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PREFACE 

Fort Devens was placed on the National Priority List (NPL) on December 21, 
1989, under the Comprehensive Environmental Response, Compensation, and 
Liability Act (CERCLA, Superfund) as amended by the Superfund Amendments 
and Reauthorization Act (SARA). Subsequently, under Public Law 101-510, the 
Defense Base Realignment and Closure (BRAC) Act of 1990, Fort Devens was 
selected for cessation of operations and closure. Fort Devens was officially closed 
in September 1996 and a majority of the property was transferred to the Devens 
Commerce Center. AOC 63BD is located in the area transferred to the Devens 
Commerce Center. 

In conjunction with the U.S. Army's Installation Restoration Program, Fort 
Devens and the U.S. Army Environmental Center (USAEC) developed a Master 
Environmental Plan (MEP) in 1988. The MEP consisted of assessments of the 
environmental status of study areas, specified necessary investigations, and 
provided recommendations for response actions with the objective of identifying 
priorities for environmental restoration at Fort Devens. Areas Requiring 
Environmental Evaluation (AREEs) were identified and investigations were 
conducted in order to determine where removal actions were necessary. 

Based on the results and findings of an underground storage tank removal and 
subsequent site evaluations at AREE 63BD, it was recommended that further 
investigation of groundwater contamination be conducted. In compliance with the 
Federal Facility Agreement (Interagency Agreement), the AREE was transferred 
into the Remedial Investigation/Feasibility Study (RI/FS) process and 
redesignated as Area of Contamination (AOC) 63BD. 

ABB Environmental Services, Inc. (ABB-ES) was tasked by the USAEC in 1996, 
to conduct the RI/FS at AOC 63BD to further assess the nature and distribution 
of contaminants detected in groundwater during the previous investigations. The 
field program for the RI was completed in the summer of 1996. 

Concurrent with the field investigation at AOC 63BD, the Devens Commerce 
Center took control of the land associated with AOC 63BD. In an effort to 
appropriately remediate the site, and to facilitate the land transfer, the RI/FS 
process at AOC 63BD was stopped and the site was administratively transferred 
back to the site investigation process. A consensus statement between the U.S. 
Army, U.S. Environmental Protection Agency, Massachusetts Environmental 
Protection Agency, and the Devens Commerce Center has been prepared to 
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PREFACE 

document this transfer. The soil contamination detected below the former 
heating oil underground storage tank was removed by the U.S. Army Corp of 
Engineers - New England Division (USA CE-NED) in November 1996 and 
subsequent groundwater monitoring will be conducted by the Devens Commerce 
Center using the Massachusetts Department of Environmental Protection's 
guidance. 
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EXECUTIVE SUMMARY 

Area of Contamination (AOC) 63BD is the site of a previously removed 
1,000 gallon underground storage tank (UST) used to store No. 2 fuel oil at 
Building 1666 located on the northeast side of the former Main Post at Fort 
Devens. Building 1666, now abandoned, is one of a group of former enlisted 
men's barracks located near Antietam, Carey, and Buena Vista streets. The UST, 
identified as UST 26, was located on the northwest side of Building 1666. 

UST 26 was removed by ATEC Environmental Consultants in January 1992 as 
part of the Fort Devens UST Removal program, and soil samples were collected 
from the sidewalls and bottom of the shallow (8 feet below ground surface [bgs]) 
excavation to assess whether residual fuel contamination existed. Analytical 
results showed total petroleum hydrocarbon (TPHC) concentrations up to 375 
micrograms per gram (µg/ g) in soil and indicated that contamination may have 
reached groundwater. Additional soil was removed to a depth of 14 feet bgs in 
July 1992, and additional samples were collected to assess whether residual fuel 
contamination still remained. These new soil samples from the excavation bottom 
and sidewall showed TPHC concentrations of up to 3,630 µg/ g. 

As a result, an extensive soil TerraProbesM survey was conducted by ABB 
Environmental Services, Inc. (ABB-ES) in 1992 as part of a Preliminary Site 
Investigation (PSI) at AOC 63BD. Samples from the TerraProbe5M survey showed 
field analytical TPHC concentrations of up to 2,900 parts per million (ppm) in 
soil. No target volatile organic compounds (VOCs) (benzene, toluene, 
ethylbenzene, or xylene) were detected. 

In 1994, a Supplemental Site Evaluation (SSE) was conducted by ABB-ES to 
further assess the distribution of soil contamination and determine if groundwater 
had been adversely impacted. A second TerraProbe5M survey, groundwater 
monitoring well, and soil boring program were completed. The results of the 
TerraProbe5M sampling and field analysis showed TPHC concentration as high as 
2,800 ppm. The results of the soil boring program showed TPHC concentrations 
up to 1,770 µg/g. Results of the groundwater sampling indicated that VOCs, 
semivolatile organic compounds (SVOCs), and TPHC were present in the 
groundwater at AOC 63BD. 

A Preliminary Risk Evaluation (PRE) for soil and groundwater was completed 
and presented in the SSE report. The PRE concluded that residual subsurface 
soil contamination in the vicinity of Building 1666 does not present unacceptable 
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EXECUTIVE SUMMARY 

human health risks; however, it was considered as a continuing source of 
groundwater contamination. The concentrations of VOCs, SVOCs, and TPHC 
detected in groundwater exceeded drinking water and groundwater standards 
(ABB-ES, 1994). 

Based on these investigation findings, it was recommended that further 
investigation of groundwater contamination at AOC 63BD be conducted. In 
compliance with the Interagency Agreement (IAG), the site was transferred into 
the Remedial Investigation/Feasibility Study (RI/FS) process under CERCLA 
and Area Requiring Environmental Evaluation (AREE) 63BD was redesignated 
AOC 63BD. 

ABB-ES conducted RI/FS activities at AOC 63BD in accordance with the plans 
and rationale presented in the Task Order Work Plan (ABB-ES, 1996) and in 
conformance to the methods, procedures, and requirements set forth in the Final 
Project Operations Plan (POP) prepared by ABB-ES for activities conducted at 
Fort Devens (ABB-ES, 1995). 

As proposed in the Task Order Work Plan, activities were performed to establish 
the nature and distribution of contamination at the site and to evaluate potential 
risks to human health presented by the contaminants. The following specific 
activities were completed at AOC 63BD as part of the RI: 

W012961.080 

• Background Historical Research - as a means to further understand 
and better characterize the contaminant release scenarios at AOC 
63BD; 

• Installation of five Groundwater Monitoring Wells - as a means to 
gather information on the distribution of dissolved phases of 
contaminants, monitoring possible free-phase product thicknesses, 
and characterize aquifer hydraulic properties; and 

• Collection and Analysis of Soil and Groundwater Samples -
including both field and off-site laboratory analysis, to provide 
information necessary to evaluate contaminant distribution and 
assess potential risks to human health and the environment. 

ABB Environmental Services, Inc. 
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EXECUTIVE SUMMARY 

The results of the RI field investigation indicated that residual petroleum 
contamination appears to be limited to the soil from directly below the former 
heating oil UST to approximately 20 feet downgradient. The results of the field 
analysis and off-site laboratory analyses indicated that site-related contaminants 
were present in groundwater directly below the former heating oil UST but had 
not migrated downgradient at concentrations above federal or state drinking water 
standards. 

Based on the results of the RI field work, it is recommended that a soil removal 
be conducted to eliminate the existing soil contamination between 14 feet bgs and 
the water table (approximately 27 feet bgs). In addition, groundwater monitoring 
should be conducted at the site to evaluate potential future risks to human health. 
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SECTION 1 

1.0 INTRODUCTION 

This Site Investigation (SI) Report (Data Item A013) for Area of Contamination 
(AOC) 63BD at the Devens Reserve Forces Training Area (Devens RFTA), was 
prepared by ABB Environmental Services, Inc. (ABB-ES) as a component of Task 
Order 0007 of Contract DACA31-94-D-0061 with the U.S Army Environmental 
Center (USAEC). This report details the results of the Remedial Investigation 
(RI) program at AOC 63BD, which was completed in accordance with relevant 
USAEC and U.S. Environmental Protection Agency (USEP A) guidance. Prior to 
the beginning of the field effort associated with this AOC, this Task Order 
No. 0007 was administratively transferred from the USAEC to the U.S. Army 
Corps of Engineers-New England Division (USACE-NED). Therefore, this report 
has been issued as a USACE-NED document. In addition, prior to the end of the 
RI field investigation AOC 63BD was administratively moved from the 
RI/feasibility study (FS) program under CERCLA, to the SI program in order to 
appropriately remediate the soil and groundwater contamination detected at the 
AOC, and to expedite the transfer of the property to the Devens Commerce 
Center (DCC). 

1.1 PURPOSE AND SCOPE 

The scope of work for the RI field investigation at AOC 63BD was specified by 
the USAEC based on previous studies and investigations and USEP A and 
Massachusetts Department of Environmental Protection (MADEP) comments on 
prior investigations conducted by ABB-ES at this AOC. The purpose of the RI 
field investigation was to fully evaluate the nature and distribution of site-related 
contamination. 

Prior investigations included an underground storage tank (UST) removal, 
preliminary SI activities, and Supplemental Site Evaluation (SSE) activities. 
These activities, directed by USAEC and USACE-NED, were undertaken to 
establish the presence or absence of site-related contaminants in groundwater and 
subsurface soil at AOC 63BD. Data .were collected in order to provide a basis for 
evaluating and recommending remedial alternatives for potential site remediation, 
if necessary. The following activities were included in the preliminary SI, SSE, 
and RI: 
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SECTION 1 

• soil borings and subsurface soil sampling for field and off-site 
laboratory analysis; 

• installation of groundwater monitoring wells and the sampling of 
groundwater for off-site laboratory analyses; 

• aquifer testing; 

• geophysical survey; and 

• vertical and horizontal location surveys. 

1.2 REPORT ORGANIZATION 

Preparation of this SI Report consisted of characterizing the geologic and 
hydrogeologic conditions and assessing the distribution and migration of 
contaminants receptors, and evaluating potential effects of identified chemicals on 
human receptors. The content and presentation of the report relies heavily upon 
figures and tables that present the data in the context of exploration locations on 
site maps; The text within the report supports the figures, and provides detail, 
interpretation, and analysis that cannot be presented in figures. 

After acquiring and evaluating the field and off-site laboratory data, ABB-ES has 
prepared this SI Report for AOC 63BD in accordance with USEP A, USACE­
NED, and USAEC guidance. The report describes the field methods employed 
and summarizes and evaluates the relevant background information, results, and 
conclusions from previous investigations, presents the RI field and off-site 
laboratory data, assesses the potential human health risks, and includes 
conclusions and recommendations. 

Section 1.0 is the introduction to the report, Section 2.0 of this report describes 
the site background, previous investigations, RI field activities, and the field and 
off-site laboratory analytical program used during the RI. Section 3.0 presents the 
geologic and hydrogeologic conditions, summarizes the RI data, source evaluation 
and contaminant migration potential, presents the human health preliminary risk 
evaluation (PRE), and outlines the recommendations and conclusions. Figures 
and tables associated with each section are presented at the end of each section. 
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SECTION 1 

1.3 REMEDIAL INVESTIGATION OBJECTIVES 

The objective of the RI at AOC 63BD was to perform field program in 
accordance with relevant USEP A guidance and in compliance with USAEC­
approved field methods and procedures. The purpose of the RI field program at 
AOC 63BD was to further define the site contaminants detected in soil and 
groundwater during the previous UST removal and investigations, and to 
determine whether remediation of the identified site contaminants was warranted. 

1.4 PROJECT APPROACH 

To meet the RI objectives, a significant effort was focused on the production of 
RI planning documents. The planning documents were developed in compliance 
with the appropriate regulatory guidance for remedial investigations, and 
considered regulatory and Army comments and results of previous investigations. 

The project plans were designed to answer data gaps identified from the previous 
investigations and gather additional data on the physical conditions of the AOC, 
the nature and distribution of site-related contaminants, and determine the 
potential impact of site-related contaminants on human receptors. 

1.4.1 Project Operations Plan 

The principal planning document was the ABB-ES Fort Devens Project 
Operations Plan (POP) (ABB-ES, 1995), which provides detailed descriptions and 
discussions of the elements essential to conducting field investigation activities. 
The POP was revised between the 1994 and 1995 field investigations to include 
new sampling techniques. The purpose of the POP is to define responsibilities 
and authorities for data quality, and to define requirements for assuring that the 
field investigation activities undertaken by ABB-ES at Fort Devens are planned 
and executed in a manner consistent with USAEC quality assurance (QA) 
program objectives. The POP includes the specified elements of a Sampling and 
Analysis Plan (SAP) and Health and Safety Plan (HASP). The SAP includes the 
essential elements of the Quality Assurance Project Plan ( QAPP) and the Field 
Sampling Plan (FSP). USEP A has prepared guidance on the preparation of a 
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POP in "Guidance for Preparation of Combined Work/Quality Assurance Project 
Plans for Environmental Monitoring" (OWRS QA-1: May 1984). The guidance 
was designed to eliminate the necessity for preparation of multiple, redundant 
documents. 

Requirements of the POP were applied to ABB-ES and subcontractor activities 
related to the collection of environmental data at Fort Devens. The POP adheres 
to the requirements and guidelines contained in the "USAEC QA Program, 
January 1990" for collection and analysis of samples, and the USAEC 
"Geotechnical Requirements for Drilling, Monitoring Wells, Data Acquisition, and 
Reports, March 1987" for the installation of borings and monitoring wells, and for 
land survey location. In addition, the POP meets guidelines of USAEC chain-of­
custody (COC) procedures. 

The POP provides guidance and specifications to ensure that samples are 
obtained under controlled conditions using appropriate, documented procedures; 
and that samples are identified uniquely and controlled through sample tracking 
systems and COC protocols. The POP also includes specifications to ensure that 
field determinations and off-site· laboratory analytical results are of known quality 
and are valid, consistent, and compatible with the USAEC chemical data base 
through the use of certified methods, preventive maintenance, calibration and 
analytical protocols, quality control (QC) measurements, review, correction of out­
of-control situations, and audits. The POP also specifies the methods and 
procedures to be used to ensure that calculations and evaluations are accurate, 
appropriate, and consistent throughout the projects; generated data are validated 
and their use in calculations is documented; and records are retained as 
documentary evidence of the quality of samples, applied processes, equipment, 
and results. 

The HASP was prepared as an integral element of the POP in accordance with 
the same schedule and review requirements (ABB-ES, 1995, Appendix A). The 
HASP complies with EM 385-1-1, AMC-R-385-100, and Fort Devens safety 
requirements, as well as Occupational Safety and Health Administration (OSHA) 
Regulations 29 CFR 1910.120. The HASP development was based on appropriate 
information contained in previous investigation documents from Fort Devens. 
The HASP portion of the POP ensures that health and safety procedures are 
maintained by requiring inclusion of the health and safety staff function in the 
project organization. 
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1.4.2 Task Order Work Plan 

The background, rationale, and specific scope for the RI are set forth in another 
planning document, the Task Order Work Plan. The Final Task Order Work 
Plan for AOC 63BD was prepared under contract DACA31-94-D-0061 Task 
Order No. 0007 (ABB-ES, 1996b). The Final Task Order Work Plan was 
developed to comply with the Massachusetts Contingency Plan (MCP) (310 Code 
of Massachusetts Regulations [CMR] 40.000); the Comprehensive Environmental 
Response, Compensation, and Liability Act (CERCLA), as amended by the 
Superfund Amendments and Reauthorization Act (SARA) of 1986; the corrective 
action provisions of the Hazardous and Solid Waste Amendments; and the Toxic 
Substances Control Act. Work conducted under the Final Task Order Work Plan 
was performed in accordance with the provisions of the Federal Facility 
Agreement (FFA) (USEPA and Army, 1991), and USAEC guidelines. 

The background information provided in the Final Task Order Work Plan for 
AOC 63BD was based largely on information in the Master Environmental Plan 
(MEP), review of installation documents, observations made during site visits, 
interviews with installation personnel, and previous investigations. Summaries of 
each of these activities and discussions of specific field activities to be conducted 
under Task Order No. 0007 were included in the Final Task Order Work Plan. 
The discussions focused specifically on the objectives and scope of proposed RI 
activities. 
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SECTION 2 

2.0 AOC 63BD REMEDIAL INVESTIGATION 

2.1 INSTALLATION BACKGROUND 

Devens (formerly Fort Devens) is located in the towns of Ayer and Shirley 
(Middlesex County) and Harvard and Lancaster (Worcester County), 
approximately 35 miles northwest of Boston, Massachusetts. It lies within the 
Ayer, Shirley, and Clinton map quadrangles (7½-minute series). The installation 
previously occupied approximately 9,260 acres and was divided into the North 
Post, the Main Post, and the South Post (Figure 2-1). Presently, Devens RFTA 
occupies approximately 6,000 acres and includes a small portion of the former 
North Post and Main Post, and the entire South Post. 

Formerly, over 6,000 acres at Fort Devens was used for training and military 
maneuvers, and over 3,000 acres were developed for housing, buildings, and other 
facilities; the installation was reported as the largest undeveloped land holding 
under a single owner in north-central Massachusetts (U.S. Fish and Wildlife 
Service (USFWS], 1992c). 

The South Post is located south of Massachusetts Route 2 and is largely 
undeveloped. The Main Post and North Post primarily contained developed 
lands, including recreational areas ( e.g., a golf course and Mirror Lake), training 
areas, and an airfield. AOC 63BD is located on the northern side of the former 
Main Post, but outside the existing Devens RFfA (see Figure 2-1). 

A complete summary of Devens history is presented in Section 2.0 of the 
Groups 3, 5, and 6. Revised Final SI Report (ABB-ES, 1996a). 

2.2 SITE BACKGROUND 

2.2.1 AOC 638D Background 

AOC 63BD is the site of a previously removed 1,000 gallon UST used to store 
No. 2. fuel oil at Building 1666 located on the northeast side of the former Main 
Post at Fort Devens (see Figure 2-1). Presently, the property is a lease parcel to 
the DCC. Building 1666, now removed, was one of a group of former enlisted 
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SECTION 2 

men's barracks located near Antietam, Carey, and Buena Vista Streets. The UST, 
identified as UST 26, was located on the northwest side of Building 1666 
(Figure 2-2). All of the figures associated with this SI Report depict the AOC 
prior to the demolition of the barracks in November 1996. 

2.2.2 UST Removal Program 

UST 26 was excavated and removed from the site on January 9 and 13, 1992 by 
ATEC Environmental Consultants, Inc. (ATEC). 

The excavation at closure measured 7.5 feet by 15.5 feet and was 5.5 feet below 
ground surface (bgs ). Groundwater was not encountered in the excavation. 
Confirmatory soil samples were collected by A TEC from the sidewalls and floor 
of the excavation and were field-screened for volatile organic compounds (VOCs) 
in soil-jar headspace using a photoionization detector (PID) and for TPHC using 
infrared spectroscopy (IR). Two of the soil samples were analyzed in an off-site 
laboratory for TPHC using USEPA Method 418.1. Field screening detected 
TPHC concentrations ranging from 6.5 micrograms per gram (µg/g) to 932 µg/g, 
and the off-site laboratory results indicated TPHC concentrations of 94 µg/g 
(southwest sidewall [RS-1]) and 375 µg/g (bottom [RS-2]) (ATEC, 1992 and 1993) 
(Table 2-1). 

On July 21, 1992, additional contaminated soil was removed by ATEC from the 
floor and sidewalls at the direction of the Fort Devens Contracting Officer in 
conjunction with the MADEP. The excavation was enlarged to an area 14 by 
19 feet and initially to a depth of 8 feet bgs (Figure 2-3). Four confirmatory soil 
samples were collected from the sidewalls, and one from the floor. The samples 
were field-screened for headspace VOCs using a PID. Total VOC concentrations 
in the sidewall samples were all at or below 5 parts per million (ppm). The 
bottom sample (at a depth of 8 feet bgs) had total VOCs of 60 ppm. Additional 
lifts of soil were removed from the bottom of the excavation, and total VOCs in 
the successive bottom soil samples were 70 ppm ( at a depth of 10 feet bgs ), 
80 ppm (at a depth of 12 feet bgs), and 95 ppm (at a depth of 14 feet bgs) (see 
Table 2-1). 

The final depth of the excavation was 14 feet bgs. ATEC collected two soil 
samples from the excavation for off-site laboratory analysis. TPHC was detected 
in the southeast sidewall (depth 12 feet bgs [RSS-2]) at 3,630 µg/g an~ in the 
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northeast sidewall (depth 12 feet [RSS-1]) at 514 µg/g (ATEC, 1993f) (see 
Table 2-1). 

ATEC lined the tank excavation with polyethylene sheeting and backfilled it with 
uncontaminated fill material (A TEC, 1993f). 

2.2.3 Preliminary Site Investigation Program 

In September 1992, at the request of the USAEC, ABB-ES conducted a 
TerraProbesM survey around the former UST excavation to determine the 
distribution of petroleum contamination in subsurface soil. A preliminary site 
investigation (PSI) was completed, and a total of 21 soil samples was collected 
from ten TerraProbe8M points (66001 through 66010) (Figure 2-4). The samples 
were screened in the field for TPHC by IR and for benzene, toluene, 
ethylbenzene, and xylenes (BTEX) by gas chromatograph (GC). Field screening 
results are presented in Table 2-2. BTEX was not detected in any of the samples. 
TPHC was detected in only four of the samples. The highest concentration 
(2,900 µg/g) was in the 9-foot bgs sample from TerraProbe5

M 66010, in the center 
of the excavation (see Table 2-2 and Figure 2-4). The reason for such a high 
concentration of TPHC within the reported depth of clean fill was not 
determined. 

Based on the PSI data and the UST removal findings, this site was designated as 
an area requiring environmental evaluation (ARBE) and designated as 63BD. A 
soil removal was recommended for this AREE, and it was administratively 
transferred to the USACE-NED to have the soil removal completed. 

2.2.4 Supplemental Site Evaluation Program 

An SSE was completed by ABB-ES in 1994 under contract to USACE-NED to 
estimate the volume of soil, and potential groundwater contamination, to aid in 
the design of soil removal action. The first phase of the SSE field program was 
developed and executed based on the reported distribution of contaminants in the 
UST removal excavation and PS1. 

The program began with a ground-penetrating radar (GPR) survey to clear 
locations for subsurface sampling. The survey also helped delineate the extent of 
the former excavation. 
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An SSE TerraProbesM survey was conducted in December, 1993 with a total of 9 
soil samples collected at five locations (see Figure 2-4). The soil samples were for 
field analysis by IR for TPHC and by PID for total VOCs in soil-jar headspace. 

A soil boring (1666B-01X) was drilled based on the TerraProbesM screening 
results within the excavation (see Figure 2-4). Four soil samples were collected 
and screened for TPHC and VOCs. The two soil samples with the highest TPHC 
concentrations were selected for off-site laboratory analysis for VOCs, semi­
volatile organic compounds (SVOCs), and TPHC (Table 2-4). 

To assess groundwater conditions below AOC 63BD, a monitoring well 
(1666W-01X) was installed at a location interpreted to be downgradient from the 
excavation (see Figure 2-4), based on the Main Post computer groundwater flow 
model developed by Engineering Technologies Associates, Inc. (ETA, 1995). The 
well was developed, and a groundwater sample was collected and analyzed in the 
off-site laboratory for VOCs, SVOCs, and TPHC. At the request of the MADEP, 
a second phase of the SSE was undertaken consisting of an additional round of 
sampling in monitoring well 1666W-01X and the installation, development, and 
sampling of monitoring well 1666W-02X (see Figure 2-4). The additional 
groundwater samples were analyzed for VOCs, SVOCs, and TPHC (ABB-ES, 
1994 ). Soil boring logs, monitoring well installation diagrams, and field data 
sheets from the SSE are included in Appendices A, B, and C of this report. Off­
site laboratory data is presented in Appendix D. 

