boldface Fonl = Chemical Was Detected Above the Corresponding MCL 

Standard Fonl (Non-Ilalicized and Non-Boldtace) = Chemicals Detected Above the Reporting Limits 
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MDE 

MARYLAND DEPARTMENT OF THE ENVIRONMENT 1800 WoshÏngton ÐauJevord . 

Baltimore, Maryland 1 J 230 
410-537-3000' 1.800-633-6101 

P><ri, ~. Glendelllng 

GO"tJ:nor 

- 

lUcbud F. /'econ 
Srcrr.:lU)' 

Kadùtt:a l:enzw:dy T0"4~aj 
LLGon:o:ux ~enyli.a Z..-Moc 

P<:pu'Y Secrct.uy 

:-;C"<'ecber 2Z, 2C1J2 

~!r, .R.:ln HeJgcnon 

Senior Project :\Ianager 
u,ekbeed Mwn Corporation 
6S01 R.ocldedg~ Dr. 
Betnesda. )!alyland 20817 

Dear :\fr. Belsenon: 

Tr3 í.s .. follow-up Ielrer to our October 15. 200] mccti:n.g "irh YOll and the :\bry!acd ..hiafoQ Admínisrration at the :'>ra:ti:: Sra::.: _~on faeilir;.'. At the meeting. you submitted.. three.page =alY ouTlining" proposed ñ!k-based closure ior the site. Based OJ! the d:scussiotl:i whieh lOok pllli::':' it :s our llD.:lð>lJmding th.atloelche~d \!artin proposes to: 

. L;;;e ::ate :md tnonopon modeling to 10<:ltc a.:Iditioruù "'dls: 
. Install :uldirional well. to >'e~' mOdeLing =ult~. 
. )farowr groundwater to sho,,- tbar no ott:sìte migration is oee1mÙlg and DO t/1r<::1[ 

to Frog :'-!onar Creek exists; 

· PmòIre' risk assessment to e\'alwlle bun:ac ô:posure ro ebexnicals; 
. Requesr ;ire closure and:l;o Further ..\,o~O!lI~TA) letter fr"m tbe \hl)land Dcpanneol oitho: En\trolUIlenr's G-lDE:, SWe Superiìmd Di'~sion_ 

Your proposed time line for 2003 ~los= :lSsumes ilial Lbe abo\'e ".orl; "ill ide::ti"".:1o O1a;;;;cpt1ble risks or ather eonee= :equiring further innsng:\lion or rcmediar:on. ne DeparoneÞ, docs nOT "9lce" íIt this :l5sutt:ption anú W!lIlt.< 10 lélnind you oÌthc rõlJowing pom!s: 

I) A risl.:-based approach I\ill nO! eliminale lbe cced ior a fea.'o,l>iliIY ,-rully to be 
perÏormed iU the sile. _-\5 staled in oUr Februan 16.1001 krrerro Jennifer Sre'-en;; oilaekheed Martin. il mUSt;,e ,;:0""-ÙU'.311 

remedia.I alrern.ayos have 
been ,ooniidered be:a!e ;;!loosing a rcmeè.'a; action. This is e,-þecially true when choosing a no-action alt~..tiyc. 

)"'--.u '"&:.r 

'-1'or61J1.T .... Can D.tIJI L," 

_-"'_a~ rrr t~.sen 1,"~1"I~UI. 



),fr. Ron He] gersOD 
Page 2 

l) The DepllItll'1ent's Clt.1llup Stlnd2rds ior Sou and Groundwarer stJIres ÚUlr free product must be remedi;Ued aI1d hot spOG may r<:quire remo\-al Or Some other 
remedial action. 

3) Long-term monitoring is often roquîrro ar ,ires seelcing clo>JJre to cnluate the 
elfecm-eness of lIle chosen remedy. 

.1) 
_-\5 5tued in the February 2001lener. the lateral and \.ertical eX!em of con-wninarion must be fully de!inc;ued. epmdieol ",ballo",-" w:n ~f\r-l has rccemly shown a COne""lnrion of32<) ppb oiTeE, suggesting m:u delinc;uíol] i, DOr campi ere in r1ú. neea of the ;ite. 