2.2.4.1 Soil Sample Results. The highest field analytical TPHC concentration 
(2,800 µg/g) was detected in the 14-foot bgs TerraProbesM sample (1666T-04X) 
from between Building 1666 and the excavation, and a fuel odor was observed in 
that sample. TPHC was detected at 78 µg/g in the 10-foot bgs sample from 
TerraProbesM 1666T-02X, and that sample also had a fuel odor. The highest 
VOC concentrations were in TerraProbessM 1666T-03X and 1666T-04X (see 
Table 2-2 and Figure 2-4). 

Soil boring 1666B-01X was drilled between TerraProbessM 1666T-03X and 
1666T-04X (see Figure 2-4). Field screening results showed that total VOC 
concentrations were 142 ppm in the 15-foot bgs sample, 121 ppm in the 20-foot 
bgs sample, 175 ppm in the 25-foot bgs sample, and 36 ppm in the 30-foot bgs 
sample. TPHC concentrations were 3,040 ppm in the 15-foot bgs sample, 
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3,500 ppm in the 20-foot bgs sample, 2,300 ppm in the 25-foot bgs sample, and 
76 ppm in the 30-foot bgs sample (see Table 2-3). 

Based on these field screening results the 15- and 20-foot bgs samples were 
submitted for off-site laboratory analysis. The 25-foot bgs soil sample was 
collected from just above the water table. TPHC was detected at 1,360 µg/ g in 
the 15-foot bgs sample and at 1,770 µg/g in the 20-foot bgs sample. Methylene 
chloride and acetone were detected in both samples, but were also detected in the 
associated method blanks and were attributed to off-site laboratory contaminants. 
Toluene and ethylbenzene were detected at concentrations below the sample 
quantitation limits in the 15-foot bgs sample, and total xylene concentrations were 
0.3 µg/g and 0.21 µg/g in the 15- and 20-foot bgs samples, respectively. SVOCs 
were detected in both soil boring samples (Table 2-4) (ABB-ES, 1994). 

2.2.4.2 Groundwater Results. A groundwater sample was collected in February 
1994 from monitoring well 1666W-01X, and was analyzed at an off-site laboratory 
for VOCs, SVOCs, and TPHC. TPHC was not detected in the sample. 
Methylene chloride, toluene, and ethylbenzene were present at concentrations 
below the sample quantitation limit, and the concentration of total xylenes was 
21 micrograms per liter (µg/L). Bis(2-ethylhexyl)phthalate and di-n­
butylphthalate were detected at concentrations below the sample quantitation 
limits, and di-n-butylphthalate was also detected in the associated method blank. 
Both of these phthalate compounds were attributed to off-site laboratory 
contamination (Table 2-5). 

An additional round of groundwater samples were collected in January 1995 from 
monitoring wells 1666W-01X and 1666W-02X. Contaminant concentrations were 
higher in both wells in January 1995 than in the February 1994 sample collected 
from well 1666W-01X. Toluene, ethylbenzene, and xylenes were detected in both 
wells in January 1995 with higher concentrations (toluene 53 µg/L, ethylbenzene 
36 µg/L, xylenes 280 µg/L) in the sample from monitoring well 1666W-02X. 
Naphthalene was detected only in monitoring well 1666W-01X, at 46 µg/L. The 
SVOCs 2-methylnaphthalene (maximum concentration 20 µg/L in well 
1666W-01X) and 1-methylnaphthalene (maximum concentration 58 µg/L in well 
1666W-02X) were also detected. Fluorene and di-n-butylphthalate were detected 
below the sample quantitation limits in well 1666W-02X. Di-n-butylphthalate was 
also detected in the associated method blank, and appears to be attributable to 
off-site laboratory contamination. Bis(2-ethylhexyl)phthalate was detected below 
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the sample quantitation limit in well 1666W-01X and at 60 µg/L in well 
1666W-02X. TPHC was detected in both monitoring wells (maximum 
concentration 3,610 µg/L in well 1666W-02X) (see Table 2-5). 

2.2.4.3 SSE Preliminary Risk Evaluation Summary. A PRE was completed for 
soil and groundwater as part of the SSE. Although the maximum detected 
concentration of TPHC in subsurface soil was above the MCP S-2 soil standard 
for TPHC, it is below ABB-ES' calculated commercial/industrial soil 
concentration for No. 2 fuel oil (Table 2-6). Furthermore, the average TPHC soil 
concentration was well below both screening guidelines. 

The detected concentrations of VOC, SVOC, and TPHC in groundwater exceeded 
their respective drinking water and/ or groundwater standards (Table 2-7). 

Based on the findings of this SSE PRE, residual soil contamination in the vicinity 
of AOC 63BD did not appear to present unacceptable human health risks. 
However, the contaminants detected in groundwater would pose an unacceptable 
human health risk as a drinking water source. 

A complete presentation of the human health PRE findings can be found in the 
Final SSE Report (ABB-ES, 1994). 

Upon completion of the SSE, it was recommended that an RI/FS be completed to 
further assess the distribution of groundwater contamination at this site, assess 
associated human health risks, and develop appropriate remedial alternatives. 
The site designation was changed from AREE 63BD to AOC 63BD at this time. 

2.3 REMEDIAL INVESTIGATION FIELD ACTMTY SUMMARY 

The RI field investigation was conducted in conformance with the RI/FS Task 
Order Work Plan (ABB-ES, 1996b) and the Final Fort Devens POP (ABB-ES, 
1995). 

The RI field program for AOC 63BD consisted of: 

• performing a geophysical surveys for clearing utilities; 
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• drilling and installation of two piezometers and one monitoring well; 

• drilling of four soil borings for monitoring well installation; 

• installing of four monitoring wells; 

• subsurface soil sampling for field and off-site laboratory analysis; 

• field analysis of environmental samples using a field gas 
chromatograph (GC); 

• well development; 

• one round of groundwater sampling for off-site laboratory analysis; 

• aquifer conductivity testing; and 

• horizontal and vertical survey of explorations. 

ABB-ES established a project field office in Building 88 on Pine Street at Devens' 
RFf A. The field office was used for equipment storage and maintenance, sample 
management, shipping and receiving, staff meetings, and communications. A 
radio base-station and telephone were maintained in the field office; each field 
crew was issued a hand-held radio. An equipment decontamination pad was 
constructed at Building 202 located approximately one-half mile from AOC 63BD. 
ABB-ES and subcontractor staff were briefed about the nature of the site, health 
and safety information, Devens traffic regulations, and key technical requirements. 

ABB-ES began implementation of the RI field program in June 1996, with 
geophysical surveys to identify buried utilities. The soil boring and monitoring 
well and piezometer installation program was begun and completed in July 1996. 
The new monitoring wells were developed and sampled in July 1996. A second 
round of sampling was proposed in the Task Order Work Plan, but due to the 
administrative changes at the AOC, it was not collected. 

The subcontractors used by ABB-ES in conducting the RI program were as 
follows: 
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• New Hampshire Boring, Derry, NH - Drilling and monitoring well 
installation. 

• ESE, Gainesville, FL - Chemical analysis of environmental samples. 

• Groundwater Analytical, Needham, MA - Chemical analysis of 
environmental samples. 

• L.J. Ducharme Associates, Bolton, MA - Surveying of site 
explorations. 

2.4 REMEDIAL INVESTIGATION ANALYfICAL PROGRAM 

The analytical program for the RI was designed to identify contaminants that 
were expected, based on previous investigation, to be encountered at AOC 63BD. 
The program included an extensive range of organic and inorganic analytes. The 
specific analyses performed on soil samples collected from AOC 63BD included 
MADEP's volatile petroleum hydrocarbon (VPH) and extractable petroleum 
hydrocarbon (EPH) method, USEPA's total petroleum hydrocarbon (TPHC) 
analysis (Method 418.1 ), grain size distribution analysis, and total organic carbon 
(TOC). Groundwater samples were also analyzed for VPH/EPH, TPHC, and 
water quality and bioremediation parameters ( alkalinity, chloride, sulfate, sulfide, 
nitrate/nitrite, phosphorus, TOC, hardness, total iron, dissolved iron, methane, 
and total aerobic heterotrophs ). 

The results of the VPH and EPH analyses will be presented with the appropriate 
adjusted toxicity values in accordance with MADEP guidelines (MADEP, 1994). 

2.4.1 Field Laboratory Analyses 

To develop screening information to aid in the placement and selection of boring, 
monitoring well, and sample locations, selected soil samples were analyzed in the 
field to evaluate the extent of contamination. Field analyses were conducted in 
accordance with ABB-ES guidelines outlined in Section 4.6 of the POP (ABB-ES, 
1995). A field laboratory was used on-site for the analysis of total VPH (TVPH) 
and total EPH (TEPH) using a field GC. Results of soil field analyses were 
reported in micrograms per kilogram (µg/ g) dry weight. The TVPH/TEPH field 
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analytical method was not included in the 1995 POP revision. However, the 
procedure followed during the RI field program is attached as Appendix E to this 
SI Report. 

2.4.2 Quality Assurance/Quality Control 

Off-site laboratories performing the analytical work for all parameters, except for 
MADEP VPH/EPH analysis and grain size distribution, during the AOC 63BD 
RI were required to implement the USAEC 1990 QA Program (USAEC, 1990). 
Sections 7.0 through 14.0 of the POP describe the procedure followed during the 
RI program at AOC 63BD (ABB-ES, 1995). 

Soil and groundwater samples analyzed for MADEP's VPH/EPH method were 
not analyzed by a USAEC-performance demonstrated laboratory. Instead these 
samples were analyzed by a commercial laboratory (Groundwater Analytical, 
Inc.), and the data will be entered into the USAEC's data management system as 
non-certified methods. 

2.4.2.1 Data Quality Assessment. On-site and off-site laboratory data collected 
during the RI field investigation were evaluated for laboratory and/ or sampling­
related contamination. The soil and groundwater sample results for VPH/EPH 
were assessed using the duplicate results and the off-site laboratory QA sample 
results (i.e., method blanks, laboratory control samples, surrogates). A review of 
the QA sample results showed that no laboratory contaminants were present in 
the sample results for AOC 63BD. Laboratory control sample and surrogate 
recoveries were within the QC limits set by the laboratory. 

One soil sample duplicate (BDM-96-03X) was collected during the Rl The 
results of the off-site laboratory analysis were consistent with the results of the 
regular soil sample. In addition, one groundwater sample duplicate (BDM-96-
0lX) was collected. The results from the off-site laboratory analyses were also 
consistent with the regular groundwater sample collected from this location. 
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2.5 SITE INVESTIGATION REPORT PRELIMINARY RISK EVALUATION 
METHODOLOGY 

This section discusses the approach used for the human health PRE for AOC 
63BD. The groundwater PRE from the Final SSE Report (ABB-ES, 1994) has 
been updated with data collected during the RI field effort. The soil PRE has not 
been updated because the soil data collected during the RI was obtained from 
upgradient and downgradient locations, and because no unacceptable human 
health risks were found in the SSE PRE. Therefore, the soil PRE completed 
during the SSE provides a better representation of the risks associated with source 
area soil contamination (ABB-ES, 1994). The PRE results are presented in 
Section 3.0 of this SI Report. The RI PRE was updated to help establish whether 
environmental contamination at this AOC will require one of the following 
actions: 

• Nomination for no further action (NFA) 
• Removal Action (with subsequent NFA nomination) 

As presented in the Final SSE Report (ABB-ES, 1994), environmental sampling 
conducted during previous field programs at AOC 63BD revealed the presence of 
organic contaminants in the following environmental media: 

• Subsurface soil ( defined as soil below 3 feet bgs ), and 
• Groundwater 

The SSE human health PRE was previously conducted at AOC 63BD to evaluate 
contamination in subsurface soil. For the purposes of selecting soil CPCs, only 
TPHC was evaluated. Other organic compounds and inorganic analytes in soil 
were not evaluated. The PRE was also conducted to evaluate contamination in 
groundwater. VOCs, SVOCs, and TPHC detected in groundwater were evaluated 
as CPCs. 

The updated human health PRE presented in this SI Report for AOC 63BD, only 
evaluates groundwater and was conducted in accordance with the procedures and 
guidelines outlined in the Groups 3, 5, and 6 Revised Final SI Report (ABB-ES, 
1996a). In addition, it compares the previous groundwater data for VOCs and 
SVOCs, and the RI groundwater data for VPH/EPH, to USEP A and MADEP 
MCP drinking water standards. 
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2.5.1 General PRE Uncertainties 

The evaluation of human health risks at AOC 63BD involves numerous 
uncertainties and assumptions. Although many of the assumptions and 
uncertainties at Devens are inherent in the human health assessment process (i.e., 
in development and formulation of the conceptual model), others are related to 
data limitations and natural environmental stochasticity (USEP A, 1992b ). 
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SAMPLE 

NOMBE8 . 
RS-1 

RS-2 
RSS-1 
RSS-2 

SAMPtE 
NUMBER 

NOTES: 

TABLE 2-1 
SUMMARY OF ATEC LABORATORY RESULTS1 •2 

AOC 63BD 

SITE INVESTIGATION REPORT 
DEVENS.MASSACHUSETTS 

SOIL '· 
."w'h-

VOLATILES TPH. 

,. 

SAMPLE 
ug/g· : ug/g ., " · .. ,. LOG~TION 

NA 94 Southwest 

NA 375 Bottom 
NA 514 Northeast sidewall (12 feet deep) 
NA 3,630 Southeast sidewall (12 feet deep) 

•·' -:~} 

. ':*~i\\~::i'.l , .:·· -· . :·; , ,. / .,. ,, WATER 
:,:.,:, .. 

-., 

VOf:ATILES TPH--· •) ··-·- . ·SAMPLE 

ug/L ug/L ~OCATION, 
-- None --

1. Source: ATEC, 1993f. 

2. Analyses performed by Environmental Science Services 

NA = Not analyzed. 
TPHC = Total petroleum hydrocarbons 

SSE-REPl\TABS-1.WKl 

/,; 

20-Nov-116 



TABLE 2-2 
PSI AND SSE TERRAPROBE SURVEY FIELD SCREENING RESULTS 

AOC 6380 

SITE INVESTIGATION REPORT 
DEVENS.MASSACHUSETTS 

- .. FIELD 

SAMPLE. SCREENING · : 
•SAMPLE ~AMPkE S~MPLE DEPTH "·t~A(F ·- rvo2 

,' ' 

TANK SITE PROBE NO. ,. NO. ,:OATf MEDIUM Jfe~t) '' (uq/q) (ppm) ·· c o MMENTS 

T16660214 12/14/93 SOIL 14-15 <50 11.9 

1666T-03X T16660314 12/14/93 SOIL 14-15 <50 113.8 
1666T-04X T16660410 12/14/93 SOIL 10-11 <50 12.2 

T16660414 12/14/93 SOIL 14-15 2,800 192.9 fuel odor 
1666T-05X T16660510 12/14/93 SOIL 10-11 64 18.5 

T16660514 12/14/93 SOIL 14-15 <50 24.5 

NOTES: 1. Total petroleum hydrocarbons. 
2. Total volatile organic compounds in soil-jar headspace, as measured by photoionization detector. 

3. ND= Non-detect. 

SSE-REPT\TABS-2.WK1 2 19-Nov-96 



TANK SITE, 
Bldg 1666 

(UST 26) 

NOTES: 

SSE-REPT\TABS-3,WK1 

B08iNG NO. 
16668-01X 

1666W-01X 

TABLE 2-3 
SSE SOIL BORING FIELD SCREENING RESULTS 

AOC 63BD 

SITE INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

WATER ' C 
--- ,c":=::;:•:;·•·,•, « 

FIELD •·.•· 

tt'N:t 
........ ,... 
:,; :,:- ... 

,.§.AMPLE SGR~~.NJNQ . TABLE y\::(t;r 
DEPTH 

..... , x:x . 

SAMPLE ~~M.P-~ DEPTH 'rPH; tv.02 '°16 :, ;~- :x 

' SAMPLE-NO. 
··, 

(feet) bAn: 'J-'E.b(UM (feet) (~g/g) (pp);.), , .. J.AB .._ .· !~t · I·• • •-• - 4 

27.5 BX16660115 01/03/94 SOIL 15-17 3,040 142.4 YES 
BX16660120 01/03/94 SOIL 20-22 3,500 121.4 YES 
BX16660125 01/03/94 SOIL 25-27 2,300 175.1 NO 
BX16660130 01/03/94 SOIL 30-32 76 36.9 NO 

- - No soil samples - -

1. Total petroleum hydrocarbons. 
2. Total volatile organic compounds in soil-jar headspace, as measured by photoionization detector. 

1 

.,;: ' ,•;··=: 

.-:.-:. . 
' .. 

' ' 

COMMJ=NT~ .. 

oily sheen on rinse water 

petroleum odor 
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TABLE 2-4 
SSE OFF-SITE LABORATORY SOIL RESULTS 1 

AOC 6380 

-. SITE INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

ANALYTE 
VOLATILES {ug/g) 
Methylene chloride 

Acetone 

Tol~en,~ . 
Ethylb~nzene 
Tota_l xylenes 
SEMIVOLATILES {ug} 
Naphthalene 
2- Methylnaphthalene 

Acenaphthene 
Dibenzofuran 

Fluorene 
Phenanthrene 

-Anthracene 
Di-n-butylphthalate 

Pyrene 

~utylbenzylphthala~~---··· 
bis(2 -'Ethylhexvl)phthalate 

BORIN,G N.O. I 1666B...,01X 
DEPT.H I 1S:-·t7 ft 

,•d · 0.009 B,J 

<0.010 
0;004 J 
0.002 J 

0;3 ;. 

0.5.6 
3 .7 

i0.21 J 

0.39 

;9A3 
0.9 

V ,•. .•... •• 

~, Ot-i J'" ·' :-;,,;.9;-:;';";: :. _; ::'-': 

0.13 8,J . , . 
·,, 0~041 :J. , . 

•·Ho.l>'I I ; o-o<r.'• • :-:-..r., -;,;, 

0.053 J 
o::frai J. 

PETROLEUM HYDROCARBONS (ug/g) 
Total Petroleum Hydrocarbons- h360 
INORGANICS (ug/ NA 

NOTES: 1. Data as reported by CompuChem Environmental 

16668-01X 
.20-22 ft 

0.081 B 
0.16 B 

<0:026"' 

<0.026 
:'.0:21: 

4.3 

18 
<1.7 
0.73 J 

t.,? J. 
1.6 J 
o,;3:,J. 
-· 

0.24 8,J 

~'1..7'.::: 
<1.7 

1 ~-

1:,770 

NA 

Corporation; data have not been "blank-corrected." 
B (organics) = Also found in associated method blank. 

J = Estimated value, below sample quantitation limit. 
NA= Not analyzed. 

SSE-REYI\TABS-4.WKI 1 19-Nov-96 



TABLE 2-5 
SSE OFF-SITE LABORATORY GROUNDWATER RESULTS 1 

AOC 63BD 

W~~L NO. 

SITE INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

1.6§~W~.01:X:'.: ; 1E)66W--,01)( . _ 166§Wc:: 61,s: 
SAMP4E bA·TE 

, »-.' ,_ .•• · - ,. , •• 
Febf'u~.'Y- 1~_94·· Febru~ry 1994\:: :, .:.J~nµJry J§gs · -

ANALYlE _SAMPLE N0. Mtf~sprtr ,· MDW6611 (O~pf .. . Mx1 sijij t4 
VOLATILES (ug/L) 
Methylene Chloride 1 J 3J <:10 .... , 

" 

Toluene 1 J 1 J 12 
. "":: ''.; .. 

Ethyl benzene ,.- 1 J 1 J , 4J 
H 

Total xylenes 21 21 32 

SEMIVOLATILES (ug/L) 
Naphthalen"e -~·,,.:1:c ·, -'~g::,_,' <& 46 

2-Methylnaphthalene <10 <10 20 .. 
~ •"•'.;. <1~:- ~ 1. "'l\,1f;!thy lnap hthalene •-~;. 1-' <15 26 ~ ~~ r ~ .,.( . ,, 

:-:, ':' ' 
Diethylphthalate <15 <15 <15 .... 

:,·;-:~ '··;.:·0.-; {jg _:'-; Flu9~,h~ ... , i:h~t;; <10 ~ < _, <1Q >1, "l A,-~.~-"' ,.f 

Pentachlorophenol <55 <55 <55 
~ :-':•' ' ·':-:' ~-- . V -}{ e-;,; .,., ,•, 

Phenat:lthrene ~ 
-❖' ;, ;,;· '•: <-. ' <1$ <15 ''""•;15 

Di-n-butylphthalate 1 B,J 1 B,J <15 

bis(2-ethylhexyl)phth~\~t~ 
•·· ••· . .. ::· .• ., ••.· ·:'. : .. •.•:::. 

.... .-.... --...... : .... ,.:::;,~_:J .. i 4 .J ·--·· ·---:-.•-· 3 J 
TOTAL PETROLEUM HYDROCARBONS (ug/L) <250 <250 1,350 

INORGANICS (uq/L) NA NA NA 

NOTES: 1. Data as reported by CompuChem Environmental Corporation; data have not been "blank corrected." 

B = Also found in blank. 
E = Exceeds upper level of calibration range of instrument. 

J = Estimated value, below sample quantitation limit. 
NA= Not analyzed. 

SSE-REVI\TABS-5.WKI 

M 

•' 

16~~W:t9.2.X'. .. . •"" "' .":" * -~-.:•j,C8:~:••• ' 

Jarn-!~FYJ ~9's· 
MXiijij6'.ff '-· Y 

~10 
.; -~ .,• 

53 
l,;. ··' 

'; 36 
280 

<!5 
10 

58 
<15 

\ IJ' 
<55 

_ • ., ..... ·-• \".'> 

•, <15" 

3 B,J 

. ·-=,-~9-.-:- . 
3,610 

NA 

166§W-02X 
January 1995 

MD166621 (Dup) 

<10 
78 
47 

420 E 

<5 
<10 

12 J 
6J 

<10 
2 J 
2J 

<15 
32 

3,000 

NA 

19-Nov-96 



TABL-.l-6 
SSE HUMAN HEALTH PRELIMINARY RISK EVALUATION OF SUBSURFACE SOIL 

AOC 63BD 

SITE INVESTIGATION REPORT 
DEVENS.MASSACHUSETTS 

ANALYTE 
CONGEN1RA TloNJal FR~ENCY '~':;~'!'~.!~ sT!~o )]· ;~ Ett:t~ElJNE 
AVEl3AGE MAXfMUM DETECTION, , s6iL CONCENiRA TION 1 } ,(ti , j ,..... CONCENTRATION? 

{ug/g) . (U "" ) u ) '.$;-~ df -~,,..~ tel -- ----~-

VOLATILES (ug/gj 
Not analyzed [b] -- --
SEMIVOLA TILES (ug/gj 
Not analyzed [b] -- --
PETROLEUM HYDROCARBONS (ug/g} 

Total p~ql~ rn Hyd~rtl9n~. ([PH). Depth c;j s_ fl ' -.. ::.-soo __ -_._ / i&: 36Cf[61 
i._ _ ,~ :~f n, .~ - • 

...;!: 

~ .. soo. yes :a,~tf : .. . 11?, : 
Total Petroleum Hydrocarbons (TPH) Depth > 15 ft 628 3,500 6/15 16,360 [c] 5,000 No 
INORGANICS (ug[g} 
Not analyzed [bl -- --

Notes: 
(a] TPH data at depths of 15 feet or less include field screening results from five Terraprobe locations {1666T-01X through 1666T -05X, at 1 Oto 15 foot depths) sampled in December 

1993; field-screening results from ten TerraProbe locations (66001 through 66010, at 9 to 10 foot depths) sampled in September 1992; and A TEC samples RSS-1 and RSS-2, 

at 12 foot depths. TPH data at 15 feet or greater include field screening results for samples from ten TerraProbe locations {66001 through 66004, at 16 to 22 foot depths) sampled 
in Ser:xember 1992, and field-screening results from samples from boring 1666B-01X at 15 to 32 foot depths. 

(b] For samples collected at 15 foot depths or less, only TPH was analyzed for in the December 1993 Terraprobe survey. 

BTEX compounds were not detected in the September 1992 preliminary Terraprobe survey. 
(c] Calculated commercial/industrial soil concentration for No, 2 fuel oil (using diesel oil as a surrogate); see Section 2.4 for discussion. 

Shaded line indicates an exceedance of a screening guideline. 

[d] The lowest of the S-2/GW-1, S-2/GW-2 or S-2/GW-3 soil standards. 
[e] The lowest of the S-3/GW-1, S-3/GW-2, or S-3/GW-3 soil standards. 

ug/g = micrograms per gram 



ANALYTE 

VOLATILES (ua/L) 
Methylene chloride 
Toluene 
Ethyl benzene 
Total xvlenes 
SEMIVOLATILES (ua/L) 
Naphthalene 

2-Meth~naphthalen.e 
1-Methylnaphthalene 
Diethylphthalate 
Fluorene 

Petltq_9.h!9rop_he,r ~! .. 
Phenanthrene 
Di-n - butylphthalate 
Bis(2;-etbvlhexvl)phtt,alate 

TABLE 2-7 
SSE HUMAN HEALTH PRELIMINARY RISK EVALUATION OF GROUNDWATER 

AOC 638D 

, . 

.. 

··;: 
X 

::·:·: 

... 
.: 

SITE INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

'CONCENTRATION fal FREQUENCY '-DRINKING WATER 
_-,, OF . STANOA~/GUiDEllNE_[b] 

AVERAGE MAXIMUM .: OETECTIOl•i . . '\(Ug/L) .. :( 
lua/U ·lila/Ll 

:.:.:·: . .. -·~-
•.•. .... 

3 3 1/3 5 

MCP:, .. 

GRoufJb 11pTl;F 
STANDAflij (cJ 
_ ... (ua/U> 

5 
;28}1 :7Q si~ ~--··· . '' foQ6 _,. ~--

1,000 _,f. . ,. 

15.5 47 3/3 700 700 
134 420 3/3 10000 6000 

··rf 46 1/3 ' ... - ..... "•26' -. -- .. "@.ff . 
«< • 

:-:-;. 
10.8': 20 2/3 NA ' 10 .•.•- »;-:~ .. , .. 

'' ..... 

23 58 2/3 NA NA 
6 6 1/3 5,000 30 

5 5 1/3 NA 300 
-~r " 11r· .. 

.. ..,. .. . ' ~---.· .. 
-:~:· - ,_? •. 2 ?,.•.-.-, 

, 1 ·:• 1 .,, ,, 

2 2 1/3 NA 50 
3 3 2/3 3,700 NA ... 17.5 N.••• ;· V .. ..,. ''.;':'' ,• 3/3 .. . --- 1:· ,i ~-•••-••.•.·,Y' '''l'" '•-.•.•,:.' ... ·-:-~ 

60 -~ .. ;.:, :-~ :-:- ·--~-- 6 ~ - . 

PETROLEUM HYDROCARBONS (ug/L) ..... 
TotalPettoli ti'm fivcti¢arbons ctPHS Y\ f;sgs ___ s,iho .. 21s · _ l,L _ .... - :« 

·1,000 _ .. _•.'1 ., .... ~ / (.:~;.:~··, 

INORGANICS (ua/L) 
Not analvzed -- -- -- --

Notes: 
[a] Based on analytical data from Well No. 1666W-01X and 1666W-02x (and their duplicates) . 

MAXl~VM 
EXCEEDS 

STANDARD/GUIDELINE? 
• >' '> 

No 
n•·(· 

No 
.,_ .. _. 

... , ., 

No 
No 

_Yes 
Yes 
--
No 
No .., 

Y~s 
No 
No 

.Yes 
~;-- -

~ ... ,,~ , 

Yes 

--

[b] Includes the lowest of either the EPA or MA drinking water standards or guidelines, or if no federal or state standard or guideline is available, the USEPA Region Ill 
tap water concentration. 

[c] Includes the lowest of the GW-1, GW-2, or GW-3 standards. 

TABS-7.WKl 03-Dec-96 



SECTION 3 

3.0 REMEDIAL INVESTIGATION DATA SUMMARY 

The following subsections present the findings of the RI field investigation 
conducted at AOC 63BD during the sum.mer of 1996. The tables associated with 
this section also include the data collected during previous investigation so that a 
complete assessment of the AOC may be presented. 

3.1 REMEDIAL INVESTIGATION PROGRAM SUMMARY 

The first phase of the RI field program was developed and executed based on of 
contaminants from the previous investigations which could have interfered with 
the exploration program. 

A GPR survey was completed at proposed exploration locations to identify 
subsurface obstructions which could have interfered with the exploration program. 

Two water table piezometer (BDP-96-0lX and BDP-96-02X) and one monitoring 
well (BDM-96-0lX) were installed at the AOC to better define the groundwater 
flow direction prior to the monitoring well installations (Figure 3-1 ). The 
locations were used for piezometric surface elevations only. Table 3-1 
summarizes the depths of the soil borings and the soil types encountered. 

A total of five soil borings (BDM-96-02X, BDM-96-03X, BDM-96-04B, BDM-96-
05X, and BDB-96-02X) were drilled crossgradient and downgradient of the former 
UST excavation for the installation of monitoring wells (see Figure 3-1). Up to 
four soil samples per boring were collected and field screened for VPH/EPH. 
One soil sample per boring was submitted and off-site laboratory analysis for 
VPH/EPH and TPHC based on field PID measurements and one soil sample 
from the well screen interval was analyzed for TOC. 

To assess the nature and distribution of groundwater contamination associated 
with petroleum contamination from the former heating oil UST, four monitoring 
wells (BDM-96-02X, BDM-96-03X, BDM-96-04B, and BDM-96-05X) were 
installed upgradient, crossgradient, and downgradient in the borings mentioned 
above (see Figure 3-1). Table 3-2 summarizes the monitoring well construction 
details. The groundwater flow direction used to determine the location for the 

ABB Environmental Services, Inc. 
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SECTION 3 

monitoring wells was based on the piezometric elevation data collected from 
piezometers BDP-96-0lX and BDP-96-02X, and BDM-96~01X, installed at the 
beginning of the field program (see Figure 3-1). The monitoring wells°were 
developed, and one round of groundwater samples was collected from each of the 
five new and two existing monitoring wells and submitted to the off-site 
laboratories for VPH/EPH, TPHC, and water quality parameters analyses. 

Each of the new monitoring wells, piezometers, and the soil boring were surveyed 
to establish the vertical and horizontal location of each exploration. 

3.2 FIELD INVESTIGATION RESULTS AND OBSERVATIONS 

3.2.1 Physical Setting 

The following subsections describe the physical setting of AOC 63BD. 

3.2.1.1 Soil. Soils encountered in the TerraProbe8
M and soil borings graded fine­

to-coarse sand and gravelly sand within an area mapped by Jahns (1953) as kame 
terrace deposits. Boring BDM-96-04B was advanced by hollow stem auger to 
refusal at 53.5 feet bgs (see Figure 3-1). The soil encountered in this boring were 
similar to soil encountered in the previous investigations. The soil at each of the 
soil borings consisted of fine to medium sand with gravel ( approximately 30%) 
and trace silt. Table 3-1 summarizes the soils encountered at AOC 63BD. 

3.2.1.2 Bedrock. Hollow stem auger refusal was reached at 53.5 feet bgs in 
boring BDM-96-04B (see Figure 3-1). Rock core samples were not collected to 
characterize or confirm that the top of bedrock had been reached. However, 
based on regional bedrock maps, it appears that the bedrock in this portion of the 
installation is part of the Oakdale Formation, which consists of metasiltstone and 
phyllite. Subsection 2.2. 7 of the Groups 3, 5 and 6 Revised Final SI Report 
presents a detailed discussion of the bedrock geology for Devens (ABB-ES, 
1996a). 

3.2.1.3 Hydrogeologic Conditions. Locally, the site was drained by a stormwater 
drainage ditch that runs along the eastern and southern borders of the site. 

ABB Environmental Services, Inc. 
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SECTION 3 

ABB-ES measured water levels in each of the new and existing monitoring wells 
in October 14, 1996 using an interface probe. Floating product was not 
encountered, however, a fuel odor was detected in monitoring well 1666W-02X. 
The depths to groundwater ranged from 27.95 feet at BDM-96-03X to 28.34 feet 
bgs at BDM-96-05X. Based on piezometric surface elevation data, the horizontal 
groundwater flow gradient is 0.0005 feet per foot (ft/ft). This same piezometric 
surface elevation data indicated that the groundwater flow direction was from the 
southwest to the northeast (Figure 3-2). This manual horizontal gradient may 
indicate that seasonal variations in the groundwater flow direction could occur. 
This could impact the lateral distribution of site-related contaminants. Table 3-3 
summarizes the water level data collected on October 14, 1996. 

Monitoring well BDM-96-04B was installed adjacent to the existing monitoring 
well 1666W-01 to assess vertical groundwater gradients at AOC 63BD (see 
Figure 3-1). Monitoring well 1666W-01 was installed with a 10-foot well screen 
extending from 25 to 35 feet bgs. Monitoring well BDM-96-04B was also installed 
with a 10-foot well screen extending from 43.5 to 53.5 feet bgs (see Table 3-2). 
Piezometric surface elevations collected on October 14, 1996 show an elevation at 
1666W-01 of 232.97 feet mean sea level (MSL), and an elevation at BDM-96-04B 
of 232.99 feet MSL. Based on this data there appears to be a slight upward 
gradient (see Table 3-3). The upward vertical gradient of 0.02 feet would appear 
to indicate that contaminant migration deeper into the aquifer is unlikely at 
AOC 63BD. 

Rising head hydraulic conductivity tests were completed at all but one 
(1666W-02X) of the new and existing monitoring wells installed at AOC 63BD. 
Results of the tests ranged from lx10·1 centimeters per second (cm/sec) at 
BDM-96-0lX to 3xl04 cm/sec at BDM-96-04B. The results of the hydraulic 
conductivity tests are presented in Table 3-3. 

3.3.3 Nature and Distribution of Contaminants 

The objective of the RI sampling program at AOC 63BD was to investigate the 
nature and distribution of contamination in subsurface soil and groundwater. The 
primary concern at AOC 63BD was that fuel-related compounds had leaked from, 
or been spilled near, the former heating oil UST, and had migrated downward to 
the water table via infiltration and percolation of surface water through the 
overburden soils to the water table. The distribution of residual fuel-related 
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compounds in the soil ( to a depth of 27 feet bgs) below the former heating oil 
UST had been determined during the SSE. Therefore, the RI concentrated on 
the distribution of fuel-related compounds in soil at the water table and in 
groundwater downgradient of the AOC. One upgradient well (BDM-96-0lX) and 
three downgradient or crossgradient monitoring wells (BDM-96-02X, 
BDM-96-03X, and BDM-96-05X) were installed to assess the groundwater quality. 
An additional deep monitoring well (BDM-96-04B) was installed adjacent to the 
existing water table monitoring well 1666W-01X, to assess the groundwater quality 
deeper in the aquifer and evaluate vertical gradients (see Figure 3-1). 

3.3.3.1 Soil. Field screening results of soil samples collected from each boring 
are presented in Table 3-4. The samples were analyzed for TVPH/TEPH using a 
field GC. The results of the field analysis indicate that fuel-related compounds 
were not present in the soil at the water table at any of the monitoring well 
locations. However, field screening results from the 25- to 27-foot bgs soil sample 
collected from BDB-96-02X, indicate that fuel-related compounds were present in 
soil just above the water table at this location. A concentration of 1,111 µ,g/ g of 
TEPH was detected (see Table 3-4). 

Off-site laboratory results for soil samples collected during the RI are presented 
in Table 3-5. The VPH/EPH results presented in this section include unadjusted 
data for each analyte range, and equivalent TPHC data adjusted with the 
appropriate toxicity value. The results of the off-site laboratory VPH/EPH 
analysis indicate that low concentrations of fuel-related compounds were present 
in the soil at the AOC. An unadjusted concentration of 280 µg/ g in the n-C9 to 
n-C 12 aliphatic range, and an equivalent TPHC concentration of 14 µ,g/g, was 
detected in the 23-foot soil sample collected from the upgradient monitoring well 
boring BDM-96-0lX (see Table 3-5). Concentrations in the other subsurface soil 
samples were below the reporting limit (BRL) for both VPH and EPH analysis. 
The results for the subsurface soil samples submitted for TPHC analysis via 
USEPA Method 418.1, indicated that residual TPHC was present in the sample 
collected from 25 feet bgs at BDM-96-0lX (1,160 µg/g), and the sample collected 
from 29 feet bgs at BDM-96-02X (1,230 µg/g) (see Table 3-5). TPHC was not 
detected in the other soil samples. The TOC analysis results showed TOC at 
879 µg/g in the 50-foot soil sample collected from BDM-96-04B. The TOC 
results for the other soil samples indicated that TOC was not present above the 
detection limit of 360 µg/g (see Table 3-5). See Appendix D for off-site 
laboratory results. 

ABB Environmental Services, Inc. 
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3.3.3.2 Groundwater. The results of the RI groundwater sampling round are 
presented in Table 3-6. The VPH/EPH results presented in this section include 
both adjusted (using toxicity value multipliers) and unadjust concentration. The 
results of the VPH/EPH analyses indicated that residual fuel-related compounds 
were present only in the groundwater sample collected from monitoring 1666W-
02X, which is located within the former heating oil UST grave. Concentrations in 
the VPH analysis included 1,900 µg/L in the n-C 9 to n-C 12 aliphatic range, and 
5,400 µg/L in _the n-C 9 to n-C 10 aromatic range, this totaled to an equivalent 
TPHC concentration of 6,400 µg/L for the VPH analysis. No individual 
compounds were detected, however, the reporting limits were increased up to 
1,250 µg/L due to contaminant levels. 

The EPH analysis results for 1666W-02X included 75,000 µg/L in the n-C 9 ton­
C 18 aliphatic range, 9,100 µg/L in the n-C 19 to n-C 36 aliphatic range, and 
10,000 µg/L in the n-C 10 to n-C 22 aromatic range. These concentrations 
totaled to 14,000 µg/L for an equivalent TPHC value in the EPH analysis. In 
addition, five individual SVOCs were detected: naphthalene at 100 µg/L, 2-
methylnaphthalene at 460 µg/L, acenaphthalene at 110 µg/L, fluorene at 62 µg/L, 
and phenanthrene at 64 µg/L (see Table 3-6). Additional n-C5 to n-C18 and n­
C19 to n-C36 aliphatic concentrations were detected in the groundwater samples 
collected from BDM-96-02X, BDM-96-03X, and BDM-96-0SX (see Table 3-6 and 
Figure 3-1 ). 

By totaling the equivalent TPHC for VPH and EPH analyses, a combined TPHC 
value was determined. The combined values ranged from 7.8 µg/L at 
BDM-96-0SX to 20,400 µg/L at 1666W-02X (see Table 3-6). 

The RI groundwater samples were also analyzed by an off-site laboratory (ESE) 
for TPHC using USEP A Method 418.1. The results of this analysis indicated that 
TPHC was present in the samples collected from 1666W-02X at 3,960 µg/L, 
BDM-96-0lX at 4,000 µg/L, BDM-96-02X at 5,200 µg/L, BDM-96-03X at 
1,000 µg/L, and BDM-96-0SX at 490 µg/L (see Table 3-6). 

The RI groundwater samples collected from AOC 63BD were also analyzed for 
several water quality and bioremediation assessment parameters. The list of 
parameters and the results for each analysis are presented in Table 3-6. 
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3.3.4 Source Evaluation and Migration Potential 

Most of the fuel-contaminated soil was removed from the site by ATEC during 
the UST removal program; however, some residual contamination extends to 25 
feet bgs near the south corner of the excavation. Screening results from the PSI 
TerraProbesM survey indicate that some contaminated soil may have been mixed 
with clean fill at the time the remedial excavation was closed. The results of the 
SSE soil sampling indicate that residual fuel-related compounds are present in the 
soil from approximately 14 feet bgs to the water table (approximately 27 feet bgs). 
The results of the RI soil sampling and analysis indicates that no significant soil 
contamination is present downgradient or crossgradient of the AOC. 

Monitoring well 1666W-02X is located in the area of highest soil contamination 
encountered at the site. The results of the SSE and RI groundwater sampling 
indicate that fuel-related compounds (i.e., ethylbenzene, xylenes, polynuclear 
aromatic hydrocarbons [PAHs], and TPHC [via VPH/EPH]) are highest in the 
groundwater samples collected from 1666W-02X (see Table 3-6). However, the 
results of the RI groundwater sampling indicate that the distribution of fuel­
related compounds appears to be limited to the areas directly adjacent to the 
former heating oil UST; and that downgradient migration appears limited based 
on the small horizontal gradient and the type of contaminants encountered. 

3.3.5 Preliminary Human Health Risk Evaluation 

A preliminary human health risk evaluation was prepared for AOC 63BD to 
determine if contaminants detected at this AOC pose a risk to human receptors. 
For this PRE, the future use of AOC is assumed to be commercial/industrial. 
The soil PRE completed in the Final SSE Report (ABB-ES, 1994) will not be 
modified for this SI Report. Tables 3-6 present summary statistics and human 
health groundwater standards and guidelines used in the PRE for AOC 63BD. 

3.3.5.1 Groundwater. Groundwater samples were collected during the SSE and 
RI from monitoring wells 1666W-01X, 1666W-02X, BDM-96-0lX through 
BDM-96-0SX and analyzed at an off-site laboratory. As shown in Table 3-6, four 
VOCs were detected ( during the SSE): methylene chloride, toluene, 
ethylbenzene, and xylenes. The maximum detected concentration of each 
compound was below its respective drinking water standard. Ten SVOCs were 
also detected. Of these 10 SVOCs, the maximum detected concentrations of six 
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compounds exceeded their respective drinking water or groundwater standard. 
Naphthalene was detected in three of 10 samples; while its maximum detected 
concentration (100 µg/L in VPH analysis) exceeds the USEPA lifetime health 
advisory and the MCP GW-1 standard of 20 µg/L, its average concentration 
(15 µg/L) is below both screening values. Both the maximum detected 
concentration of 2-methylnapbthalene (450 µg/L) exceed the MCP GW-1 
standard of 10 µg/L, however, its average concentration ( 4.9 µg/L) does not 
exceed the standard. Pentachlorophenol was detected in one of 10 samples at 
2 µg/L; the federal MCL and MCP GW-1 standard for pentacbloropbenol are 
1 µg/L. Bis(2-etbylbexyl)pbtbalate was detected in three samples at average 
(10 µg/L) and maximum (60 µg/L) concentrations above the federal and state 
drinking water standard of 6 µg/L. This compound is a common laboratory 
contaminant and this concentration may not represent existing site conditions. 
Equivalent VPH and EPH concentrations were assessed as part of this 
groundwater PRE rather then the TPHC data which bad previously been assessed. 
This change was a result of the need for more specific data than provided by 
TPHC (Method 418.1) results. TPHC analysis was part of the RI parameter list, 
but the data will not be assessed in this groundwater PRE. TPHC, via total 
equivalent VPH/EPH, was detected in five of 10 samples at average (2,560 µg/L) 
and maximum (20,400 µ,g/L) concentrations above the MCP GW-1 standard for 
TPHC of 1,000 µg/L. The average concentration was increased_ significantly due 
to the maximum concentration detected in monitoring well 1666W-02X. Without 
this result, the average concentration would be well below drinking water 
standards. 

Based on the findings of this PRE, groundwater below the former UST excavation 
associated with AOC 63BD would be unacceptable as drinking water. 

3.3.6 Conclusions and Recommendations 

Contaminants detected in groundwater samples collected from AOC 63BD, 
exceed drinking water standards. Although residual soil contamination does not 
appear to present at unacceptable health risks, it is likely a continuing source for 
groundwater contamination. 

It is recommended that a soil removal action be conducted to eliminate the 
residual soil contamination detected from approximately 14 feet begs to the water 
table (approximately 27 feet bgs). In addition, groundwater monitoring should be 

ABB Environmental Services, Inc. 

W012961.080 8740-03 
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SECTION 3 

conducted at the site to evaluate potential risks to human health. Future 
groundwater monitoring should be conducted in accordance with MADEP MCP 
guidelines. 

ABB Environmental Services, Inc. 

W012961.080 8740-03 
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EXPLORATION 
10 •. '.>,<::?: 

BDM-96-0lX 

BDM-96-02X 

BDM-96-03X 

BDM-96-04B 

TABLE3-1 
SUMMARY OF RI SOIL BORINGS 

AOC63BD 

SITE INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

COMPLETION"'. REFERENCE ,.,. . ,ANALYTICAL; 
. DEP'FH, . }SAMPL E INTERVALS/ 's~ms, 

·TOTAL voes, 
''SOIL TYPE:: -BY:PID 

tEeet b2iJt ~: .fFe:et"ht:s)_ ... . J .C.OLl.ECfflD.'i:: . f:WSC.S) _:;: 
,. l") . lo.om· . 

32 0-2 SM BKG 

5-7 SW BKG 

10-12 SW BKG 

15-17 SW BKG 

17-19 SW BKG 

19-21 SW-SM BKG 

21-23 SW-SM BKG 

23-25 23-25 SW-SM BKG 

25-27 25-27 SW-SM BKG 

27-29 27-29 SW BKG 

29-32 BKG 

33 0-2 SM BKG 

5-7 SP BKG 

10-12 SP BKG 

15-17 SW BKG 

17-19 SW BKG 

19-21 SW BKG 

21-23 SW BKG 

23-25 SW BKG 
25-27 SP BKG 
27-29 27-29 SP BKG 

29-31 SP BKG 
31-33 SP BKG 

33 0-2 SM BKG 

5-7 SW BKG 
10-12 SW BKG 
15-17 SW BKG 

17-19 SW BKG 
19-21 SW BKG 

21-23 SW BKG 

23-25 SW BKG 
25-27 SW BKG 

27-29 27-29 SW BKG 

29-31 SW BKG 
31-33 BKG 

53 0-2 ML-SP BKG 

2-4 SP BKG 
4-6 SP BKG 

6-8 SM BKG 

10-12 SM BKG 

12-14 SM BKG 

14-16 SM BKG 

16-18 SM BKG 

18-20 SM BKG 
20-22 SM BKG 
22-24 SM BKG 



TABLE3-1 
SUMMARY OF RI SOIL BORINGS 

AOC63BD 

SITE INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

COMPLEl'IION ~ T ilmreRENCE .. AN1\li:YIIICAL. . ~~·r~AI.. VOCs 
EXPL0RA1r10N 1· ·oJim w •:s~r n '.mTERV-ru·" ·sAldPLSs·· :, s. ou{rYPEJ;i;;: s-vp10 

ID '€Feet•: b1t~) ...... :.. (Eee.t:bJ?s) . ·COLLECTED . ... {USCS) . .. (ppm·) 
24-26 SM BKG 

26-28 SP BKG 

28-30 28-30 SM BKG 

30-32 SM BKG 

32-34 SM BKG 
34-36 SM BKG 

36-38 SM BKG 

38-40 SP BKG 

40-42 SM BKG 

42-44 NS BKG 

44-46 SM BKG 

46-48 SM BKG 

48-50 SM BKG 

50-52 SM BKG 

52-53 Refusal 8KG 

BDM-96-05X I 33 I 0-2 ML-SM BKG 

5-7 SW BKG 

10-12 SM BKG 

15-17 SW BKG 

17-19 SW BKG 

19-21 SW BKG 

21-23 SW BKG 

23-25 SW BKG 

25-27 25-27 SW BKG 

27-29 SW BKG 

29-31 SW BKG 

31-33 SW BKG 



,I SOIL 
WELL •. DRIWNG 

IDE.NJIFICATION METHO.D 
BDM-96-01X HOLLOW STEM 

AUGER 

BDM-96-02X HOLLOW STEM 

AUGER --

BDM-96-03X HOLLOW STEM 

AUGER 

BDM-96-048 HOLLOW STEM 

AUGER 

BDM-96-05X HOLLOW STEM 

AUGER 

TABLE 3-2 
RI MONITORING WELL COMPLETION DETAILS 

AOC63BD 

. u e~OROGK 
DAIWNG 
MEl;iTO.Q. 