5) :)JDE ,'j.",s groundwater flow 8Ild !ToInsporr models as a compìl3lion of all dJlta >nd imetpretations deriyed at a .ire b&lõro on consistently a.ad thoroughly ob.erred conditions. AlthoUSh models >re usewl for idcn~ing dJlro. g:rps Or inconsistencies, they showd not be used in lieu of ñdd measuremi:!lts 0: YOllndwater flow directiollS and geologic cb.ar.octab'lÍcs. \\ bcn using. model 10 ,,",'alnue health risks or possible remedies, an nod=tanding of rbe prc\'lliIinS COQ;llminanr distribution and decay mecbani<m" are also required. D'ie [0 rbe complexiJ:' of rcactin lt1InSporr modeling, ~IDE recommends th~[ an inrerim modeling r"Pon, ouùìníng \'':>ur ;;onceptual ;ire :node~ and :In c.."Cp;llIlo.tion of si't' il:relJ'rel:lrion, be submitted ro us r"T :"O'\~""- :md e<>=enr prior:o initiating 
nansporr modeling. 

6) A Rislc Asr"Ssment should "'",luitre:ill reie"acr ecological and hum:m hall..'> expo~ure pathways. Relennt ~'tposurc ,,=rios should incIude. bur nor be limited 10, potential impacts [0 aquaùc 
.:cosysreIUs, oo-sire Workers, and recrenhoo:ù l.L~e orTrog .Monu C",el.:. 

:-:1 A quarrerly ~Ou'1d\\,"termoDitOrinJl 
planshùuld be ':.;tiated 50 ù:at groundwater cont.amiruull trends C>Ul be tracked, )JDE .:'.0<5 !OOt cilnsidcr', nce:ssac\' :0 \\'Ait until....eU in.~r:ùlations Me complete beròre impl_enting re,gular ground"-,,,CT ltlOniroring. 

g) T!:e ;\'F_-\lerrers issued b)- rbe Srate Superfund Dhision do not pre',""l the Depanrnenr from uking action showd future en\ironmentlJ ;:ODcems arise. Furrbennore. [hi> lcner "'owd only be :.ssuro once ail inve>rigarion and cJClIIlUP has been :1Ccompli<bed and rbe Departmenr :s saæhed :har me slrè :10 Iaeger pOSes II thr"'lr To human healrb or rbe en.ironmenl. 



~fr. Ron Helgerson 

Page 3 

Since rhe ahoye items remain to be ad~ed, rhe proposod timeline is prematUre, 
so we will r<:sme our comments on th2t mal!/:I. Allhe s:ame time, Úl~ Dep=ent 
:ccognizes and appreciare. Lockheed "-Lutin's focus on ""o,in~ the projecl ahead without 

dela.v, 

If you mwe any quemollS, please eomactme al (410) 53".3493, 

Si.occrely, 

J. .-. " J? 
,_l.t)'J~L 

Pe&,"y Smirh.Projecl }{anager 
Site aDd Bro\\nfields .\5sessm<:tJtS' 

Swe Superfund Di,isíon 

PS 

;;;;: ~fr, Richard Collins 
"-fr. Karl Kalbacbcr 

~lr, .-\nhur O'Connell 
:\.fr, Brion Dietz 
:\.fr. Seon \fOT~an 

,,!S. :S-isba B:m'5al, TelIl Tech 
~ls, Joanne Brooks, MAA 
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MARYLAND DEPARTMENT OF THE ENVIRONMENT 
2500 Broeoìng Highway' lIa1timOll:, MIl)'Ia.nd 21224 

(410) 631-3000' 1-800~33-6101 . bnp:lJv.....~..lIlde.wll..mdus 

Pmi, '>. GltnJemr-l: 

GoH~fl'1or 

~. 

ah ".4...- 2'. 2001 

M&. JemUfa SICVeIIS 

1ockh<:al MIIrtÙl. CESH 
7921 Soalhplrlt Plaza, Suite 210 

LittlelOn. CO 10120 

Re: Chemical De/ìrrøatio1l mui Modeling Wo,.t l'lan. J(evised Final V..,..súl1l. J,/artin 

State Airporl (MD-J04) 

Dear Ms. S~vms: 

The Marylaod DcpornnCDt of the En'1nmmalt (MDE), S~ Supcrluod Division 

has re\iewcd !he abov,,"rekteDCcd Wotk P1m. dm>:I October 8, 2001. Based upon 

3C<"CT&! e-mails and verbal corre5pOadcnees with yourCOllSwlant. rein Tecll. it is our 

understanding !hat ""'" will be t:alccn'to place bo~s in the bigh COUWXlÌDllIlt ="" 
ïdcntíficd in my c-mai1 to Nir.haB&DJaI of Tetra Tech on October 3Cl. 2001. "\\~1Ù1 this 

UlIderstallding, the MDE approves th. worIc plan. 