NA 

NA 

NA 

NA 

NA 

SITE INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

I . WELL -SGIIEEN ·i 

MEDIA 
., ::,\ .,,,,,.,,.,,..,, ·r, 

. DEPTH ',, ·1 , ;:,;:,. ;: ,; ii. :f ,:,;v ,.." ii . ,$.Cl:IEEN_EO:'., k,.f., Fe.et,b.as·. 
SOIL 22-32 

SOIL 22.8-32.8 

SOIL 22.8-32.8 

SOIL 43.3-53.3 

SOIL 23-33 

WELL·SCREEN ''' (lOMPLETION: 
,El.EVATti5ti ' ,,_ DEPTH ' . 
., Eeet NQY.Ol: .(Feet bqs)' 

236.9 - 226.9 33 

235.7 - 225.7 33 

235.4 - 225.4 33 

215.3 - 205.3 53.5 

235.5-225.5 33 

Notes: bgs = below ground surface 

NGVD = National geodetic vertical datum 

13TAB413.WK1 

,:~ 

CONSTRUCTION 
MATERIAL 

2'' ID PVC 

2'' ID PVC 

2'' ID PVC 

2'' ID PVC 

2'' ID PVC 

03-Dec-96 

10:43AM 



f.if.~:: 
1666W-1 35-25 258.41 
1666W-2 35-25 261.80 

BDM-96-01X 32.5-22.5 261.42 
BDM-96-02X 33-23 260.96 

· BDM-96-03X 33-23 260.93 
BDM-96-048 53.3-43.3 261.05 
BDM-96-05X 33-23 261.30 
BDP-96-01X 30.5-20.5 260.87 
BDP-96-02X 31-21 261.31 

TABLE 3-3 
WATER LEVELS AND 

ESTIMATES OF HYDRAULIC CONDUCTIVITY 
AOC 63BD 

25.44 
28.81 
28.36 
27.99 
27.95 
28.06 
28.34 
27.91 
28.34 

SITE INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

232.97 4E-2 
232.99 NA2 

233.06 4E-2 
232.97 NA:3 
232.98 NA:3 
232.99 3E-4 
232.96 1E-1 
232.96 NA2 

232.97 NA2 

NA 
NA 
5E-2 
5E-2 
6E-2 
1E-3 
1E-1 
·NA 
NA 

NOTES: WATER LEVEL MEASUREMENTS COLLECTED ON 10/14/96 

REFER TO APPENDIX F FOR CALCULATIONS 

63BDPERM.XLS 

NA1 = GRAIN SIZE ANALYSIS NOT PERFORMED ON 1666W-1, 1666W-2, BDP-96-0tX, AND BDP-96-02X 

NA2 = PERMEABILITY TESTING NOT PERFORMED ON 1666W-2, BDP-96-01X, AND BDP-96-02X 

NA3 = PERMEABILITY TEST DATA NOT COMPATIBLE WITH HVORSLEV METHOD 

NA4 = CALCULATED INCLUSIVE STANDARD DEVIATIONS TOO LARGE FOR GRAPHICAL ESTIMATION 

uses= UNIFIED SOIL CLASSIFICATION SYSTEM 

CM/SEC = CENTIMETER PER SECOND 

FT BGS = FEET BELOW GROUND SURFACE 

FT MSL = FEET MEAN SEA LEVEL 

PVC = POL YVmYL CHLORIDE 

Page 1 

•' 

JI 
SW 

SW-SM 
5E-3 SW-SP 
2E-2 SW 
NA SP-GP 
NA SW 
NA SW 
NA SM-SW 

11/20/96 



SAMPLE 
BORING NO. NO. 
BDM-96-01X MXBD0115XF 

MXBD0119XF 
MXBD0123XF 
MXBD0127XF 

BDM-96.:..02X MXBD0217XF 
MXBD0221XF 
MXBD0225XF 
MXBD0229XF 

BDB-96-02X BXBD0215XF 
BXBD0219XF 
BXBD0223XF 
BXBD0225XF 

BXBD0229XF 
BDM-96-03X MXBD0315XF 

MXBD0319XF 

MXBD0323XF 
MDBD0323XF 

MXBD0327XF 
MXBD0329XF 

BDM-96-048 MXBD4818XF 

MXBD4822XF 
MXBD4826XF 
MXBD4830XF 
MXBD4834XF 

SSE-REP1\TAB5-2.WK1 

. ; ·· ·.•-·, 

TABLE 3-4 
RI FIELD SCREENING RESULTS 

AOC 638D 

< 

SITE INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

. ~: ~ ; ;-: 
.,'.~ FIELO ', i:.;""·, -~: t"-" 
S~AMPLcE J~QREJ;.:t..,IN.~ 

' "otrrH SAMPLE S(\MPLE 'i/pi4t"." ~PH2 
• '>:' , 2u;0

et) · .. •. 

.·,:,. ,· 

DATE "'/ ~~- MEDIUM. (uq/CJL (UQ/<t) 

7/18/96 SOIL 15-17 BRL BRL 

7/18/96 SOIL 19-21 BRL BRL 

7/18/96 SOIL 23-25 BRL BRL 

7/18/96 SOIL 27-29 BRL BRL 

7/18/96 SOIL 17-19 BRL BRL 

7/18/96 SOIL 21-23 BRL BRL 

7/18/96 SOIL 25-27 BRL BRL 

7/18/96 SOIL 29-31 BRL BRL 

7/19/96 SOIL 15-17 BRL BRL 

7/19/96 SOIL 19-21 BRL BRL 

7/19/96 SOIL 23-25 BRL BRL 

7/19/96 SOIL 25-27 BRL 1,111 

7/19/96 SOIL 29-31 BRL BRL 

7/19/96 SOIL 15-17 BRL BRL 

7/19/96 SOIL 19-21 BRL BRL 

7/19/96 SOIL 23-25 BRL BRL 

7/19/96 SOIL 23-25 BRL BRL 

7/19/96 SOIL 27-29 BRL BRL 

7/19/96 SOIL 29-31 BRL BRL 

7/17/96 SOIL 18-20 BRL BRL 

7/17/96 SOIL 22-24 BRL BRL 

7/17/96 SOIL 26-28 BRL BRL 

7/17/96 SOIL 30-32 BRL BRL 

7/17/96 SOIL 34-36 BRL BRL 

1 

,, 
< :-.: ·-:: 
' :-:-'"' \;;.x, 

' ;i~: 0 J: ,;.,s,_'"""' •:· 
.< ···-~ • >: :. 

*~ I',/ -:-.: 
:-: ·:~ 

COMMENTS_ ,. 
. ... ' 

Duplicate 

20-Nov-96 



TABLE 3-4 
RI FIELD SCREENING RESULTS 

AOC 638D 

SITE INVESTIGATION REPORT 
DEVENS, MASSACHUSETTS 

.. '·: , .. ,., .. FIELD 
,.•' s $,,:,~,,... ,. .' ·•· · ~-- .' 

=.:· . ~A,!-4.PU;· ., .SCRE;f:NIN~ 
-sAMPLe. · ·oePrH Viti-it , ·1-'EPt-t2 

:-:. 
::::.:: . .,; 

BORING NO. 

i 

SAMPLE ' ' I Sf.\~P-~ ) 
NO. ~ DATE ,. 

. . :;;~ -:.·' . ·,' ) v·-.,;:c:: . . 
MEDIUM r (ft:i!"et} \? - (ug/g) . (ug/g) l } ,, 

BDM-96-05X MXBD0515XF I 7/17/96 SOIL I 15-17 I BAL I BAL 

MXBD0519XF 17/17/96 SOIL 19-21 BAL BAL 

MXBD0523XF 17/17/96 SOIL 23-25 BAL BAL 
MXBD0525XF I 7 /17 /96 SOIL 25-27 BAL BAL 

MXBD0527XF 17/17/96 SOIL 27-29 BAL BAL 

Notes: 
1. VPH = volatile petroluem hydrocarbons 
2. EPH = extractable petroluem hydrocarbons 
3. BAL = Below reporting limit 

SSE-AEPnTABS-2.WKl 2 

•' 
•,:y :.-;,,. ":">." ~ . -.:-: -~ 

J 
:~?? ::=~.:-:- ·:i; 

> 

dbMMENTS' }:t 

20-Nov-!l6 



TABLE 3-5 
RI OFF-SITE LABORATORY SOIL RESULTS 

AOC 63BD 

SITE INVESTIGATION REPORT 
DEVENS.MASSACHUSETTS 

I BORING NO. ·eo,-.::9~ -::01X} BDM-96-02X I BOM- 96= p_sx l BDM-96- 03X l=B.DM_;;.;95 .... 04e1 BD.M - 96 .....:0SX 
ANAL'(.tE I DE~ 23 - 25* ...... 1 ..... 29 -:-~1 ,ft I 
VOLATILES (ug/g) 
Methylene ohlorlde·· ~: NA .•.• NA V , , 

Acetone NA NA ,. •' •;-•-•.• 

Toluene ' NA .NA ~- ... ... " 
•' · - ..,_ .... -.. :-·· .. .. 

Ethylbenzene NA NA 
Tqfal.~yte;;s ··, '. 7·,: :·; ::N•• '' ·••.•. ' ... 

NA --· NA 

rr-C-5,to n:-,O-,~ t llphatlcs 
.. 

BAL-
,,. 

: .. - ·, .. BRL :,.·, ,_ 

n- C 9 to n-C 12 Aliphatk:s 14 BRL .. 
=❖:-:• 

,- .... ~. .. ., 

n-C 9 to n- c ·· t0.AIIPhaticil . . . . . . EJRI.; BR(. 
TOTAL VPH (ug/g) 14 BAL 
SEMIVOLATILES (ug/g) 
Naphthalene·· _ '" -- NA NA :cc-

--
,Y• 

2-Methylnaph~h.alene NA NA 
' 

.... .. 
A¢enaphthene 

·;;-·- -::{-j iA:,'.·. NA --
...... -

Dibenzofuran NA NA 
~ 

... ... "' . NA.' ·•··- ... 
Fluorene .. NA .. 
Phenanthrene NA NA .. .-, 

NA Anthracene -- ... ' .. NA .. 
Di - n- buty_lphthalate NA NA .. -" .... ,. . 
Pyrene .. . N~. NA .. 
Butylbenzylphthalate NA NA 
bls(2~.Ethylhexyl)phthalate 

. .. ·~·• .'\.• ... 
NA·' ; _NA . 

n-C 5 to n-C 18,Aliphatk:s BF.IL ··BRL 
n - C 19 to n-C 36 Allphatics BAL BAL 
n-C 1010.n- C 2_2Aliphatlcs 

.... ~-
BRL ">: BAL 

TOTAL EPH (ug/g) BAL BAL 
PETROLEUM HYDROCARBONS (ug/g) 
Total Petroleum fiydrooarbons-(418.1) 116'0 :-: ~- 1230 
VPH/EPH Total Petroleum Hydrocarbons BAL BAL 
OTHER (ug/g) 
Total Oraanlc-Catbon ·:, .<360,. <360 

NOTES: 1. Data as reported by CompuChem Environmental 
Corporation; data have not been "blank-corrected." 

B (organics) = Also found in associated method blank. 
J = Estimated value, below sample quantitation limit 
NA= Not analyzed. 

.. 

' 

VPH= MADEP's volatile petroleum hydrocarbon method. 
EPH= MADEP's extractable petroleum hydrocarbon method. 
ug/g = micrograms per gram. 

SSB-RBP'I\TAB!l-•.WKl 

27 --: 29 -ft L 2,7,-~ ft ,duPI \. .ae. + so;<ft I 29-S1,' ft .. .. 

NA NA; NA. NA 
,1,-. ' NA NA NA NA .. 

:-:• NA NA NA '-""" .. ;..:;: 

NA NA NA NA .. - '"A, .. 
NA· ,. .NA NA NA 

-. BAL BAL BAL BAl 
" ..... 

BAL BAL BAL BAL 
•· ., ...... ... 

:·BAL BAL BAL BAL . .. .. 
BAL BAL BAL BAL 

•· 
NA ·NA ,NA NA 
NA NA NA NA ., 

NA NA NA NA 

NA NA NA NA .. 
-NA NA NA -NA 

' . 
NA NA NA NA .... . . . . 
NA NA NA NA 
NA NA NA NA ,. ., -- . . -
NA " 

·-· NA NA NA ,- . . 

NA NA NA NA 
t·. 

N~ NA ~= -._ NA NA 

BAL , .. BAL . .... BRL BAL 
BRL BAL BAL BRL .. .... 
BAL BAL .. / BAL BAL 

BAL BAL BAL BAL 

<28.5 <28;5 
'" 

<2~.5 <28.5 
BAL BAL BAL BAL 

<360 <360 8.79 <360 

Ol - 0..-116 



TABLE .1-6 
RI OFF-SITE LABORATORY GROUNDWATER RESULTS 

AOC 63BD 

SITE INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

WELL. No,J !c~~-=-oix 11666:W'::,oa . sp~0'!~(k:;9P' : ~I)~~~ ..,~ iji)M;;:.9~;-Qll ii>:r.t-:-:~ -:-m:x; in:>¥-:-~6-:-~n r ~'.Jili,t..,.~ -:-osxl 
§AMPLE OATJ;J IQ~)" t_~ l niL.:v ~'9~ i~Y.1-~~ · ~.tri:Y:\9i}6 JQt.Yi.~.cs .rpi,y,1ij~ JtTLY' t.996 ' I.J~Y 1996 ,--

ANALYTE SAMPLE No.1 MX.166613 1 .MX166623 moo1x1 " MDsboix1dui MXBD.02Xi )IXBD0:3x't -MXii>o4e1 Tmho.sx1 
VOLATILES ~g/L) 
h-c 5 fo n-C ~ Aliphatics _ 
n-C 9 to n-C 12 Aliphatics 
n-:C 9 to n-O 1OAr:omatlcs 
EQUALENT VfH (ug/L) * 
SEMIVOLATILES (ug/L) 

BAL-- 'B,Rl. 
BRL 19000 
BAL ~ -

BRL 6400 

~={ ~;;o";~;~~;~:~:s 1 · ~~,t ·· {!f®: 
n-C 10 to n-C 22 Aromatics BAL 10000 
EOUIYALENT EPl-tjug/L) * I BRL 14000 

Na_phfh~n~ §~.h, .. . 1.00 
2-Methylnaphthalene BRL 460 
Acei:iapflth~lepe · ,, ... ~Rl '= ~11Q 
Fluorene BAL 62 
Pheri1'.oihr~Qe _ _ ._ .... ~ tf .l.. -~ -. 
TOTAL PETROLEUM HYD~OCARl3ON~_(1.1g/L} 

i -~~!~!~~tALENT~PH/EPH * ·l· ~~ . • 2!~~ •. 

OTHER_ (ug/L} 

\. ~~AL 
BRL 

:-·v:,:-:,:. 

8RL 
BAL 

BRL 
B°ril,. 
BRL 
BAL 

~A~ 
BAL 

~A~ 
BRL sac;: 

,h 4•000 
.-., J., ' •• 

BRL 

c; ·.--.·.-,A~ -, •CS< ·••· ,•·: 

To~t H~r.q.rwss· ~34QQ ·,; 1#0Q ,,, ·. ':$.J®o> 
Alka\in~ 

,.Tot~i Iron 
Nitrate/Nitrite-Non Specific 
Nit:rog~n by Kj~tdahi Metho~ 

• T.. ~ 0 j . • 

Total Phosphate 

SSE-REVI\TAB5-5.WK1 

115000 

<Sl:iJ 
75.9 

-~1 .; <"i'83 
.... _._.:,,. 

<13.3 

12000 13000 
• ~'.,:. -! ''.,; 

_12? s~ij;~ 
79 30.8 

··:t-· :~ 
<1§3 <183 ,,;;-;-=-·- .-x 

<13.3 <13.3 

- ~./ BAL? ·: -;,s: eFt~ 
BRL 

-a/3i.. 
BAL 

BAL 
BR~.·-·, ... 
BRL 
BAL 

·· i BR.4 ,., 
BAL 

.,~~~:. 
BRL 

....... ,~.y... • ....... 

am., 
·.£t14 _ _ _ 

BRL 

* "'fJ52qo'·:} 
10000 

_<M:~-" 
69.2 '~ ,.,.,.. _._ .. 

-::; i es ; .• 
.-.-; N· 

<13.3 

1 

BAL 
:sR,t; 
BAL 

BAL 
... 

.. J7()0 
BAL 
8.3 

BR~·· 
BAL 

,: ~ 

. Bt-tL 

BAL 
--.:;-. :;.-? 

J~RL 

s·200 t--. •••• - -':-· 

8.3 

41gdp 
8000 

io$O 
37.7 

i183 . 
252 

·=;~- BRL ,:,>.•. 

BRL 
. :-:-:· 

. BR.L 
BAL 

890 

~9QO 
BRL 

58 
BAL '. 
BAL 
sij4 
BRL 

sJ:i~ 

1,090 
58 

, .. 2~00-- ' 
12000 
::· :x-=-· -· 

~33 
144 

-t1 ~~ ., 
<13.3 

BAL -: 

BRL 
BBJ .. 
BRL 

BRL 
-~R~. 
BAL 
BRL 

~RL 
BRL 
$RL 
BRL 
ijRi,. 

~jrl 
BAL 

"2§#6<1 .. 
76000 

.:.:~O!f" 
135 

.f 1a§ 
82.4 

·eRL 

BRL 
{311~ 
BRL 

BRL 
··· 1600 

BRL 
7.8 

BR~. 
BRL 
BAL 
BRL 
BRL 

490 
7.8 

gs~:po 
7000 

<~6:.s 
93.5 

<1'Efa 
<13.3 
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ANALYTE 
Chloride 
Sulfate 

Sulfide .. 
NOTES: 

· Wt;L_L N_O. 
SAMPLE P~it 

SAMPLE NO. 

TABU: .. "-6 
RI OFF-SITE LABORATORY GROUNDWATER RESULTS 

AOC 638D 

SITE INVESTIGATION REPORT 
DEVENS,MASSACHUSETTS 

166~w.-.~µc: L!~--4nx 
JW. Y 1,996 J. Jp!,;Y l 996 

MXJ66613 I .MX'.166623 

23000 ~00 

•-~~~~-~i.!. BPM-t~fP.J~ -~)i~i..~X.!iB~¥1»~ , ,-~il)t~Mf ?fj p.1~ I :~.ti~-~-~ 
1ui:.vt~ ., ~]iQix1,92~~71u~t1~6 .... 11-W-Y ·-~ - . }PLY~§ I JULY 1996 
MXBooiif/ Fu.oBD01Xlduil ·MXBU02:Xl I w omx:f . . mD04Bl I MXBDOSXl 

1~,QQQ '18000 . •·•·13~ ·- ~1§0QQ 18000 ?()000 
16000 18000 13000 13000 130000 <10000 30000 14000 

, S. :<.50 "<5.0., •• , ••• , ... <:&>»: :<50 ,, •• <w··c:,i'Y\469 ....•..... i : ;'. <SQ:•C , J<:50 ~ 5,0; 

1. SSE data as reported by CompuChem Environmental Corporation; data have not been "blank corrected." RI data as reported by ESE 
Laboratory and Groundwater Analytical. 

NA = Not analyzed. 
* = Concentrations have been adjusted with MADEP toxicity values. 

VPH = MADEP's volatile petroleum hydrocarbons 

EPH = MADEP's extractable petroleum hydrocarbons 
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TABLE 3-7 
RI HUMAN HEALTH PRELIMINARY RISK EVALUATION OF GROUNDWATER 

SITE INVESTIGATION REPORT 
AOC 638D 

DEVENS.MASSACHUSETTS 

ANALYTE s~l~~~!l?~IT:e:· lbfr :-~~r!li"j1: STANgli!~LINE? 
h: • fugJL} ' • 

VOLATILES (ug/l) 
N.le~ ylene chloride 3 3 
Tolu~ 

-~. :t •• ,..~: 'j;·= -2~.1 Jg_ ·~· ;:.;: .. .. • y. 

Ethylbenane 15.5 47 
Total xilenes 134 420 
SEMIVOLATILES (ug/L} 
Naphij,a.lane ":t; . £if i ......... · ' 15 . 100 ··-
2.,-Methyln8')hthale.n.e . :~; r .... '~~ ~60 
1-Methylnaphlhalene 10 58 

Dielhylphlhalate 0.6 6 

A~/'l_ap~~~~, 
~- \•.•,• ... ' ·-:·~· " ·-.:·,: , . )(';~ . )., 11 0 110 

Fluorene 6 62 

Pentachlor6phen~I - l:. T -:«•:: 
2 

:-:-: ... ~-::::: ::: :,: 
. 0.2 

Phenan~rene w, ;~?. ij 
~i:: _n-~!~hlh_~late_ i ·•·· 0.5 3 

" -~ -- -.•·-- fo" ... .. so B19(2,. ~lnexv~i:1h1ha a1e :-.:.,-:-: 

PETROLEUM HYDROCARBONS (ug/ll 
Total Equivalent TPHC • _ _g,560 20.400 

Notes: 
(a] Based on analytical da1a from Well No. 1666W-01X and 1666W-02X (and their duplicates). 

1/~. 
31,~ 
3/3 
3/3 

· ~rfo 
"3/10 

,. 

2/10 

1/10 

1/·1.9 
3/10 

»: .. 

1/1Q 

~:,. ~P. 
3/ 10 
sffo 

4/8 

r 
l. 

" 

5 
<iooo ' 

700 
10,000 

20 

NA 
NA 

5,000 
'1,U 
NA 

1 
~ 

3,700 
, ""a-

--:~--

5 
·\1,000 .... 

700 
6 000 

2f ::· ~ 
·,· 

, C) 

NA 

30 
·- ~ . ..,. .. 
20 .. 

300 

1 
50 
NA 
.6. "i .. _ .. ..,._._ 

·:::.,;;. 

1,000 

(b] Includes the lowest of either the EPA or MA drinking water standards or guidelines, or if no federal or state standard or guideline is available, the USEPA Region Ill 1ap water 
concentration. 

(c] Includes the lowestoftheGW-1 , GW-2, or GW-3 standards. 
* = Toatl equivalent TPHC conc:;entrations are calculated 1hrough the addition of the equivalent VPH and the equivalent EPH concentrations. 

TAll!-7.WK1 

No 
No 
No 
No 

Yf/5 
Yes 

No 

Yes 

No 

Yes 
Yes 
No 
Yes 

Yes 
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AREE 
ABB-ES 
AOC 
ATEC 

BRAC 
BRL 
BTEX 
bgs 

CERCLA 

cm/sec 
CMR 
coc 
COPC 

DCC 
DQO 

EPH 
ETA 

FFA 
FS 
FSP 
ft/ft 

GC 
GPR 

HASP 
HSA 

IAG 
IR 

KGS 

W012961.080 

GLOSSARY OF ABBREVIATIONS AND ACRONYMS 

Area Requiring Environmental Evaluation 
ABB Environmental Services, Inc. 
Area of Contamination 
A TEC Environmental Consultants 

Base Realignment and Closure 
below reporting limit 
benzene, toluene, ethylbenzene, and xylenes 
below ground surface 

Comprehensive Environmental Response, 
Compensation, and Liability Act 
centimeters per second 
Code of Massachusetts Regulations 
chain-of-custody 
chemical of potential concern 

Devens Commerce Center 
Data Quality Objective 

extractable petroleum hydrocarbons 
Engineering Technologies Associates, Inc. 

Federal Facilities Agreement 
feasibility study 
Field Sampling Plan 
feet per foot 

gas chromatograph 
ground-penetrating radar 

Health and Safety Plan 
hollow stem auger 

interagency agreement 
infrared 

Kansas Geological Survey 

ABB Environmental Services, Inc. 

8740-03 



GLOSSARY OF ABBREVIATIONS AND ACRONYMS 

MADEP 

MCL 
MCP 
MEP 
mg/L 
msl 
µg/g 
µg/L 

NCP 
NFA 
NGVD 
NPL 

OSHA 

PAHs 
PAL 
PID 
POP 
ppb 
ppm 
PRE 
PSI 

QA 
QAPP 
QC 

RFfA 
RI 

SARA 
SAP 
SI 
SSE 
SSI 

W012961.080 

Massachusetts Department of Environmental 
Protection 
Maximum Contaminant Level 
Massachusetts Contingency Plan 
Master Environmental Plan 
milligrams per liter 
mean sea level 
micrograms per gram 
micrograms per liter 

National Contingency Plan 
no further action 
National Geodetic Vertical Datum 
National Priority List 

Occupational Safety and Health Administration 

polynuclear aromatic hydrocarbons 
Project Analyte List 
photoionization detector 
Project Operations Plan 
parts per billion 
parts per million 
preliminary risk evaluation 
Preliminary Site .Investigation 

Quality Assurance 
Quality Assurance Project Plan 
Quality Control 

Reserved Forces Training Area 
remedial investigation 

Superfund Amendments and Reauthorization Act 
Sampling Analysis Plan 
Site Investigation 
Supplemental Site Evaluation 
Supplemental Site Investigation 

ABB Environmental Services, Inc. 

8740-03 



svoc 

TEPH 
TOC 
TPHC 
TSS 
TVPH 

USA CE-NED 
USAEC 
USATHAMA 
USEPA 
USFWS 
UST 

voe 
VPH 

W012961.080 

GLOSSARY OF ABBREVIATIONS AND ACRONYMS 

semivolatile organic compounds 

total extractable petroleum hydrocarbons 
total organic carbon 
total petroleum hydrocarbon compounds 
total suspended solids 
total volatile petroleum hydrocarbons 

U.S. Army Corps of Engineers, New England Division 
U.S. Army Environmental Center 
U.S. Army Toxic and Hazardous Materials Agency 
U.S. Environmental Protection Agency 
U.S. Fish and Wildlife Service 
underground storage tank 

volatile organic compound 
volatile petroleum hydrocarbons 

ABB Environmental Services, Inc. 

8740-03 
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Contractor: N 14 ?.:t,~,...,c.,. I Dato Slarted: 3 J.,.,_. r1"1 

Method: ~P ,- -' / 14--SI\ Casing Size: 

Ground Elev.: Soil Drilled: 
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/ G G6 6 ----Gt\( 

Contractor: NH ru,iJ(.,- Dato Started: ""2_, JA...i "T 3 Completed: '3 JA-... '\ 4 

Method: ~Pr ""I H.SA Casing Size: y . 2 c; ·• H 5A Pl Meter. i:! :,:?"J'r ovfw'\ 
Ground Elev.: Soil Drilled: ~c'.J. .,/ Total Depth: "3-.:2. ' 
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Screen: (ft.) I Riser: (fl.) I Diam: (ID) I Malarial: Page ~ of: -:2.. 

a: 
(!J w 

~ z Ill 

ffi ~ 
>-:> w 

w re e [ z C 
a: ~ w w 
() 

~ ~ ~ ~ fl! 8 
C l ~ a. w a: ...J a: 

w 
u C SOIUROCK OESCRl: 1TION BLOWS/6-IN . COMMENTS 

I lz-
lts"l 3.9 ~:, I ~,W.'£LJ.Y s~ 

1 
/o--u: ¼ 11+13-IS"- 'f 

G<"~~~'El- Tb ~'/:c• ,; C.-F= ~ANO 
(c;w) 

'30 30-
3:2 

C , I I 
<-&5°/0 FIi•.,'~ D~Y, e,~o~vN 
( 7, 5" y ,~ "+/z.') 

~· IC •'{ I &~~~y SAIJO t 0~ ~/4 

,, 
. ::. •· --. 

&,~\V<;<.. ~ \h;' C.-F $ 11 AID , 
~~,;/~ (-1/IEs SAi\JR.ATED 

I J 

1-r. Ya.LO"w • f3R.ow,., ( to YR '-l't') 
f'e""mC...,ZtlM. OOOJ"L 

r:;~o oi:- ~,.;c,- ~ 32,' 

'7-I 1-Jl.f-Jt, ( sw.) 

'-----------------------------ABB 1:nvlronmantal Services, Inc. 
920S007U 



Conlraclor: ,11 If B 
Method: 6 . .l5" HS1._ 
Ground Elev.: 

Logged by: 'Ji.., Kenri 
Screen: (rt.) I Ri~er: 
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SOIL BORING LOG - FORT DEVENS, MA. j PROJECT NO.: 8740.02 BORING NO.:BDP-96-01X 

STUDY AREA: AOC 63BD 

CLIENT: COE DATE STARTED: 6/18/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/18/96 PID METER: OVM 580B 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 31' 

GROUND ELEV.: REFERENCE PT. ELEV.: WATER TABLE BGS:21 ' 

LOGGED BY : JCR CHECKED BY: JCR 

Logged from cuttings. 

SAMPLE SON.JROCK DESCRIPTION 

PENJREC. ANO PHYSICAL CONDITIONS uses ONSITE 
(ftJft.) SOIL SCREENING 

NO. DEPTH PIDOFSPOON BLOWS/6 IN . CLASS. 

S1 0-5' 0.2 Silty sand, well graded fine to SM 
medium sand, 20% silt, loose, dry, 
non plastic, dark brown. 

S2 5-10' 0.2 Same as above. SW 

S3 10-15' 0.2 Well graded sands, fine to medium, SW 
rounded to subroununded, 10% silt, 
10 yr 5/4 yellowish brown. 

S4 15-20' 0 Well graded fine to medium sand, SW 
same as above, <5% well rounded 
gravel, .5 - 1" diameter. 

S5 20-24' 0 Same as above. 

S6 24-26' 0 Well graded medium to coarse sand, 10,14,12,11 Split spoon 
angular to subrounded, flakes of sample. 
mica, <5% rounded gravel, saturated, BDBX0124 
light brown. 

S7 26-30' Cuttings same as 20-24' Collected 
water sample 
MXBD01P1 

SB 30-31' End of boring at 31 '. 

ABB Environmental Services, Inc. 



SOIL BORING LOG - FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO.:8DP-96-02X 

STUDY AREA: AOC 63BD 

CLIENT: COE DATE STARTED: 6/18/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/18/96 PID METER: OVM 580B 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 31' 

GROUND ELEV. : REFERENCE PT. ELEV.: WATER TABLE BGS: 24' 

LOGGED BY : JCR CHECKED BY: JCR 

Logged from cuttings. 

SAMPLE S011.AlOCK DESCA/PTPN 

PENJREC. AND PHYSICAL CONDITIONS uses ONSITE 
(ltJlt.) SOIL SCREENING 

NO. DEPTH PIDOFSPOON BLOWS/6IN. CLASS. -
S1 0-5' 0 Silty fine sands, 20-30% silts, loose, SM 

dry, 10 yr 5/3 brown. 

S2 5-10' 0 Same as above. SM 

S3 10-15' 0 Silty sand, medium - subrounded SM 
sand, 5% subang. to subrounded 
gravel, color and moisture same as 
above. 

S4 15-20' 0 Same as above, gravel increasing a SM 
few%. 

S5 20-24' 0 Same as above. SM 

S6 24-26' 0 Well graded fine to medium sand, 5- 9,13,13,19 SW PXBD0224 
10% silt, gravel subang -
subrounded, saturated, 10 yr 5/2 
grayish brown 

S7 26-30' Same as above. MXBD02P1 
Collected wate 

l c<>mnl<:> 

End of boring at 31 '. 

ABB Environmental Services, Inc. 



SOIL BORING LOG • FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO.: BDB-96-02X 

STUDY AREA: AOC 63BD 

CLIENT: COE DATE STARTED: 6/24196 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/24/96 PIO METER: OVM 580B 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 29' 

GROUND ELEV. : 259 REFERENCE PT. ELEV. : WATER TABLE BGS: 25' 
LOGGED BY : JCR CHECKED BY: JCR 

SAMPLE SOil/ROCK DESCRIPTION 
PENJREC. AND PHYSICAL CONDITIONS uses ON-SITE 

(ftJft.) SOIL SCREENING 
NO. DEPTH PID OF SPOON BLOWS/6 IN. CLASS. 

S1 0-5' 1.2 0 Top 0.4': Sandy silt, 20% fine- 3,8,12,8 ML 
medium sand, loose to dense, 
dry, dark brown. 
0.4-0.6': quartz frag. 
0.6-1.2': silty sand, 20% silt, 
fine-med. sand, loose, dry, 1 0yr 
5/6 yellow brown. --- -- · 

S2 5-7' 1 0 Well graded fine sand, ang. - 6, 10,12,9 SM 
subang. medium dense, dry, 
10yr 7/2, light gray. 

S3 10-12' 1.4 0 Well graded fine sand, ang. - 7,9,11,11 SW 
subang., med. dense, dry, 1 0yr 
7/2 light gray. 

S4 15-17' 1 0 0-0.7': same as above. 7,9,22,20 SW BXBD0215XF 

0.7-1.0': Gravelly sand, 
subrounded sand, similar to 
above 

S5 17-19' 1.2 0 Well graded gravelly sand, 29,23, 18, 16 SW-
20% med. - coarse gravel GP 
(sunang. - rounded) fine to 
medium sand, dense, dry, 1 0yr 
5/2 aravish brown. 

S6 19-21' 1.2 0 Well graded medium sand, 10,7,10,12 SW BXBD0219XF 
subang. med. dense, damp, 
1 0yr 5/2 grayish brown. 

S7 21-23' 1.3 5.1 Gravelly sand, 15% gravel, 30,30,27,22 SW 
subang., dense, damp, 1 0yr 
5/2 

SB 23-25' 0 Well sorted sand, same as 21- 19, 18,21,21 SW BXBD0223XF 
23 without gravel, wet. 

S9 25-27' 0 Same as above, 10% gavel, 25,39,51,31 SW BXBD0225XF 
saturated. 

S10 27-29' 1.8 1.2 Same as above, odor, 13, 16, 19,21 SW BXBD0227XF 
saturated. 

S11 29-31' 1.8 49.8 Top 0.4': well graded medium 12, 14,20,37 SW BXBD0229XF 
sand, same as above. 
Middle 1.0' well graded coarse 
sand, same as above. 
Bottom 0.4': well graded 
medium sand, same as above. 
End of boring. 

ABB Environmental Services, Inc. 



SOIL BORING LOG - FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO.: BDM-96-01X 

STUDY AREA: AOC 63B0 

CLIENT: COE DATE STARTED: 6/18/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/19/96 PIO METER: OVM 580B 

METHOD: HSA 6.25" BORING DIAMETER: 9" TOTAL DEPTH: 33' 

GROUND ELEV.: REFERENCE PT. ELEV.: WATER TABLE BGS: ~25' 

LOGGED BY : R. M. CHECKED BY: JCR 

SAMPLE SOIL/ROCK DESCRIPTION 
AND PHYSICAL CONDITIONS uses ONSITE 

SOIL SCREENING 
NO. DEPTH REC(ft.) PIDOFSPOON BLOWS/6/N. CLASS. 

S1 0-2' 1.5 0 Silty sand, 25% fines, fine sands, 4,6,7,7 ;;>M 

nonplastic, loose, dry, 1 0yr 5/6. 

S2 5-7' 1.4 0 Well graded fine to medium sand, 4,7,12,12 ;:,vv 

<10% sllt, 5% rounded gravel, 
lnMA drv 10vr 5/3 brown. 

S3 10-12' 1.5 0 Same as above, 10% slits. 8,10,9,10 SW 

S4 15-17' 1.6 0 Same as above, moist. 4,9,11,12 SW BXBD0115 

S5 17-19' 1.5 0 Well graded sand, similar to above, 44,20,26,23 ::>VV 

moist. 
S6 19-21' 1.6 0 Same as above, 10-20% gravel, 11,15,19,13 :;:;vv- BXBD0119 

rounded - subrounded 1.5-2" diam., 
SM 

10-15°/,, ,::ill 

S7 21-23' 1 0 Similar to above, no gravel. 12, 18, 12, 15 ;;>VV• 

SM 

SB 23-25' 1.5 0 Same as above, bottom 1.0' wet - 8,8,13,14 ;:,vv- BXBD0123 
saturated. 

SM 
MATPH 

S9 25-27' 1.6 0 Same as above, saturated. 5,8,9,9 ;:,vv- BXBD0125 
SM 

MATPH 
S10 27-29' 2 0 Fine-med. well graded sands, 8, 17, 16,13 SW BXBD0127 

rounded - subrounded, 10% fines, GRAIN SIZE 
,::at, m:it .. r1 hrnwn 
Augered to 32' w/o split spooning. 

End of boring. 

ABB Environmental Services, Inc. 



SOIL BORING LOG - FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO.: BDM-96-02X 

STUDY AREA: AOC 63BD 

CLIENT: COE DATE STARTED: 6/25/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/25/96 PID METER: OVM 580B 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 33.0' 

GROUND ELEV.: REFERENCE PT. ELEV.: WATER TABLE BGS: ~24.5' 
LOGGED BY : HKW CHECKED BY: JCR 

SAMPLE SOIL/ROCK DESCRIPTION 
PENJREC. AND PHYSICAL CONDITIONS uses ONSITE 

(ltlh.) SOIL SCREENING 
NO. DEPTH PIDOF SPOON BLOWS/6 IN. CLASS. 

S1 0-2' 8" 0.5 Silty sand, well graded, loose, dry 4,5,5,8 SM 

color 1 0yr 3/3 dark brown top soil 
with roots ~10% aravel <1/2 inch 

S2 5-7' 1.3 0 Sand, poorly graded, mostly fine 5,9, 11, 18 St-' 

sand, occassional <5% gravel 
clasts, <5% fines, loose, 1 0yr 6/2 
linht .. , .,;,.,:h nrAV 

S3 10-12' 1.1 0 Top 0.6': Fine sand, same as 5-7'. 6,8, 10, 12 St-' 

Bottom 0.5': Very fine sand, poorly 
graded,loose, damp, 1 0yr 6/2 light 
brownish gray, horizontal thin brown 
.!:AAms - c<>nrt 

S4 15-17' 0.1 0 Too little to classtty. 15,t:4, 18, 18 

S5 17-19' 1.3 0 Well graded c-f sand, 10-15% 15, 13,24,30 ;:,vv 

coarse gravel up to 1" diam. 
medium dense, damp, 1 0yr 6/2 light 
LH ,.,.,,., 

S6 19-21' 1.1 0 Well graded c-f sand, same as 17- 41,2/,23,23 ;:,vv 

19', high blows are reflective of 
siltstone rock - 1-1.5" thick, <5% 

l finAs 

S7 21-23' 1.4 0 Well graded c-f sand, same as 42,32,40,25 ;:,vv 

above. 
SB 23-25' 1.6 0 Well graded f-c sand, ~10% gravel, l:l,14, 10,2.! ;:,yy 

coarse up to 1 inch, <5% fines, 
saturated at tip, 1 0yr 5/2 grayish 
brown 

S9 25-27' 1.2 0 Well graded f-c sand, same as 23- 11,12,14,8 ;:,yy 

25'. 
S10 27-29' 1.7 0 Poorly graded medium sand, ~5% 4,8, 10, 10 SP 

coarse gravel up to 1 /2" <5% fines, 
saturated 1 nvr 5/3 brown 

S11 29-31' 1.7 0 Poorly graded mostly medium sand, 26,19,19,30 SP MXBD0229XF 
same as 27-29'. 

S12 31-33' 1.7 0 Top 1.1 ': poorly graded, mostly med. 12,40,22, 1 B SP 

sand, same as 29-31'. 
Bottom 0.5': Poorly graded mostly 
fine sand, occassional gravel <5% 
up to 1 /2 inch, 1 0yr 6/3 pale brown, 
c<>tur<>t<>rt 
B.O.B. at 33' bgs. 

ABB Environmental Services, Inc. 



SOIL BORING LOG - FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO.: BDM-96-03X 

STUDY AREA: AOC 63BD 

CLIENT: COE DATE STARTED: 6/25/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/25/96 PIO METER: OVM 580B 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 33' 

GROUND ELEV.: REFERENCEP~ELE~: WATER TABLE BGS: ~25' 
LOGGED BY : JCR CHECKED BY: JCR 

SAMPI.E SOIL/ROCK DESCRIPTION 
AND PHYSICAL CONDITIONS uses ONSITE 

SOIL SCREENING 
NO. DEPTH REC(ft.) PIDOFSPOON BLOWS/6 IN. CL.ASS. 

S1 1-3' 1.8 0 Silty sand, 20% silt, fine to medium 4,7,9,8 SM 

sand, loose, dry, top 0.5 dark brown 
1 0yr 3/1, bottom 1 0yr 6/8 brownish 
v,::,11,-.., jn,-•...,i:u:dnn ,...,..,,-1 with rlo:,nth 

S2 5-7' 1.2 1.1 Top 0.4': Same as above. 8, 14, 15,20 SM 

Mid. 0.6': Gravelly, well graded SW 

medium sand, 10-20% small gravel, 
anQ. - subanQ., loose. 
Bottom 0.2': Poorly graded fine SP 

sand, unifiform, medium dense, dry, 
1 Ovr ~f:I n::ilo:, brown 

S3 10-12' 1 0 Top 0.5': Well ggraded medium 4,6,11,12 l;jyy 

sands, loose, dry, 10yr 7/2. 

Bottom 0.5': Poorly graded fine SP 

sand, very uniform, laminations 
i::RmA rnlnr drv 

S4 15-17' 1.2 0 Well graded medium - coarse sand, 6, 13, 12,15 ;;:,vv MXBD0315XF 
5% rounded gravel, loose, damp, 
1 nvr i.r-1 brown 

S5 17-19' 1 0 Same as above. 11, 14, 18, 19 l;jyy 

S6 19-21' 1.6 5.5 Well graded coarse sand, subang. - 5,8, 13, 19 ;:,vv MXBD0319XF 
subrounded, same as above. 

S7 21-23' 1.2 3.6 Top 0.8': Well graded gravelly sand, 32, 14, 11, 14 ;;:,yy 

15% 1/4"-1/2" subrounded gravel, 
dense, damp, 1 0yr 6/2 light brown -
arav. 
Bottom 0.4': Coarse sand, same as 
19~21·. 

S8 23-25' 1 1.6 Same as above, wet coarse sand. 7,12,12,16 ;:,vv MXBD0323XF 
MBD0323XF 

S9 25-27' 1.2 0 Gravelly sand, 15% 1 /4" gravel, 7,10,10,9 ;:,vv 

saturated. 
S10 27-29' 2 0 Coarse sand, 10% gravel as in 25- 14,20,22, 19 l;jyy MXBD0329 

27'. MDBD0329 
I MVCru ·•·~~y'F 

S11 29-31' 1.8 0 Coarse sand as above. 6,15,17 SW 

Augered to 33' to set well. End of 
boring. 

ABB Environmental Services, Inc. 



SOIL BORING LOG - FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO.: BDM-96-048 

STUDY AREA: AOC63BD 

CLIENT: COE DATE STARTED: 6/26/96 PROTECTION: D (Mod.) 

CONTRACTOR:NHB DATE 
COMPLETED: 

6/26/96 PIO METER: OVM 580B 

METHOD: HSA 4.25" 6" TOTAL DEPTH: 53.5' 
BORING 

GROUND ELEV.: DIAMETER: WATER TABLE BGS: ~25' 
LOGGED BY : R.M. REFERENCE PT. JCR PAGE 1 OF2 ELEV.: 

CHECKED BY: 

SAMPLE SOILJROCK DESCRIPTION 

PIDOF AND PHVSICAL CONDITIONS uses ONSITE 
SPOON SOIL SCREENING 

NO. DEPTH REC. (FT) BLOWS/SIN. CLASS. 

S1 0-2' 1.4 0 Top 0.4': Dark brown 10yr 4/2 silt 2, 12,1::,,13 ML-:St-' 

with some sand, roots, little gravel, 
dry to damp, loose. 
Bottom 1.0': 1 Oyr 6/3 medium sand, 
trace silt and aravel drv. loose 

S2 2-4' 1.2 0 Same as above, little coarse gravel. 11,1:1,1:1, 10 :::or-

S3 4-6' 1.3 0 (1 Oyr 5/2) brown coarse sand and 8, 13, 13, lb ;;:,r-

gravel (30%), poorly graded, dry, 
llnnc .. 

S4 6-8' 1.3 0 (1 Oyr 6/2) brown medium to coarse 10,22,22, 17 SM 

sand, poorly graded, dry, loose. 

S5 8-10' 1.5 0 (10yr 6/3) light brown medium sand, 6,7, 13, 1::, :::iM 

trace silt and gravel, very poorly 
Iaraded, sliahtlv damp, mod. dense. 

S6 10-12' 1.5 0 Same as above, some fine sand. !l, 12, 12, 12 SM 

S7 12-14' 1.3 0 Top 0.6':(1 Oyr 6/3) same as above. 1<1,12,1::,,1::, :::iM 

Bottom 0.7': Coarse sand, trace silt 
and aravel drv loose. 

SB 14-16' 1.3 0 Same as above. 12,15,17,16 SM ·- l4Xt-

S9 16-18' 1.4 0.8 (1 Oyr 6/3) CMF sand (20% fines), /, 11, 1<1,111 :::iM 

trace gravel, dry to slightly damp, 
lnnc, .. tn rnnrl lnnc .. 

S10 18-20' 1.3 0 Same as above. 13, 16,24,26 :SM ,u _• '-'._v'"CHSJl.t" 

S11 20-22' 1.2 1.9 (1 Oyr 6/3) Brown emf sand, trace 12, 16, 11:1,20 :SM , .. -- ~ 

1aravel sllahtlv damo. mod. dense. 
S12 22-24' 1.2 3 Brown (1 Oyr 5/3 emf sand, trace 2<1, 11:1,20,20 :SM 

fines and gravel, slightly damp to 
dry. 

S13 24-26' 1.3 0 Grayish brown (1 Oyr 5/3) emf sand, 14, 14, 16, 18 SP 
and little gravel, trace silt, saturated, 
mnn n .. n., .. 

S14 26-28' 1.5 0 (1 Oyr 5/3) coarse sand, trace silt 19, 19,22,23 SM 
.,. 1 ■ ,ALi•u.:y1,. 

and aravel saturated dense. 
S15 28-30' 1.7 0 Same as above. 22,21,31,33 SM 11\!1_ 'Ml• 

MATPH TPHC 

S16 30-32' 1.5 0 Same as above. 4,7 7,10 SM 
S17 32-34' 1.1 0 Same as above. 5,6,7,10 SM 
S18 34-36' 0.9 0 Grayish brown (1 Oyr 5/2) med. 4,8, 17,50/.4 SM nn -•• [9~ 

sand, trace silt, no gravel, saturated, 
mon n .. n., .. 

S19 36-38' 1.1 0 Same as above. 11, 10, 15, 18 SM 

ABB Environmental Services, Inc. 



SOIL BORING LOG • FORT DEVENS, MA. I PROJECT NO.: 8740.02 BORING NO. : BDM-96-04B 

STUDY AREA: AOC 63BD 

CLIENT: COE DATE STARTED: 6/26/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/26/96 PID METER: OVM 580B 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 53.5' 

GROUND ELEV.: REFERENCE PT. ELEV.: WATER TABLE BGS: ~25' 

LOGGED BY : R.M. CHECKED BY: JCR PAGE2OF2 

SAMPLE SOIL/ROCK DESCRIPTION 
PENJAEC. AND PHYSICAL CONDITIONS uses 

(ftJft.) SOIL 
NO. DEPTH PIDOFSPOON BLOWS/6 IN. CL.ASS. COMMENTS 

S20 38-40' 1.9 0 (1 0yr 5/2) medium to coarse sand, 5,7,11 ,19 SI-' 

little silt, no gravel, saturated, 
dense. 