MDE rcseI"cI; the right lO r:cqut;St fìmher 5Ubsmface in_-estigatiOI1 9.t" later date. 

Tbt: two weJh propotoed in the worle pl3n llillllOl aleqU8lely delineøte the doep 

COD"'mÍl).mOtlIlÐQ complex stxati~y at m.. s;u" 8o~. 10 prevent further delays ttJ 

the implcmentlltiol1 oflhi. Wade. Plan. we SlIlll!cst n:<mting this issue once the propoocd 
....ode ha.< been completed ODd more ÌDfumlIIlÏOD is ómwable. 

If you have any questions., p1casc couract me at (410) 631-3493 '" c-mail me ax 

psmith'Íimde._.md.us. 

SÎllÇCft:ly. 
, - 

./.^~. _" .:J....:j. 
. 

II 
l'egg}' Smith. ProjÞ:t Manaeer 
Sure and Druwnfíelds Asst:SSlllCllui 

SIaJe SlIJlCdimd Division 

ps 

cc: Mr. Ricbard Collins 

Mr. K.rl Kalhach.... 

Mr. An 0'0>"""'11 

Ms. NlSha BDß8ll! 

mt;....,l.....'T.l$..JJ.U 
~"M~kMLù~~ ''Tørr~r 1f', c... a_II Up" 

IM~ T. Nj,hida 

S~CIJl<} 

fa 
~tf'''''' 
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FIGURE 2-1 
SITE LOCATION MAP r 
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FIGURE 2-2 
LOCATION OF AREAS OF CONCERN 

... 
~- 

, 

, 

~~ 
""'.. 

, 
" 

.. / 

',,", 

N 

t 
o '2&cJ' 500' 

-wv.afM'tt Soole 

TETRA TECH: MARTIN STATE AIRPORT, CHEMICAL DELINEATION AND MODELING REPORT 

Cad4Files/Projects/1 0825/Modeling/12-22-02/MSA 
_ 

ModelingFig_2-2_dwg 

PAGE 2-5 



:1 

1 

l 

1 

I 

1 

S'H'5 

I 

I 

r 

r 

r 

r 

r 

r '~ 
W-TA 

r 

r TETRA TECH: MARTIN STATE AIRPORT. CHEMICAL DELINEATION AND MODELING REPORT 

"'''--5$ 

015111'.1;; P'QI'<Ù '2 

PÞ.-13fj 

OIRT~__ 
""'" .~ 

PA.-7 

.:t 
/Ð.pA-9 

f"~,OS 

loIW-:tÂ 

\ 

FIGURE 4~1 

SUMMARY OF SOIL SAMPLE DATA 

N 

t 
a .,' n()' 

__Sol~ 
LEGEND 

$ Groundwater Sampling lÞeatIone 

$ Soli orn;I Grourm-oter Sumpll"; lÞclJtlone 

-+- Ooaep Groundwater Wonitorll'l9 w.n location. 

Erlent of Prwioul ExcoYatSonfTnMlCl'lint;! 

.. Eldt-tlng Monitoring Well Loeatlonl 

Iw ArMnic 
Hg ~l.lry Pb Lead 

Nabl: Only eoncentrnUon. >lndulJtrl(l! Rec. CnI shown In figure. 

f'-1>oc 

4to.-)l 
ì;q.-)l 

Ct?,s 
('A;-- 

ðl 
0A-12 

,,"",-13" 

PAGE;; 4.12 



I 

il FIGURE 4-2 
TCE CONCENTRATION CONTOURS OF THE PLUMES 
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FIGURE 4-3 

cis 1,2-DCE CONCENTRATION CONTOURS OF THE PLUMES 
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FIGURE 4-4 
VINYL CHLORIDE CONCENTRATION CONTOURS OF THE PLUMES 
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Table 5.2 Groundwater Level Monitoring in 12-hour Duration at Martin State Airport 