S21 40-42' 1.8 0 Same as above. 10, 12, 15,21 SM 

S22 44-46' NA 0 Fine to medium sand, tr~ce sllt and NA ->M 

gravel, saturated dense. 

S23 50-52' 1.2 0 Light brown (10yr 6/2) gravel with 33,-",35,24 ~t' 

emf sand, some silt, saturated, well 
1 nradArl non.co 

B.0.8. -53.5 bgs. (auger refusal) 

ABB Environmental Services, Inc. 



SOIL BORING LOG - FORT DEVENS, MA. j PROJECT NO.: 8740.02 BORING NO.: BDM-96-05X 

STUDY AREA: AOC 638D 

CLIENT: COE DATE STARTED: 6/26/96 PROTECTION: D(Mod.) 

CONTRACTOR: NHB DATE COMPLETED: 6/26/96 PIO METER: OVM 5808 

METHOD: HSA 4.25" BORING DIAMETER: 6" TOTAL DEPTH: 33.0' 

GROUND ELEV.: REFERENCE PT. ELEV.: WATER TABLE BGS: ~24' 

LOGGED BY : R.M. CHECKED BY: JCR 

SAMPLE SOl.lROCK DESCRIPTION 

PENJREC. AND PHYSICAL CONDITIONS uses ONSITE 
(ftJft.) SOIL SCREENING 

NO. DEPTH PIDOFSPOON BLOWS/6 IN. CLASS. 

S1 0-2' 1.7 0 Top 0.3': (10yr 6/2) silt with some ~.';),I,( ML-

sand, roots, dry, loose. SM 

0.3 silty sand, brown to dark brown, 
angular. 

0.5 gravel, reddish brown fm sand, 
trace silt. 

S2 5-7' 1.2 0 Light brown (1 0yr 6/2) emf sand. 5,~.,,,.:o .:,yy 

little silt and aravel drv loose. 
S3 10-12' 1.8 0 (10yr 6/2 to 6/3) fine to med. sand, 4,4, l /, ll tiM 

trace silt and gravel, very poorly 
nrR1"1Ari rirv lnm::A 

S4 15-17' 1.7 0 Brown (1 0yr 6/4) emf sand, little silt 8,4,7,12 .:,yy MXBD0515XF 
and gravel, well graded, dry, loose. 

S5 17-19' 1.9 0 Same as above. 14,l';),i::0,20 ;;;,vv 

S6 19-21' 1.8 0 (1 0yr 6/2) emf sand, little gravel, dry, .:,yy MXBD0519XF 
loose. 

S7 21-23' 1.6 0 Same as above. ,a,,0, lo, l';) .:>n 

SB 23-25' 1.1 0 Same as above. 14, 14, 1~.,1 MXBD0523XF 

S9 25-27' 1.4 0 Cmf sand, with some to littl gravel, 1,, 14,,1,,a .:>n MXBD0526 
little silt, saturated dense. MATPH 

ITPl-lr. 

S10 27-29' 1.7 0 Same as above. ,1, ,a, 1,,,1 .:,yy MXBD0527XF 

S11 29-31' 0.3 0 (1 0yr 6/2) med to coarse sand, little 14,,,,, 0, 14 .:,vV 

subrounded gravel, trace silt, mod. 
riAni:IA 

8.O.B. - 33.0' bgs, not auger refusal. 
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,~ 1111 ,, .... 
ABB ENVIRONMENTAL SERVICES, INC. 

PROJECT: FORT DEVENS 
PROJECT No.: 7137-00 

BORING No.: 1666W-01X 

GEOLOGIST: R. P. GILLESPIE 

MONITORING WELL DIAGRAM 

CONTRACTOR: NH BORING 

DRILLER: TWOMBLY 

DRILLING METHOD : 6.25" HSA 

DATE INSTALLED: 1/5/94 

DIAMETER OF BOREHOLE • 10" 

I I 

SCHEDULE40 
PVC SCREEN 

4" DIA.. 
(SLOT SIZE 

0.0101 

l 

1 FLUSH MOUNTED I 
I I 
1 ROADBOX I DEPTH IN 

I - I FlaET BQS 
SURFACE SEAL: 
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SANDPACK: SILICA SAND 

iiiiliil 35 - - BOTTOMOFSCREEN 
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,~ 1111 ,, .... 
ABB ENVIRONMENTAL SERVICES, INC. 

PROJECT: FORT DEVENS 
PROJECT No.: 7137-00 

BORING No.: 1666W-02X 

GEOLOGIST: JIM KENNY 

MONITORING WELL DIAGRAM 

CONTRACTOR: NH BORING 

DRILLER: JOHN GARSIDE 

DRILLING ME:THOD: 6.25" li_S_A 

DATE INSTALLED: 12/20/94 

DIAMETER Of BOREHOLE • 10• 

I I 

SCHEDUL£40 
PVC SCREEN 

•• DIA. 
(SLOT SIZE 

0.0101 

I R.USH MOUNTI:D I 
I I 
1 ROADBOX I DEPTH IN 

I - I F£ET8GS 

SURFACE SEAL: 
CONCRETE 

BACKRLL: CEMENT/BENTONTE IIX 

........................... , ............. fOP OF SEAL 

BENTONTE 
SEAL 

- - ----11---TOP OF SAND 

...................... .. ... 25 ............ fQP OF SCREEN 

SANDPACK: SILICA SAND 

l lf02:·,. 
•••• •••••••n• ' '" ........ .................. 35 .... ........ BOTTOM OF BOREHOLE 

BOTTOM OF SCREEN 



Jlllll ABB_ Environmental Ji\ II Services, Inc. 
MONITORING WELL DIAGRAM 

PROJECT: FORT DEVENS 
PROJECT NO.: 8740-02 
STUDY AREA: AOC 63BD 
BORING NO.: BDM-96-01 X 
GEOLOGIST: J. ROWLAND 
DRILLER: NHB 
DRILLING METHOD: HSA 6.25" 
DATE INSTALLED 6/19/96 
DEVELOPMENT: SURGE & PUMP 
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j~IIII ABB.Environmental 
Iii\ Ill Services, Inc. 

MONITORING WELL DIAGRAM 

PROJECT: FORT DEVENS 
PROJECT NO.: 8740-02 
STUDY AREA: AOC 6380 
BORING NO.: BDM-96-02X 
GEOLOGIST: HKW 
DRILLER: NHB 
DRILLING METHOD: HSA 4.25" 
DATE INSTALLED 
DEVELOPMENT: 

6/25/96 
SURGE & PUMP 
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J~ 1••1ABB_Environmental ,,. II Services, Inc. 
MONITORING WELL DIAGRAM 

PROJECT: 
PROJECT NO.: 
STUDY AREA: 
BORING NO.: 
GEOLOGIST: 

FORT DEVENS 
8740-02 
AOC 638D 
BDM-96-03X 
J. ROWLAND 

DRILLER: NHB 
DRILLING METHOD: HSA 4.25" 

DATE INSTALLED 6/25/96 
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j~ n■ ABB_Environmental 
I'\ Ill Services, Inc. 

MONITORING WELL DIAGRAM 
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:cw 
O:i: 
"'< 

BOTTOM OF BOREHOLE · 53.5' 

c 
N 



j~111• ABB. Environmental ,, I Services, Inc. 
MONITORING WELL DIAGRAM 

PROJECT: FORT DEVENS 
PROJECT NO.: 8740-02 
STUDY AREA: AOC 63BD 
BORING NO.: BDM-96-05X 
GEOLOGIST: R. McCOY 
DRILLER: NHB 
DRILLING METHOD: HSA 4.25" 
DATE INSTALLED 6/27/96 
DEVELOPMENT: SURGE & PUMP 

a: 
w 
1-
w 
~ 
c( 

5 

I 4' STEEL SURFACE CASING, 

2.65' ABOVE GROUND SURFACE 

Feet BGS 

0 SURFACE SEAL: GRAVEL PAD 

1 

2 

3 

. 4 

1----D1AMETER OF BOREHOLE- 6" 
5 

jfil : BACKFILL: CEMENT/BENTONITE GROUT 

8 
N I:&~ ~ 

a: 
w 

~ ··~·:. 11 
~ I ~ 
:::, .... 

C 
w 
:i: 
0 
Cl) 

b 
~ 

Zo 
Ww 
WN a::­
OCI> 
(/)1:5 
o_. 
> Cl) a.._ 
Ob 
-.t ... 

~x 
:::, a: 
Cw 
w1-
:i:w 
0~ 
Cl) c( 

5 
C\I 

1: 
:I\} 

9 

10 

11 

12 

13 TOP OF BENTONITE SEAL- 13' 

14 TYPE: BENTONITE CHIPS 

15 

16 

17 

18 TOP OF SAND -18' 

19 TYPE: #0 SAND 

20 

21 

22 

23 TOP OF SCREEN • 22.5' 

24 

25 

. 26 

27 

28 

. 29 

• 30 

31 

32 BOTTOM OF SCREEN - 32.8' 

33 SEDIMENT SUMP WITH PLUG - 33' 

BOTTOM OF BOREHOLE - 33' 



All II ABB_ Environmental 
Ill Services, Inc. 

MONITORING WELL DIAGRAM 

PROJECT: FORT DEVENS 
PROJECT NO.: 8740-02 
STUDY AREA: AOC 638D 
BORING NO.: BDP-96-01 X 
!GEOLOGIST: J. ROWLAND 
DRILLER: NHB 
DRILLING METHOD: HSA 4.25" 
DATE INSTALLED 6/18/96 a: 

~ 
:ii 
c( 

i5 . .... 
a: 
w 
Cl) 

a: 
0 
> 
ll. 

~ 
w 
....I 
::) 
0 
w 
:I: 
0 
Cl) 

-b 
C! 

Zo 
Ww 
WN a::­oCI) 
Cl) 1-
o g 
>(/) o.._ 
~~ 
~x 
::) a: 
@~ 
:z:w 
O:::i: 
C/)c( 

i5 . .... 

,-~ 
~ :::~ 
!ill 

I -~, 
: 

4~ STEEL SURFACE CASING, 2-9' 

ABOVE GROUND SURFACE 

FeetBGS 

0 

. 1 

2 

3 

4 
DIAMETER OF BOREHOLE • 6' 

5 

6 
-
7 

- BACKFILL: CLEAN CUTTINGS 

8 

9 

10 

11 TOP OF BENTONITE SEAL- 11' 

12 TYPE: BENTONITE CHIPS 

• 13 

14 

- 15 

• 16 TOP OF SAND -16' 

17 TYPE: #2 JERSEY SILICA 

18 

19 

20 

21 TOP OF SCREEN - 20.5' 

22 

23 

24 

25 

26 

27 

• 28 

29 

30 BOTTOM OF SCREEN - 30.5' 

31 SEDIMENT SUMP WITH PLUG· 30.5' 

BOTTOM OF BOREHOLE· 31' 



j~1•11ABB_Environmental ,\. I Services, Inc. 
MONITORING WELL DIAGRAM 

4' STEEL SURFACE CASING, 2.11' 

PROJECT: FORT DEVENS ABOVE GROUND SURFACE 

PROJECT NO.: 8740-02 Feet BGS 

!STUDY AREA: AOC 6380 - 0 

BORING NO.: BDP-96-02X 1 

!GEOLOGIST: J. ROWLAND 2 

DRILLER: NHB 3 

DRILLING METHOD: HSA 4.25" 4 

DATE INSTALLED 6/18/96 
a: ~: DIAMETER OF BOREHOLE - 6" t w w. ,: 5 I- t~l w ~~] 
~ ..... 6 
c( BACKFILL: CLEAN CUTTINGS i5 7 . ... 

8 a: 
w i 9 en ii$ 
iI: 

,$1; 

:*• ~!:' 0 @ 
10 

> ,:~ 

a.. 0 ,• 
11 TOP OF BENTONITE SEAL- 11 ' 

~ 12 TYPE: BENTONITE CHIPS w _J 
::::> - 13 
0 
w 14 J: 
0 

15 en 

~!: 
16 TOP OF SAND-16' 

17 TYPE: #2 JERSEY SILICA 
[.~ 

18 

11 
19 

20 
b I 

~ 21 TOP OF SCREEN - 21 ' 0 z· 22 WO 
WW 
a:!::! 23 
oen 
en I- 24 
oO >_J - 25 a..~ 
~b 26 ... 
~x 27 
::::> a: 

28 Ow 
w1-
:z:w 29 
0~ 
enc( - 30 BOTTOM OF SCREEN - 31' 

i5 . 31 SEDIMENT SUMP WITH PLUG - 31 ' ... 
BOTTOM OF BOREHOLE - 31 .5' 



APPENDIX C 

APPENDIX C 

SSE AND RI FIELD DATA SHEETS 

ABB Environmental Services, Inc. 

W012961.080 8740-03 



Allll ENVIRONMENTAL SERVICES, INC. l/3/qt/ 

I PR0JECT:USATIIAMA·FT. DEVENS j loATE SAMPLED: . -~ 
SOIL llORlNG DATA SHEET 

.. 
jFILE NAME: csoj jsnE TYPE:,eonE I ff~ ~-0/~ SITE 10:f: ~---Ii I· I I t I JoB NuMeeR: o '7. ry7 • o o I 

f?,X /b,bOi '6 
FIELD SAMPLING NUMBER: I I J = I : ... I I SAMPLE DEPTII: ..Q_ _)_ S"' I !PROGRAM: C I El 

MlnllUI> 1%\CTION SAMl'I.I~ 
ANALYSIS NUMIIEll COIJE CONTAINEll l'RESElt VATION CULLECTEIJ IIOTTl,l:: NUMIIEllS 

~voe LH19 SV (2) 2 OZ AG 4 DEG C ~ I 
svoc LMI0 ss (1) 16 OZ AG I 
PEST/PCB Lll16 ss f:: I . 

Llll0 lo I r "'°''· See Below ss ~ I 
EXPLOSIVES LU12 ss 

~ . 
I 

TPIIC 410.1 ss I 
LEAD 0IILY JD17 ss "' I 
TOC ,,,s. 1 ss . = I 
TCLP 1311 ss (1) 16 OZ AG · .. 4 DEG c°. '": I 

l'Al, INUllGi\NICS: ICP METALS (JS16); AS (JD19); SE (JD15); Tl (JD24); SB (JD25); 
PB (JD17); HG (JB10). 

• ,• 

. . . 

flELU ANALYSIS VATA: 
SPLIT·SPOONI t./. '2- PPH I IIEAO_ SPACE I /41J.- PPM I T P ~ 3.0<./a> pp...,, .. 

NOTES: 

. 

. 
. • 

SOJL CLASSIFICATION: ,, , 

(sw) 
. ... 

. ,., ... 

. 

. SIGNA;~RE:00. ~ 
RECEIVED BY: 



Allll ENVIRONMENTAL SERVICES, INC. 
SOIL .ll01UNG DATA SHEET . I PR0JECT:USI\TIII\Hl\·FT. DEVENS ) ! DI\TE SI\HPLED: 

1/37qy: 
-~ 

1 
,r, 

6 67• lff 'FILE NI\ME: csoj 'SITE TYPE:,BORE I SITE 10:j I I 1- 12 lz ' I I I I j I JOB NUMBER: O '7,J'"!,. 7 _ o o 

J5 X lb 6b o r ~ d 
FI ELD SAMPLING NUMUER: I I I I , . ·[. I I !SAMPLE DEPTH: Q_ .2::. _Q 'PROGRAM: C I EJ 

1\1l~TI IOI> 1%\CTION Si\Ml'l.g 
ANALYSIS NUMIIElt CUIJE CON'l'AINE!l l'llES~llVATION C.:OLLEt:TIW IIO'l"fl.(!; NUMIIEll.'i 

. 

~voe LH19 SV (2) 2 OZ AG 4 DEG C I 
svoc LHl6 ss (1) 16 OZ AG I 
PEST/PCB lll16 ss I 

Lll10 I 

tAL IIIORG. See Below ss I 
XPL0SIVES um ss I 
PIIC 410.1 ss I 
EAD ONLY JD17 ss I 
oc t, 15. 1 ss I 

TCLP 1311 ss C 1) 16 OZ AG · . . 4 DEG c-". I 

l'AJ, JNUllGANICS: ICP METALS (JS16): AS (JD19); SE (JD15); TL (J024); SB (JDZ5); 
PB (JD17); HG (JB10), 

FJELD ANALYSIS DATA: SPLIT-SPOONI ,,~ PPM I 
IIEAU SPI\CEI /-;)../ · PPM I TP~ 3.,St:>O Pf'.., 

NOTES: 

bll ...... st-tow olJ R11'fs€ w-ATE:rt. 

SOJL CLASSIFlCAl'lON: 
.. . .. 

(sw) 

. , ..... 

. ..... ;~ ... oo ~ 
RECEIVED BY: ______________ _ 



I . ' 
WELL DEVELOPMENT RECORD 

Project: Well Installation Date: Project No. 

f'<~(...,._..,,. ~: '.' ,_,_,,h,:;:... 08740 
Client: 

t),f4at... 
Well Development Date : Deve~ d by: C_he~ked by: 7 / bj ,~-✓- .<. /.: ..... 11-.:✓•- -( .· / s--- '-

Well/Site I.D.: Weather: Start Date: Finish Date: 

IS o M- •-"'16 --c:;, f . .v Po...:~d-4. 7/4-/~,:- i .q a ,b. 
Well Construction Record Data: / 

Wei~ Diameter , ~ in.I 
Start Time : Finish Time : 

Bottom of Screen _ 1t;X ,( ft. 11 rL-- Jt/,1._l) 
]-From Ground Surface ~ From top of Riser D 

Sediment Sump/ Plug 3d -'i~ tt. 

Screen Length ;O ft. Fluids Lost During Drilling I c; o gal.j 

Protective Casing Stick-up I J ,. 73. tt. j Protective Casing/Well Ditt. l o◄ J_,Sft.1 PIO Readings: Ambient Air 0..cJ ppm 

Well Mouth O,o ppm 

Water Levels: Sediment: 
Initial J1A tt. s,-1,5--tt. Well Depth Before Development (from top 

End of Development 17-. fftt. '3!.\/5 ft. 
of PVC) 

Well Depth After Development 

24 Hrs. After Development -Z..1,l~tt. 
Sediment Depth Removed 0 It. 

X 0'fsa· HT of Water Column I 7. >1 ft. I ,~:4 = I gal/vol. / 7_ -~t j "For 4 • HSA installed 

□- wells 

Equipment: 

dedicated Submersible Pump App,o,lmate Roclwge """I ••m I 
0 Surge Block 3{s" gm. Total Gallons Removed 

D Bailer □ 2· 0 
D Grundfos Pump 2·_ 4 • __ yes no 

Well Development Criteria Met: • Well water clear to unaided eye 0' D 

Notes: • Sediment thickness remaing in well ar D 
is <1 .0% of screen length 

• Total water removed = a minimum ml □ 
of Sx calculated well volume plus 
Sx drilling fluid lost 

yes no 

End of Well Development Sample (1 pint) Collected? ii;J □ 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Rate 

I J 1.l 'J+..:~ l 7 - I 7 I.>.> I J ~ ~S-.3 -
l ~ >...1, d-.. IS- G,,sc.,, I ~ . d l I ~ ,D f , S..-

l 3 LtJ.. 3 3,C> 6- ti r~.s 10'( I (.').-

[--3/ 07 -1 -4:;-- t{. c:;,o (.J. .> .,, J. 0 (·<,,,,,.--

t-1 J.' 5 ~o ~ . 0 6:. I)._ . 7 // J s- ,·-~ 

( ~ .f S'"' 6 75- (;°.<.) 3 tJ. , 'o /t~ co 1~.5-
/2. 2 lb z.. q IA'\ t€Zo 3fis- 6, fl 11.3 

Well Developer's Signature..,/t/4i/:{1LYb:~~ 

ABB Environmental Services, Inc.-
9312005S L6 



Projech_ 

t-r. n.w(:.....,, 

WELL D'EVELOPMENT RECORD 

Well Installation 9,rJ~: 
6/di 1 G / ~---:;IJ_,[ 

Project No. 

c::. e 74'0 

Client: tJ.5Ac£ Well Development Date: 

1/ q Jo/ r-
Dev~lop_ed by: I Check~d by: 

6- t+-- -1 ·:1 --

Well/Site I.D.: B 'J) Lf'I\. .,. tf fo - 0 2-X.. I Weather: I Start Date: I Finish Date : 
111\A~- Pc..n"t Clow.J.., 1/i/'(S- 7/?l"rr 

Well Construbtion Record Data: ~ W 11 '0
. t l "' . I Start Time: Finish Time: ,,,c; . ...,. _ _.,,,.-,.., , e 1ameer ""'- 1n. 

Bottom of Scree@ . ~~- ft. ~ -::, ;, .., nt:X . 0 i ls OS?=> 
~ }-From_ Ground SurlaC\.._~ ) From top of Riser -9" 

Sediment Sump/ ~.;-r ft,~ ) 3 

Screen Length t) ft . Fluids Lost During Drilling I / o gal. I 

Protective Casing Stick-up j ~ .) > ft.1 Protective Casing/Well Ditt, I .. "3J. ft. I PIO Readings: I Ambient Air O.w ppm 

Well Mouth s--: €, ppm 

Water Levels: 

Initial I ;t, . (} ft . 

End of Development J (;..Cpt. 

24 Hrs. After Development I 2 C. • '- 1ft. 

HT of Water Column + 8. 06 11. 1 

Equipment: 

x O 1.sa· 
o ~~ 

81:>edicated Submersible Pump 

D Surge Block 
0 Bailer O 2• O __ _ 
D Grundfos Pump 2·_ 4" __ 

Well Development Criteria Met: 

f:4 .. 

Sediment: 

Well Depth Before Development I SL; . b~ ft . 

Well Depth After Development I 11/. f ~ ft. 
Sediment Depth Removed L_L(_5 ft. 

[ffgalJvol.Q" ] "For 4 • HSA installed 
wells 

Approximate Recharge Rate 

Total Gallons Removed 
.. ,, .... 
tSV 

gpm 

gal. 

• Well water clear to unaided eye 

Notes: _ _ ___________ _____________ _ • Sediment thickness remaing in well 
is <1 .0% of screen length 

~o 
End of Well Development Sample ( 1 pint) Collected? D 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. 

I 7 , )8 /3 -7 
_ .a..-,_ ~ C, s-4 i f. CS 

~;--'t -

• Total water removed = a minimum 
of Sx calculated well volume plus 
Sx drilling fluid lost 

Conductivity 

;..re 
I ~-4 

Turbidity 

Cf f9 
.5~ 

--- I C s-: 8 (;. I I . -', { (.. 0 Ii () 
. - . - - -~ - ' .., ~ - ~..;I., I f. 5 I E. ( ~ J 

i 
).._ 

. - -- - - --- - ~ £'. ?>- /I ;If lb~ _1_:.J.. _ _ > I • 

? ; T.; ~ 5- ;i ,- c. '7(;. Ir' / I G ~ €:5 
~ r ~ f - l ~ ee ....... --' /o tJ.. -SO f..CJ-<J-./ /0 J a - ~ \'~...,l R~ 

(from top 
of PVC) 

yes no 

g-1 □ 

[3"" □ 

/o 

Pumping Rate 

l_:;,JA,..", 
7 

I 

0 7> ~ .J ~ ~ ,e,-Jd tod,0 ,- s:-, e-c..-oJ..f. { 0 ~ ~ ,, ?~al P-e.....J 
toCJO fv R~--- to~ - wos-l.l~ - r;r/_, ~ 7 £:- "- "'<I 
I ~ os- .-ft;- i,( _II ~ A -r--t> :.:. ti_ ~ p lf-- ~ • 

Well Developer's Signature ....6tr-"4 ~ ,os.-o · e~ c-~ ~ l ,·,; I 7., f ~ :,_ l.., 
L--- ----------- ---------- --ABB Environmental Services, Inc.-
9312005S L6 



WELL DEVELOPMENT RECORD 
Project: 

])ev~ .. --v---, 
Well Installation Date : 

b,L5°tb Project No. 

~l Lf £1 • fl '2--
Client: 

}A'} Ac.<... Well Development Date : 1J O q b Developed by: ~ ec~ed by: 

Gli/f.;~ ,.·u ... ... 
• l 

Well/Site I.D.: .B D M -q b- O] X Weath~r: }--) l/vV\11./t{, 
5-tl>f'M 'S /\ t'fJ,. f 1A 

Starj Da : Finish Dai: 
111, q6 71tf 

Well Construction Record Data: Well Diameter r l J._ in.l 
Start Time: Finish Time: 

Bottom of Screen ·~1. ... 't, ft. 
/l: 3 ) /;J.. ~IS 

}-From Ground Surface D From top of Riser O 
Sediment Sump/Plug "31,. ,1..tt. 

"' 
Screen Length 11) ft. Fluids Lost During Drilling I If) ga1. I 

Protective Casing Stick-up I l.'f ft. , Protective Casing/Well Diff. , - . 2 c. ti. I PIO Readings: Ambient Air b .. D ppm 

Well Mouth 7,0ppm 

Wate, ''""'" m i, (, b Sediment: 
Initial ~ . 2 · 

Well Depth Before Development 3lf-1l(tt, (from top 

End of Deve:opment 1:,i)S' ft. 
Well Depth After Development 3 i../, 'l S1t. 

of PVC) 

24 Hrs. After Development '{,, . =lo ft. 
Sediment Depth Removed , D I ft. 

HT of Water Column I ~\1-~tt-l X O 1.ss·_ = I galJvol. f..(, S" I •For 4 • HSA installed ii(. .. 55 wells 

Equipment: 

'2°"Dedicated Submersible Pump 
Aol"••mato Rooha,go Ratel ·:.1 0 Surge Block 73 Total Gallons Removed 

D Bailer D 2· 0 
D Grundfos Pump 2·_ 4• __ ~; Well Development Criteria Met: • Well water clear to unaided eye 

Notes: • Sediment thickness remaing in well ~□ 
is <1 .0% of screen length 

• Total water removed= a minimum vY" D 
of Sx calculated well volume plus 
Sx drilling fluid lost 

~no 
End of Well Development Sample (1 pint) Collected? D 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Ra~ 

i l ~ l ( L t ,ot /?,2 / 2 3 1_17 ~:it: l)'-iD J_() 2l 5,) ~ 11,.'j !Y5 .b 
nro 2.0 ~ I s2a~1 L l~3 L L/6 0 Zq.LIV\. 
l~OI) zo I.. 1 s., l )1,} L ~J. d 

i. ~ """' 
1:iw lk 73 f:,60 IL ( J Lib 2.. 7. .1 '""" 

l 

Well Developer's Signature ~~)'JMA) 
ABB Environmental Services, Inc.-

9312005S LS 

Pl D 
(} 

~ 



"' 
I. I 

WELL DEVELOPMENT.RECORD 

Project: 
J)ev~S 

Well Installation Date: b Zb 1 b 
Project No. 

11l/b ·OZ. 
Clien~ { A -,;· L Well Development Date: 

1 Cf q b 
Developed by: 

/2._ ( 
Checked by: 

1 .:,1 --~ 
Well/Site I.D.: B p J/1.1 -ql:, ~~ Y,jJ Weather: ~ ! ~ IA-M q: , Start D~;r Finish Date: 

(l_,A,'M M\1,, \L.5 i ':;) 7Jq Ill l 'i fib 
Well Construction Record Data: 

Well Diameter I 7- in., 
Start Time: Finish Time : 

Bottom of Screen 53, 3 ft. I ~-.'6c; 1?~/j6 
]-From Ground Surface O From top of Riser ~ 

Sediment Sump/Plug $'3, 5 ft . 

Screen Length JD ft. Fluids Lost During Drilling I :J. 0 gal. I 
Protective Casing Stick-up I 2 , z. 1 11.1 Protective Casing/Well Dift. l -, / 1 11.1 PID Readings : Ambient Air t) ppm 

Well Mouth s ppm 

Water Levels: f::"'4'l"\ t-t>f1.. Sediment: Fr~ I () R. 
Initial ~6-76 ft. Well Depth Before Development 5S,/Jft, (from top 

End of Development At:,, ~f::,tt. 
S'S",/ 'i/ tt: 

of PVC) 
Well Depth After Development 

24 Hrs. After Development zc;,. 9L tt. ,OS ft. Sediment Depth Removed 

HT of Water Column !o?t-37 ft. I x D 1.sa· = I galJvol. IS', 1 I "For 4• HSA installed 
r!l'~ wells 

Equipment: 

llt'riedicated Submersible Pump·•· 
Approximate Recharge Rate gpm 

D Surge Block Total Gallons Removed 11<£{ gal. 

0 Bailer □ 2· 0 
D Grundfos Pump 2·_ 4" __ yes no 

Well Development Criteria Met: • Well water clear to unaided eye ~□ 

Notes: LS-,7 ~ t>- =- 7~ • Sediment thickness remaing in well 1:1' □ 2.o )c t,- ~ ~ {l1) ;«1.0% of ,., .. n ~ngth 

~□ f ~ • Total wate, ,emoved • a m;n;mum l . of 5x calculated well volume plus 
7)y),<A,vtl!p( id/4 ~le q... =,= w/f>~l>,,1 IVof/ ts 5x drilling fluid lost 

~ - no ~ z.. ert) 
End of Well Development Sample (1 pint) Collected? ~ D 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pur,:iping Rats 

f:,J. tJl) L L {!1()5' l 3, ':I. 3,:; ~ /2111/\. 
I '5 112 ~~ L'2 ~\ 0~ t.J, l 1../l<f 1 ,Yz. ~ II-" 

l'$:°3. s s6 7.xf 7 f 3.~ '"t, 4 ll lbY ~ 
I btJtJ ttV 1" <· ID c.1:· 'i 41 '{ 3 5 ( fh 
• L1il 1.0-t j n-l '-f/7 +. I 'I£ ?,,.,., lb "i.cJ '-I j_--, 

16 S"O 37 / 7 1/ 7,oz. 1-z..3 4?..D ~ P:tl>=:() 

w~J~v ~~i.r ihe>vv~ ~ 
~c,...(~, 

Well Developer's Signature ~}f; ~A±> 
ABB Environmental Services, lnc.--1 

9312005S L6 

piD 
0 



',. 
WELL DEVELOPMENT RECORD 

Project: ,, " " "' Well Installation Date: 
/ f ,:! J-

Project No. 
,U 'l V: /\.-\. , I') -~ · --1 ,• f\ /)7 

j;- f \ ,/ .... .t ·-:- ,.-' ... '-' -

Client: 
jl, ~ Ac. E 

Well Development Date: Developed by: g,ecked by: 

7 :OiG (! £ I I ; \...._ ,_ 
l ,.· , 

Well/Site I.D.: g . -., . _ Weather:{!_ (f_(J.V :; ),'v)l'i 1'· 'f Start Oat~: Finish Date : 

-:b ~' ~ "t( -1- ~ x t {) 1 A r-.e.f ,r ·,,1 · 7 / /L().{ 1 ID q_f, 
Well Construction Record Data: 

Well Diamete~ I Jin.] 
Start Time: Finish Time: 

Bottom of Screen 3~/t1 ft, 
}-From Ground Surface ✓ 

() Y, l() / 0 { '5 
From top of Riser D 

Sediment Sump/Plug 3:?, D ft. 
Screen Length ID , ft. Fluids Lost During Drilling I IO ga1. I 

Protective Casing Stick-up J ;). , <,; ,s- ft, J Protective Casing/Well Diff. J ... ; ~ f tt. J PIO Readings: Ambient Air () ppm 

Well Mouth () ppm 

Water Levels: Sediment: 
Initial J 1- cl/ 11• Well Depth Before Development 5;;, ! Cft. (from top 

End of Development I,.) 7, D 5 ft. ]5 . ID tt. 
of PVC) 

Well Depth After Development 

24 Hrs. After Development "t.1--"~ ft. 
Sediment Depth Removed ./' ft. 

HT of Water Column I ~-Obtt. J XO 1.68~ ; I gallvol.Lj, 'f I "For 4" HSA installed 
(2'~ wells 

Equipment: 

a:r6edicated Submersible Pump 
App,oOmale Rooha,ge Ratel 

gpm I 
D Surge Block 7 it••"· 75 ~J Total Gallons Removed 

0 Bailer 02· D 
D Grundfos Pump 2·_ 4• __ yes no 

Well Development Criteria Met: • Well water clear to unaided eye [9" D 

Notes· • Sediment thickness remaing in well B" □ 
is <1 .0% of screen length 

• Total water removed= a minimum llt'o 
of Sx calculated well volume plus 
Sx drilling fluid lost 

. ~no 
End of Well Development Sample (1 pint) Collected? D 

Water Parameter Measurments 

Record at the start, twice during and at the end of development (minimum): I 

Time Volume Total Gallons pH Temp. Conductivity Turbidity Pumping Rate 

0?2~ I I /2,)'J. /3,0 l~l q1~ \ i,{,~f•'" 
l 1 (6 !2. '?-S-~) q ID £, 1<;1 11. I I 3 b ~) 

~c'?i> I '5 ...,5 S:::· ~o l Di b j 3'6 ! l I t· Py ... , 

l fYlfj- I..!> '.3 "-- S: · '-6'D l D, 5 l 4.1 l ,v 
CJj ::i-() Z/J £'€" S, ~4 /Q,5 l:(;J.. ---3 i.. ( (> e,,.,._ 

I 

lO 15' 

Well Developer's Signature &.~anQ 
ABB Environmental Services, Inc.-

9312005S L6 

ptv 
0 



..... ,c,1 . .,_ ...... I 
SITE ID_ B -H-H-H±E-

( ~ G. G w · 4,,)r , 
-..CATICII 

ACTIVITY I START ;d--00 Ell> I 

FIELD SANPLE ..-ER 

SITE TYPE 

JOI ..-El 

WELL 

J f7YG> -0 2- FILE TYPE CGW 

WEATHU I s '--' --l•'t.c: I 
WATEI LEVEL/ WELL DATA rTC. OF WELL PIOTECTIVE PIOTECTIVE F 

Tm' OF CASING CASING STICIC·ll' I Q.c) Flv,, nl WELL DEPTH 3.4,? FT ~NEASUtED ( FRON GICUID) 
CASING/WELL DIFF.c;,S7 nl 

ISTO .. CAL 
WATEI DEPTH a.!-1.0 FT 

~LL llffaITT, r ~ •; WELL ~2 INCH {) GAL/WI. I PIOT. CASING SEOJIE DIAMETER 4 INCH 
HEIGHT OF CCIICIETE COLI.Al INTACT _INCH 
WATEI COL\MI / o.) FT,~ ~ 'V-1 .. II~ r,TAL GAL PUIGED I WELL LOCXED · 

PVC WELL CAP 
81.68 pl/ft (4•> "----""" 

_ pl/ft PIO READINGS: IANIIENT AIR 0 ""'I I WELL NllJTH 0 ""'I .. . . -
PWGE DATA YOU.IE I I L ~ 4 .J \ I \ 1h:!.L:t-" 

G 
GALL!JIS n :I4 ~ Ge &r \ \ \ 1 O~ IMP.LE 01SEIVATIONS 

Pl.WING RATE (GPN) J I I { I \ \ \ I i~ CLCU,Y 
TEMP, DEG C ILJ I 1., t ~ .} \J. I ll.1 \ \ \ fl,C COLORED 

TURBID 
pH, UNITS Op1 PAPER S.'7~ _;-:74 5.7~ 5',~ lr·13 \ \ \ ~8{ 

=R (SEE NOTES) 
SPECIFIC CCNDUCTIVITY, ~/ca ,oaJ ;100 ... / /l .,cx. ,j /i..f \ \ \ ,. iY(r; 

TURIIDITY, ntu () 0 0 (? C \ \ \ 0 
REDOX ca C0NPLETICII OF PURGING): 3iJ. 2 +/- - ~).4 1/t.c/,c. 

Jl.,.IIT nortmFIIT.lTl!'.111 

. ~' GlllG JLIIIG EQUIPNENT ID PERISTALTIC PIW Isa> 1 __ _ 
OED I CA TED Sl&EH I Ill., Pt.II£. 
BAILER ~2• U4• I 
PVC/SILICON TUIING -

□ IN·LIIIE/DISPOSAIILE FILTER __ _ OTHER __________ _ 
~

CCII FLUIDS USED f ER LEVEL EQUIP. USED 
POTAILE WATER ELECTRIC cam. PROIE 
LICIJINOX PIESSURE TIWISDUCEI 
STEM CLEANING 

~Z?~fV -e~~rwt 
lll.NBER OF FILTER USED -1_ 

ANALYTICAL PARNETERS NETNCI> FUCTICII PIESERVATICII VOLlllE SAMPLE SAMPLE IOTTLE ID lllNERS BOTTLE 
IANER CaJE METHOD RECIJIRED COLLECTED 

§ =✓PCBs 
UN20 VP HCL, 4 DEG C (4) 60 NL § lll18 NS 4 DEG C CZ> 1 L AG 
UH02 EC 4 DEG C (3) 1 L AG 
UH13 

§ § PAL IIIOIIGANICS (SN notes) • HNQ3 TO pH<Z 1 L P·a.E 
LEAD ONLY SDZO N HNQ3 TO pH<Z 
EXPLOSIVES IN19 LC 4 DEG C (3) 1 LAG 

lAB2 § TPNC 418. 1 0 HZS04 TO pH<Z 1 LAG 
TOC 415.1 o HZS04 TO pH<2 1 LAG 
ANICIIS TF22 s HZS04 TO pH<2 1 L P·aaE 

TT10 C 4 DEG C 1 L P·a.E 
310.1 N Hll03 TO pH<Z 1 L P·a.E 8 TSS CIILY 160.2 C 4 DEG C 1 L P·a.E 

H20 QUALITY (SN notes) s HZS04 TO pH<2 1 L P·a.eE 
C 4 DEG C 1 L P•a.E 

• HNQ3 TO pH<2 1 L P·aaE 
0 COLIFOIIM 303. 909 4 DEG C (1) 4 0Z 

"'TEIILE I ··5

···- I 
NOTES (1) PURGING COMPLETE WHEN 5 WELL VOLUMES HAVE IEEN PIJlGED AND WHEN WATER PARAMETERS YMY IY LESS THAii APPROXIMATELY 10%./ 

(2) PAL INOIIGANICS: ICP METALS (SS10): AS (SDZZ): SE (SDZ1>: TL CSD09>: SI (SDZ8): Pl CSDZO>; HG (SI01). 
HZD QUALITY: P04 (TFZ7); TD (TFZ6); NIT (TF2Z); CL/$04 (TT10); TSS (160.Z); ALK (301.D); HAIDNESS. I ALL •-TE~ ~~Jk.TOTALS, "' --•FILTE■ED 

SNIPLED BY: ( Ale:~ ;_z, • . 
~ECEIVED BY: __________ GROUNDWATER SAMPLE DATA RECORD J 

PROJECT OPERATIONS PLAN 
fvo (-e :- e.\~+r,-....J ¼-e --. +-v':,--::, ulo..<. .--... 13..,.,.->-'>t FORT DEVENS, MASSACHUSETTS 

ABB Environmental Services, lncf, 

' i 



cl.) 

PROJECT' · FT.DEVENS FIELD SAMPLE NlNEI I PA! -ti I I c,· lc l"' l.k'I I I sTI.D, ou.1MX (? ~r\ ---
I I I I I I I 7- /4 J" d .. r'.~· 'ff SITE ID r I -\ IC. 1 • I I SITE TYPE 11:LL S.-..LING DATE 
l I I • rx. / / /J.... // b-0 

·1 G 6 6 "" -~{_X" , 

O<lllfu -ol .. JOI NlNEI FILE TYPE CGII 
.:ATION 

.. ,nvlTY !sTAIT ; 6 ,~- Ell) /(~O I 11:ATHEI s~~ )r-'-' 
-· 

WATEI LEVEL/ 11:LL DATA . ~v TOP OF 11:LL PIOTECTIVE PIOTECTIVE 
-~ ~ • TOP OF CASING CASING STICX·W' I ;) . 3, nl CASING/11:LL DIFF.1 c?.-44' nl ~DEPTH ~ l J,}. FT NIEASI •ED ., C F!Qt GIOlNJ) 

~ ' STOit i CAL 
~ DEPTH >;, 7DFT 

-L 1•TEam, f ~ •~ 11:LL _,. INCH 
1 c, er GAL/VOL I PltOT. CASING seaae DIMETEI INCH 

HEIGHT OF ~ COIICIETE aJLUI INTAC _INCH 
WATER COLINI Io, /~FT, t dJ- TOTAL GAL PURGED I ~~L~~ · 

~68 pl/ft (4•) 
_ pl/ft PIO READINGS: INIIIENT All 0JO ""' 111:LL NOUTH eil · > :, ... 1 .. . 

PURGE DATA VOllME I I ~ :s '-l f II J C 7 /.tcJ/'(c 

GALLONS I? )Li SI CJ~ 9C \ \ \ /ul SNIILE OISEIVATIONS 

P\WING UTE (GPN) -;.. f I I I I \ \ \ [ JI.~ ll.J 11-b IL/ \ \ \ 
Oll>Y 

TENP, DEG C ll,r I I ' s COI.C.ED 

□pH PAPER l£°~·11 s:8~ \ 1 \ 
11D 

pit, UNITS s,g'-/ s-.gJ S-81 5:'f 3, (J)(ll · - Pc:*-"'~ 
p,5 

.()~() .(J7L ,o,~ ,d/1 \ \ \ 
ER CSE£ IIOTES) 

SPECIFIC CONDUCTIVITY, ~/CII _.D8J oer S'4.cc--. 

TlllBIDITY, ntu L/ () 0 0 0 ' \ .;l. 

REDOX ca aJl'LETION OF PURGING): ";J&J. l ♦/• - 1f>0 I re. J.8 r - cg I ) 

JIPNEIIT DOCl.NENTATICJI f G f" EGIIMM ID 
~Olll FWIDS USS, ~TEI LhEL EGIIP. USED 

PERISTALTIC P\W ISCO I POTAILE WATER ELECTRIC C011D. P108E 
DEDICATED Sl.8EIS1BLfi ~ LJCIJIN0X PIESSUIE TIWISDUCl:1 
IAILEI 2• 4• I STEAM CLEM NG 
PVC/SILICCII TUIIIIG - l\)r,1 - ~,cl,1m,k.J 

J IN·LIIIEll)ISPOSAILE FILTER < El (..vr p ,_,,,- c D OTHER lll.ll8E OF' FILTERS USED 

ANALYTICAL PARAMETERS METHOD FIACTICJI PIESEIVATION VOllME SANILE SAN'LE BOTTLE ID llMERS BOTTLE 
MUNIER CCDE METHOD REQUIRED COLLECTED 

§ =✓PCla 
Llf20 VP NCL, 4 DEG C (4) 60 NL § lM18 NS 4 DEG C (2) 1 LAG I I I 

UII02 EC 4 DEG C (3) 1 L AG I J I 

UN13 I I J § PAL INOIIGANICS <•" not .. ) N Hll03 TO pH<2 1 L P·a.E 

~ 
. I I I 

LEAD ONLY SDZO • HN03 TO pH<2 I I I 
EXPLOSIVES UW19 LC 4 DEG C (3) 1 L AG - I I I 

UW32 - -, I I §· TPNC 418. 1 0 H2S04 TO pH<Z 1 LAG • I I I 
TOC 415.1 0 H2S04 TO pH<2 1 LAG .. -, I I 

AIIIONS TF22 s N2S04 TO pH<Z 1 L P·a.E .. I I I 

TT10 C 4 DEG C 1 L P·a.E • I I I 
310.1 • HN03 TO pH<Z 1 L P·a.E I, I I I 8 TSS ONLY 160.2 C 4 DEG C 1 L P·a.E I, I I I 

H20 QUALITY (a" notes) s N2S04 TO pH<2 1 L P·a.E .. -, I I 
C 4 DEG C 1 L P·a.E .. I I 

II NN03 TO pH<2 1 L P·a.E • I I I 

D COLIFOIN 303. 909 4 DEG C (1) 4 OZ .. ·, I I 

STEIILE I I I 

IIOTES (1) PUIGING a:MPLETE WHEN 5 11:LL VOllMES NAVE BEEN PUIGED All> WHEN WATER PAIANETERS VAIY BY LESS THAii APPROXIMATELY 10%. 
(2) PAL INCRGANICS: ICP IIETAI.S (SS10); AS (SD22); SE (SD21); TL (SD09); S8 (SD28); Pl (SDZO); HG (5801). 

HZO CIJAL ITY: P04 (TF2n; TD (TF26); NIT (TF22); CL/$04 (TT10); TSS (160.2); ALK (301.D); IIAIDNESS. 
IION·FILTEIED . ALL PARNIET~LE~~LS, IE: . . 

r~LED BY: ___...l,/ ~ GROUNDWATER SAMPLE DATA RECORD RECEIVED BY: 
PROJECT OPERATIONS PLAN • 

FORT DEVENS, MASSACHUSETTS 
ABB Environmental Services, Inc. 

~ 



PID.IECTI . "· ...... I 
s'TEID ~ lol,,l· l,lcl· lo I; j,.-

1/;.,t /u, -f...- /5,.J. . -
·-CA Tl 011 ~ ' 

ACTIVITY lsTART l4°~ OD i4qo I 

FIELD SMPLE ...ea r' n I v1w 1(1!1~ I I J 

SITE TYPE 

JCB -.-ER I 0& 74!.p )._ 

O_v 

STil>Y Al.EA/ADC I R_ D h 
WFLIIIIG DATE 121 sw / 1C 

FILE TYPE CGW 

IBTNU I °-j, ('.(cj'-'~ 
---,, 

WATEI LEVEL/ ..W:LL DATA 

..W:LL DEPTH I 7 l( J..i FT 
r, 0P OF ..W:LL 

~ .SUIEIJ 0P Of CASING 

lj~TCRICAL -

PIOTECTIVE 
CASING STIOM• 

( FICII GICUID) 

PIOTECTIVE 4 I }.~7 nl CASING/"'=LL DIFF.j-o. ~ nl 
WATER DEPTH I a,_, ,,o( FT 

GAL/YOl PIOT. CASING SEllJIE 11:LL IITEGltlTY: r ~ l ..W:LL tllCH 
DIANETEI INCH 

HEIGHT OF 

"''" aJLINI 1.iY>~:,:=,om .. , ,...,.1 
~68 gal/ft (4•) 0 6 -lj.:::_ pl/ft ID 

C011ClETE COLLM INTACT 
11:LL LOCICED 
PVC ..W:LL CAP 

IMe1E1r A11 o u · ""I l"'=LL NOJTI() -6 ""I 
PUIGE DATA 

TEMP, DEG C 

VOLi.iE I 

GALL011S 

P\ll'IIG UTE (GPN) 

J., .s ~ 

s~.\ 

°" ,a. .\j\a.3 

7/).:./4 G. 

\ ,,.~ 
1 )._ 

Lil. 