Date: 6m2002 

Groundwater Monitoring Wells 

MW-1 MW-2 MW-3 MW-4 MW-5 MW-6 DMW-1 DMW-2 

Time 
I 

Depth (II) Time 
, Depth 

Time 
I 

Depth (II) Time 
I 

Depth (II) Time 
I 

Depth (II) Time 
I 

Depth (Ill Time 
I 

Depth (II) Time 
I 

Depth (IIi 
(II) 

7:35 B.OEi 7:40 7.2. 7:36 8.9.:i~ 7:24 8.30 7:15 21.9f, 7:04 15.9~1 7:26 10.2" 7:17 21.30 

9:12 8.011 9:11 7.25 9:13 8.9.:i! 9:09 B.3~~ 9:06 22.OCI 9:0' 15.9Ei 9:10 10.2f\ 9:08 21.31 

11:12 8.0é~ 11:10 7.24 11:13 8.9~~ 11:07 8.3" 11:05 22.00 11:04 15.91;' 11:09 10.26 11:06 21.31 

13:12 8.02' 13:10 7.18 13:13 8.90 13:07 8.35ì 13:05 21.94 13:04 15.91 13:09 10.20 13:06 21.091 

15:13 8.00 15:11 7.13 15:15 8.90 15:09 8.33' 15:06 21.91 15:05 15.85 15:10 10.16' 15:07 21.00' 

17:14 7.9B, 17:12 7.13 17:16 8.9(!~ 17:09 8.2B 17:06 21.82 17:05 15.85 17:11 10.15, 17:08 21.02 

19:14 8.00 19:12 7.14 19:16 8.91 19:10 8.34 19:06 21.87 19:05 15.92 19:11 10.17 19:0B 21.07 

A\lElrage 6.03 7.19 8_91 8.32 21,93 15.91 10.20 21.16 

Difference between 
highest and lowest 0.1 0.12 0.Q2 0.1:17 0,18 0.11 0.11 0.31 
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Table 5-3 Field Measurements of Groundwater Heads 

6f7/2002 3/16/1999 212211996 8/15/1994 

Top ofPVC Depth to Ground Ground Water Depth to Ground Ground Water Depth to Ground Ground Water Depth to Ground Ground Water 
Welll.D. Elevatlon Ifeel) Water (feel) Elevation (feet) Water (feet) Elevation (feet) Waler (feet) Elevation (feet) Water (feet) Elevation (feet) 

MW.1 10.47 8.03 2.44 6.28 4.19 6.90 3.06 

MW-2 9.28 7.19 2.09 6.21 3.07 6.51 2.77 7.07 2.21 

MW.3 12.16 8.91 3.25 8.26 3,90 7,87 4,29 8,74 3.42 

MW-4 11.46 8.32 3.14 6.27 5,19 6.20 5,26 

MW.5 23.68 21.93 1.75 21.05 2.63 20.85 2.83 

MW.6 17.75 15.91 1.84 14,7 3,05 14.30 3.45 

PZ'2 12.13 Not Sample N/A 7.95 4,18 

DMW.1 11.95 10.204 1,746 

DMW.2 21.62 21.157 0.463 

Note: 

The top PVC elevation of MW.1 was 9.96 teet msl before a damage was observed May, 1999. 

It was used to determined the groundwater elevations measured on 8/15/1994. 
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Site Specific Data 

Total 

1"",....1tv .~~ OttiÐnll;Cl 

Gr,v c_ Toll' . 

SamakllO OeøcrlÞtlan 19;'em~ 'G(g/cm~ Pt:n'o.itv 1"1 

DMW.l/Hl-12' OrM"a8rown,Sanl1 ", j,381 ,2.65 0.479 " 

DMW.I'15-17') Ora cia 1.147 V>7 057G " 

DMW-1':l{I.32' White 10 lIoWbrO....f1,SIU sand LU2 2.66 0.522 " 

OMW.l'45.47' whlleela ....llhsaf1d~Bam 1,321 ,." 0.503 " 

OMW-l '55.57' Red- &~owO'own. .lIit saM 1.192 2.65 0.550 0.79 

OMW,I'80.B2' Whilll.silil.tlae sam' 1.225 229 0.465 , 

OMW.lflOO'\ RlItI. eliowbrOWflClay 1.329 2.(\8 0.504 ,., 

DMW.2Izn.22'1 Dar~n,a\lc!a\l '.022 2_55 0.614 " 

OMW'212!>.21'\ WtJilelQnalebfowncLw 1.278 2.85 a.SHI " 

DP.lW.2135-37' Yellown brown santl 1,105 '" 0.58.1 " 

OMW.2135.37' G.racla 1.221 "267 0.M3 0.94 

OMW.2IS5-57' Orane.sltil ,,'" 1.261 2.63 13.513 V 

OMW.2l95' Whilll,salld ,', 1328 266 O.!101 " 

OMW.2l110' a't1wntlav 1,344 2.16 0.318 1.2 

PA.2.GT.$C j,'!!2a 267 0,315 0.12 

PA3.GT.SC 1120 2.65 0,350 " 

PA.(ß.GT-5DC 1333 ,." 0480 1.32 

ÞA.16GT.PC 1506 '" 0.430. '''' 
S8.7-0T'55 1786 2.63 0320. '''' 

IAVerage 1348 G.48\ 1,363 '" 

.. 
Ij 
m 

?: 
" 

Table 5-4 Soil Parameters 

Averaae in Layer 

Bulk Don.1tv I..eìn~ TobilPoro. Toc'''' 

1!S'tø-15' -15'(0-40' -40'to-1O' 15'to.15' -1S'IQ.40' -40'to.10' 15'10.15' -15'to-4O' -40' to -70' 

138 '" 2,50 

115 0,57 1.70 

127 052 1.150 

132 050 1.'10 

119 055 OJ9 

123 0.48 '00 

1.02 061 UO 

1.28 0.52 1.20 

1.\1 {l,58 1,30 

1.22 0.5~ o û~ 

\,21"1 (1,51 ,,, 
\33 O,SO '" 

\,83 1.83 1.83 032 0.32 0,'32 ll.l? 012 012 

1.72 1.72 1.72 0,~5 0.:15 0:15 '" OW 010 

t.:lJ 1,:13 1.33 046 (Me '" 1.3:- I:);> 1.:12 

1,51 151 151 043 0-1.1 0.'\3 1(\1; 1M 11)/\ 

179 1.79 119 032 032 032 1,06 '''' '''' 

I I 1.41 L47 149 041 0'< 043 121 120 0112 



Table 5-5 Retardation Factor Estimates for the Mass Transport Model 

1m =l+K -Eìl 
d 

n~, 

Parameters Layer 1 Layer 2 Laver 3 

Elevation (msl) 15' to -15' -15' 10-40' -40' to -70' 

Thickness (ft) 30 25 30 

Bulk Density (Pb)(g/cm3) 1.41 1.47 1.49 

Effective Porosity' (n.) 
. 

0.28 0.32 0.29 

Toc ('Yo) 1.21 1.2 0.82 

Koc(mUg) 166 166 166 

TCE 
Kd 2.0 2.0 1.4 

Rd 9.9 11.1 8.2 

Koc{ml/g) 35.5 35.5 35.5 

cis-1,2-DCE Kd 0.43 0.43 0.29 

Rd 2.89 3.16 2.55 

Koc(mllg) 18.6 16.6 18.6 

Vinyl Chloride 
Kd 0.23 0.22 0.15 

Rd 1.99 2.13 1.81 

Note: 

Effective Porosity = Total Porosity - 0.15 

Kd = Koe x Toe 

TETRA TECH: MARTIN STATE AIRPORT, CHEMICAL DELINEATION AND MODELING REPORT PAGE 5-14 
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Figure 5-1 Conceptual Model Boundaries 
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Figure 5-2 Field Measurements and Contours of Groundwater Head 
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Figure 5-3 Model Domain on Horizontal Plane 
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Figure 5-4 Hydraulic Conductivity Values on Layer 1 
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Figure 5-5 Hydraulic Conductivity Values on Layer 2 
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Figure 5-6 Hydraulic Conductivity Values on Layer 3 
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Figure 5-7 Groundwater Contours Simulated by 

the Calibrated Model 
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Figure 5-8 Groundwater Contours Simulated by 

the Calibrated Model for Verification 
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Figure 5-9 Groundwater Contours of Dynamic 

Average of Groundwater Flow Conditions 
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