~- ~ITS □~ ·~· I ~- - ~ V ~ - , • -,- - , t I I I SPECIFIC CONDUCTIVJTT I UIIIU)a/CII., l) _ .. a-, , ; ~ _ --. . . r 4 
TUIIIDJTT, ntu O O I O 

~111 S.'lP s=,J 
l_L,it }43 ~ -i4,,-, 

b G s-o 
REDOlC ca COMPLETION OF PUIGIIG): J..7<:f .c. ♦/- • 

JIPMENT DOCUNEIIITATl011 

f
' GING lllllG EGUIPNENT ID 

PERISTALTIC Pt.II' ISCO •---
DED I CA TED SUIINERSI Bl.£. etJe., 
IAILEI l::rz• U4• I 
PVC/SILIC011 TUBING -

D 
IN·LINEl1>1SPOSAILE FILTER __ _ OTHER __________ _ 

9;. ,-f.. 0 (7 

~

C011 FLUIDS USED 
POTAILE WATER 
LICIUIJIOX 
STEAM CLEANING 

11.NER Of FILTERS USED 

f! 
LEVEL EQUIP. USED 

ECTIJC CXIII. PICllE 
ESSUIE TIAIISDUC:l:I 

_INCH 

CLEAi 
CLCU,Y 
C0LOIED 
TUIIJD -----
ODOI 
OTHEI (SEE NOTES) 

ANALYTICAL PAJtAMETERS NETIIOD FRACTl011 PIESERVATl011 VOLi.iE SANPLE SNa'LE IOTTLE ID ....e1s IOTTLE 

•-H CDDE NETIICD REQUIRED COLLECTED 

§ =/Pela 
11120 VP NCL, 4 DEG C (4) 60 NL § IM18 NS 4 DEG C (2) 1 LAG 
UNOZ EC 4 DEG C (3) 1 L AG 
UN13 

§ § PAL IIIORGANICS (SN notas) Ill IIIIQ3 TO pll<Z 1 L P·CUIE 
LEAD 011LY SD20 II IIIIQ3 TO pH<2 
EXPLOSIVES 11119 LC 4 DEG C (3) 1 LAG 

11132 § TPHC 418.1 0 NZS04 TO pHc2 1 LAG 
TOC 415.1 0 HZS04 TO pHc2 1 LAG 
Allll011S TF2Z s HZS04 TO pHc2 1 L P·CUIE 

TT10 C 4 DEG C 1 L P·CUIE 
310.1 N 11103 TO pH<2 1 L P•aaE 8 TSS 011LY 160.2 C 4 DEG C 1 L P·CUIE 

H20 QUALITY (see notes) s NZS04 TO pll<Z 1 L P·CUIE 
C 4 DEG C 1 L P·CUIE 
It IINQ3 TO pH<2 1 L P•aaE 

□ C0LIFOIM 30], 909 4 DEG C (1) 4 OZ 
STDILE 

NOTES ( 1) PURGING COMPLETE WIIEII 5 ~LL V'Oli.ES KAVE IEEII NtliED All> WIIEJI WATER PARAMETERS VAIY IY LISS TIIAlt APPROXIMATELY 10X. 
(2) PAL IIIORGANICS: ICP NETALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl CSDZO); lfG (SI01). 

M20 QUALITT: P04 (TF27); TO (TF26); NIT (TF22); CL/504 (TT10); TSS (160.Z); ALIC (301.0); IIAIDNESS. I ALL ;tt;J;,"'' all.LECTED .. TOTALS, .., -·FILTEHD 
SANPLED IT: ,- -
RECEIVED IT: MA GROUNDWATER SAMPLE DATA REC01 . .,; 

PROJECT OPERATIONS PLAN 
(J <.J p co ( ( ~ c.:~ FORT DEVENS, MASSACHUSETTS 

ABB Environmental Services, Inc. 



PIOJECTI 

SITE ID 

. ,,. ...... I 
IJ:ilD j,-.j- h j, I· 1°1 '-It 

Fl ELD SANPLE ILNEI If-\ ~ ~ \ 

i:ATION ... -----------. 
ACTIVITY jsTART Ell> (>., cP I 
WATER LEVEL/ WELL DATA 

WELL DEPTH 31 . CS" FT 8 NEASWED 
. c> HISTORICAL 

SITE TYPE I WELL 
/. 

JOI IUIIER I Oz3 rf ciJ_ 

~ TCJt OF WELL PltOTECTlYE 
~ TCJt OF CASING CASING STJCIMJP 

( FIKII GIKIJID) 
[;z..5 nJ 

WATER DEPTH '. ~ FT ' GAL/VOL I 
HEIGHT OF . \ .. TEI CDL,._, ..., • J CO ,@-#7 if,r,r.._ GAL ...... , 

01.68 gal/ft (4•> a:s-;- aal/ft 

WELL INTEGRITY: r ~ PltOT. CASING SEOJIE 7 
CONCIETE COLLAR INTACT 
WELL LOCICED _,, 
PVC WELL c» 

PlD READINGS: IAMIIENT AIR C)..C) ,,.., 'WELL IIGJTH 0-~ ,,.., 

SnDYM,MMX~ 

SAMPLING DATE 7 / ~ o/~ 
FILE T\'P£ Ccal 

~ THU I ~'"'~ 

PIOTECTIYE ,-------, 
CASING/WELL DIFF.,-o.-;;-8 nj 

l 
WELL r. INCH 

DIANETEI 4 INCH 
_INCH 

PURGE DATA VOI.LNE , I 1 ~ I 3 I ½ I .J ~ I \ rr- --1 & 

g I I ~ I J , [;;z u I \ 1 , I \ I -t4 
'7 / J. cJ]~~ 

GALLONS I -c, SAIIIP.LE OISERVATIONS 

Pl.WING RATE (GPN) I T 1 --l T 1 / - I / T , - I -\ I \ I t 
-

TEMP, DEG C I I CJ 
pll, .. ITS Op11 ..... I S:/i, 

. -I I IU I /M I I I.U Ill I I I I I I I I~ 
r.773 S,'7~ S/7~ S/)3 \ \ \ fil ~=y 

~:::'-----
t>-.~ 

SPECIFIC COIIOUCTIVITY, -..1ca t Ji,/ , }b~ I , /b8l, Jt_:,~ CT~I \ =· (SEE NOTES) 
.JG4 

TURBIDITY, ntu ::) 01010101 \ I L14 

REDOX ca CCMPLETION OF PURGING): --:rcr i ♦/• -

JIPNEIIT DCXUNENTATION 

~

GING lLING EGUIPNENT ID 
PERISTALTIC P\W ISCO •--­
OED I CATED SlaERSIBL£., Pl,e. 
BAILER ~• U4• I 
PVC/SILICON TUIUIG -

□ Jl·LINE/DJSPOSABLE FILTER __ _ 
OTHER 

ANALYTICAL PARAMETERS METHOD FRACTION 
IUIIER CXlDE 

§ ~/PCB■ 
lll20 VP 

/ 11118 NS 
UMOZ EC 
UN13 § PAL INORGAIICS (IN notN) N 

LEAD ONLY SDZO N 
EXPLOSIVES UW19 LC 

IM32 § TPHC 418. 1 0 
TOC 415.1 0 
AIIIONS TF22 s 

TT10 C 
310.1 N 8 TSS ONLY 160.2 C 

N20 QUALITY ( ■N notN) s 
C 
N 

0 COLIFORM 303, 909 

7/4cJI?'- g~-1-~' 

~

CON FWIDS USED 
POTAILE WATER 
LJGUINOX 

~

TEI LEVEL ECIIIP. USED 
ELECTRIC CCII>. Pl08E 
PIESSURE TUJISDUCl:1 

~~LEMING 

~w <A-W l1.-.p~ 
IUER OF FILTERS 'tJsa> ( 

PIESERVATION VOl.l.NE SAMPLE SAMPLE IOTTLE ID NLIIIERS 
METHOD RECIIIRED COLLECTED 

HCL, 4 DEG C (4) 60 NL § 4 DEG C (2) 1 L AG 
4 DEG C (3) 1 L AG 

§ NII03 TO pll<2 1 L P•CUIE 
IIIIQ3 TO pll<2 
4 DEG C (3) 1 LAG 

H2504 TO pll<2 1 LAG 
H2504 TO pll<2 1 LAG 
H2504 TO pN<2 1 L P·CUIE 
4 DEG C 1 L P·CUIE 
111103 TO pll<2 1 L P•aa! 
4 DEG C 1 L P·CUIE 
H2504 TO pll<2 1 L P·CUIE 
4 DEG C 1 L P·CUIE 
111103 TO pll<Z 1 L P•CUIE 
4 DEG C (1) 4 OZ 

STEIILE I _/_~ - J 

IOTTLE 

NOTES (1) PURGING CCNPLETE WHEN 5 WELL VOi.LiES HAYE IEEII PURGED AMO WHEN WATER PARAMETERS VARY IY LESS TNM APPIOXINATELY 10%. 
C2) PAL INOllGAJUCS: ICP METALS (SS10); AS (SD22); SE (SD21); TL (SD09); SI (SD28); Pl CSDZO>: HG (SI01). 

NZO QUALITY: P04 (TF27); TD (TF26); IIIT (TFZ2); CL/504 (TT10); TSS (160.2); ALK (301.0); NAIDIIESS. 
, ALL~ C0L~ALS, IE: IION·FILTUED 

I 
SAMPLED BY: · "'-- -
RECEIVED BY: 

AS/~ t) ~ ((~-H 

GROUNDWATER SAMPLE DATA RECORD 
PROJECT OPERATIONS PLAN· 

FORT DEVENS, MASSACHUSETTS 
ABB Environmental Services, Inc. 



PIOJEcr[ 

SITE ID 

. ,,. DMIS I 
11.lr.,ld- h ~I- lol,1-f 

-JCATION 
ACTIVITY ISTU.T' E• (?(P I 

FIELD SNIPLE ...... lfV\IXI g I {) I ©I.?. I.Y h I 
SITE TYPE WELL I 

JOI IUIIER I () 8 Y/0,c~ 
I l 

STil>Y U.EA/NX 

U19'LIIIG DATE 

f$0/l1 
... 

1 .!,0/1~ 

FILE TYPE I CGII 

~THO I ;&.;~l I 

WATER LEVEL/ WELL DATA [ ..... TOP OF WELL PIOTECTJVE 
nj 

PIOTECTJVE 
TOP OF CASIIIG CASIIIG STICIC·llt !ah CASIIIG/IIELL DIFF. I -o . .ic nl 

J,,l, t~-" WELL DEPTH ~SURED ( FIKlN GRCUID) 
CRICAL 

WATER DEPTH a, .oc:;,. n 
WLL 11nam, J ~ •~ WELL WINCH 4. <\ GAL/VOl I PROT. CASIIIG SEC.£ DIAMETER 4 IIICN 

HEIGHT OF I 
8 e f? C\Frj J,-5"'{+{(.:'}~z:>)>TAL GAL PUIGEDj 

COIICIETE COLLAR IIITACT _IIICN 
WELL LOCICED . WATER COLLIW 
PVC WELL CAP _/ 

81.68 gal/ft (4•) 
_ pl/ft /?...V) I PID R : :NalEIIT AIR {)_c) ""I IWELL NCIITN('.J .1./ ""I • C o 

PURGE DATA VOLi.iE I 
, j_ > 4 - 1/Joj, ~ . > 

GALLONS - (0 l S"' a.0 JS '• _; 

Pt.WING RATE (GPN) ,-- ,J, .. ~ I.J -l 
TENP, DEG C i{,S' ~~~ 7£~ ~ ll .. o J cJ .S 'O d 

----w--{t,----. - I 6 
pll, UNITS Op11 PAPER ...... !, .'-)_ 1.,.74 ,A? I ~,7/ '5'..70 
SHCIFJC CCNDUCTJVITY, iaios/c:a .,t!J/6 . } ' t I& ll 7 • IH .JO 
TUIIIDITY, ntu (:) () () 0 0 
REDOll Ci alltLETION OF PURGING): O.~S -,2 ♦/• - 7 /j,rJc,(, 5 n.4 

PERISTALTIC P\JIP ISCO 1 __ _ 
. DEDICATED SUINERSIB~Pll'.e,. 

BAILER u,<U4• I 
PVC/SILICON TUIIIIG - ~

COIi FLUIDS USED 
POTAILE WATER 
LJGUJIIOX 
STEM CLEAltlllG 

'>.) U19'LE OISERVATIONS 

' ·""- ~· 11.4 ED 
D 

"-. r J OTHER (SEE IIOTES) 
, J/1 
qc;, 

F
ER LEVEL EGUIP. USED 

CTRJC all). P1tOIE 
ESSURE TRANSDUCER 

.,· GIIIG JIIIG EGUIPNENT ID 

□ IN·LINE/DISPOSAILE FILTER __ _ 
OTHER IIUNIER OF FILTERS USED 

AJIALTTICAL PARAMETERS NETNCI) FRACTION PIESERVA TION VOLIIIE Ul9'LE SNFLE IOTTLE ID IIUNIERS IOTTLE 
IUaER ca>E NETNCI> REGUIRED COLLECTED 

§ =/PCB■ 
lll20 VP NCL, 4 DEG C (4) 60 NL § llll18 NS 4 DEG C (2) 1 L AG 
UH02 EC 4 DEG C Cl) 1 L AG 
UN13 

§ § PAL 11101UiAIIICS (SN notes) II HN03 TO pll<2 1 L P·aJIE 
LEAD ONLY SD20 II NI03 TO pll<2 
EXPLOSIVES UW19 LC 4 DEG C Cl) 1 L AG 

UW32 § TPNC 418.1 0 N2S04 TO pl<2 1 LAG 
TDC 415.1 0 N2S04 TO pl<2 1 LAG 
ANIONS TF22 s N2S04 TO pl<Z 1 L P·aaE 

TT10 C 4 DEG C 1 L P•QJIE 
310.1 I NII03 TO pll<2 1 L P•aJIE 8 TSS ONLY 160.2 C 4 DEG C 1 L P·aJIE 

H20 QUALITY (SN notes) s N2S04 TO pll<2 1 L P·aJIE 
C 4 DEG C 1 L P·aJIE 
II HN03 TO pl<2 1 L P•QJIE 

0 COllFOU 303, 909 4 DEG C (1) 4 OZ 
STERILE 

IIOTES (1) PURGING cal'LETE WNEII 5 ~LL VOLIIIES NAVE BEEII PURGED All> WIIEII WATER PARAMETERS VU.Y IY LESS THAii APPROXIMATELY 1=. 
(2) PAL UICIIGAIIICS: ICP METALS (SS10); AS CSD22); SE (SD21); TL CSD09); SI CSD28); Pl CSD20); HG CSI01). 

N20 QUALITY: P04 (TF27); TD (TF26); IJT (TF22); CL/SOI, (TT10); TSS (160.2); ALK (301.0); HAIDNESS. 

1 
ALL •7:■s J;OLL~•Ls, IE, ID-mme 

SAMPLED BY: . a~ .,-
RECEIVED BY: GROUNDWATER SAMPLE DATA RECOR .... J 

PROJECT OPERATIONS PLAN 
FORT DEVENS, MASSACHUSETTS 

ABB Environmental Services, Inc. 



o - V, 

PIOJECTI ' FT....... I 
!!}lohl- ~ 1,1-1° l1tl~: 

FIELD SAMPLE Ill.NIEi i<-t µ, I BIO b:Ftf--rl ; I STil>Y MEA/NJC 80~ 
SITE JD SITE TYPE WELL ~ SAMPLING DATE 1)50/7.c 

JOI IIL .. H , bh4o- oJ FILE TYPE CGW 
:ATICIII 

~a1v1TY jsTAIT • am [,-P I WEATHER /.1.{-.,(~ 
-

WATER LEVEL / WELL DATA ~OP OF WELL PIOTECTIVE PIOTECTIVE 

I~. :s nl CASING/WELL DIFF.,-0 .. / 7 nl OP OF CASING CASING STICIC·lJ' 
WELL DEPTH S~l FT H:fsswED ( FICIII GltOlJI)) 

TO.ICAL 
WATER DEPTH a_,. 7 J. FT 

WLL imam, f ~ •~ WELL ·r. lllCH ( s-. C, GAL/VOL I PIOT. CASING SEClaE , DIANETER 4 IIICH 
HEIGHT OF CCIIICIETE COLL.Al INTACT . _IIICH 
WATER COLI.Mllaarr nl /s TOTAL GAL PUIGEDI WELL LOCXED · 

PVC WELL CAP 
.s_1.68 pl/ft (4•) 

,.>""> pl/ft ,1D READ111GS: !.va1E11T A11 o.-0 ,,,., IWELL IUJTH O.c""l . . 

PUIGE DATA VOLLN: I I J '] L/ s 
GALLCIIS I S Ju L{s- bO ·,, SANPLE OISERYATICIIIS 

P\WIIIG RATE CGPN) ,,f- ,,, ,7{- l,J l-o ~ ......... ------

/J.S' -,J.~ IJ,l I( .~ 11.~ • CLOU>Y 
TEMP, DEG C • COLORED 

TUIIID 
pH, UNITS Op11 PAPER 7.,o 17. 13 , . 1'1 7.ot ).()l • lo ODOI 

(h~ 
;~O , 18'1 .Jr, .)~o 

OTHER (SEE IIOTES) 
SPECIFIC CCNOUCTIYITY,~/CII .. ·179 
TUIIIDITY, ntu 'Jfo '3 '-f fJ ji.{ I l 
REDOX ca OWLETICII oF PURGING>: 3l'-•2 +/• -

JIPNEIIT 000.N:IITATICII 

~0lll FLUIDS use, -f! U11El EQUIP. USED 
PERISTALTIC PUP ISCO I POTABLE WATER LECTRIC COIID. PR0IE 

- DEDICATED SUIIIERSIB~ LIQUIIIOX PIESSUIE TIWISDUCER 
IAJLEI 2• 4• I STEM CLEAIIIIIG 
PVC/SILitm TUIIIIG -

f"' f G aul-T ID 

□ IN•LIIIE/DISPOSABLE FILTER 
OTHER ll.MER OF FILTERS USED I 

AIIALTTICA~ PARAMETERS NETHCI> FRACTJCII PIESERYATICIII YOLLIIE SNIPLE SAMPLE BOTTLE ID IINERS BOTTLE 
IINER Ca>E NETHCI> REQUIRED COLLECTED 

§ =/PCls 

lll20 yp HCL, 4 DEG C (4) 60 NL § I 
1.1118 NS 4 DEG C (2) 1 LAG ·, I I 
UH02 EC 4 DEG C (3) 1 L AG I I I 
UH13 - I I I § PAL IIIORGAIIICS ( ■ .. notes) I 11103 TO p11<2 1 L P·aJBE § I I I 

LEAD OIILY SD20 II HN03 TO pll<2 I I I 

EXPLOSIVES UW19 LC 4 DEG C (3) 1 L AG -, I I 

lMJ2 .. I I I § TPHC 418.1 0 H2504 TO pll<2 1 LAG • I I I 

TOC 415.1 0 H2504 TO pll<2 1 LAG • I I I 

All 1011S TF22 s H2504 TO pll<2 1 L P·aJBE .. I I I 
TT10 C 4 DEG C 1 L P·aJIE • I I I 
310.1 I HN03 TO pH<2 1 L P·aJIE • I I I 8 TSS ONLT 160.2 C 4 DEG C 1 L P·aJIE • I I I 

H20 QUALITY (IN notes) s H2504 TO pll<Z 1 L P·aJIE • I I 

C 4 DEG C 1 L P·aJBE ■ 
I I I 

II HN03 TO pll<2 1 L P·aJIE ■ 
-, I I 

0 COLIFORN 303, 909 4 DEG C (1) 4 OZ - I I 
STERILE I I I 

IIOTES (1) PURGING aJFLETE WHEN 5 WELL VOU.NES HAVE IEEII PUIGED AND WIIEII WATER PARANETERS VARY IY LESS THAii APPIOXJNATELY 10X. 
IC' NETALS (SS10); AS (SD22); SE (SD21); TL CSD09); SI (SD28); Pl CSDZO>; HG CSI01). (2) PAL INOIIGAIIICS: 

H20 QUALITY: P04 (TF27); TICJI (TF26); NIT (TF22); CL/504 (TT10); TSS (160.2); ALK (301.0); HARDNESS. 

, ALL~ ~TED ,voTALS, IE: IIOll·FILTERED 
[ SMPLED IT: ¢,~~ 

RECEIVED BY: 

. . 

. .. 
GROUNDWATER SAMPLE DATA RECORD 

PROJECT OPERATIONS PLAN -
FORT DEVENS, MASSACHUSETTS 

ABB Environmental Services, Inc. 



PaOJECT · FT.DEVENS 

SITE ID IC> IO l',""\I · I'll' I. I O I~ I)(' 

·JCATICII ----------. 

FIELD SAMPLE IIJNIER 

SITE TYPE r ·:,EL~- ' - '.,.,. 1" , I , 
JOI IIJNIEI I Dt,?. 7f J, O ol 

STil>Y MEA//IOC 

SANPLING DATE 

&D 

FI LE TYPE I CGII 

ACTIVITY lsTART/lo¼ Ell> 17,,o I ~THEI lfc.J;;~~ 

WATER LEVEL / .. LL DATA . f TOP OF .-LL PIOTECTIVE I I 
.-LL DEPTH I '3 s-: cJS" FT MEASURED _____ (FIIQN ~) '---·......:.----' 

PIOTECT I VE r: 
CASIIIGMLL DIFF. Lc, . ..,l~ 

I ~ 
TOP OF CASING CASING STJCK·ll' l 7 FT 

HISTORICAL 

WATER DEPTH I a,.~ 5 FTI WELL IIITEGIITY: Is ~ II~ WELL ~ INCH 4, L, GAL/VOi. PtlOT. CASING SEaJRE DIAMETER 4 IIICN 
HEIGHT OF ,------, . · CCIICIETE ID.LAI INTACT IIICH 
WATER COLI.NI I ~ O FT I J..$ TOTAL GAL PURGED WELL LOCKED · · -• ....,_ ___________ __. PVC ._LL c» 
01.68 pl/ft (4•) .,.. _______________ ......., 

t! ,ST" pl/ft PIO IEADIIIGS: IAMIIENT All ().C) '"'' IWELL ,NCIITNO. C) '"'' 

PURGE DATA VOLL.IE I 

GALLCIIS 

PlN'ING RATE (GPN) 

Lf 
~ J L-/ ~-
~ I~ TI- A,0 

I I I I J 

W.LE OISERVATICIIS 

nJ 

TEMP, DEG C I O -9 I Id. 31 JO-b I lo, s I 10. ~ COLORED ____ _ i~=y 
TURBID 

pN, UII ITS O pN PAPER 
lhS 

SPECIFIC CONDUCTIVITY, Wflft/ca 

, 0 , 1r.1'1 I.S,'1/ IJ:8'~15-"S7 
J GfJ I. OC/3110'Jf1 .Joo I ·-a<f7 

::-El (SEE IIOTES) 

TURBIDITY, ntu Jo I CJ I -V I o I o 
REDOX ca COl»LETICII OF PURGING): i::.J'-f,J ♦/• 1W 

JIPNENT DOCUENTATICII 

-~' GING llNGPEIISTALTIC NI> JSCO , __ _ 
DEDICATED SUINEISI I~ iue._ 
BAILER "12• U4• I 
PVC/SILICCN TUBING -

□ IN•LINE/OISPOSAILE FILTER __ _ 
OTHER 

ECIJIMMT JD 

ANALYTICAL PARAMETERS NETNCI) FIACTICII 
IIJNIEI CODE 

§ =,,ca. lll20 VP 
UN18 NS 
UH02 EC 
UH13 § PAL IIIOIGANICS (SN notn) II 

LEAD CIILY SDZO • EXPLOSIVES lAl19 LC 
UW3Z § TPNC 418. 1 0 

TOC 415. 1 0 
AIIICIIS TFZ2 s 

TT10 C 
310.1 N B TSS CIILY 160.2 C 

HZO QUALITY (aee notn> s 
C 
II 

□ COLIFOIN 303, 909 

~

CCII FLUIDS USED 'ER LEVEL ECIJJP. USED 
POTABLE WATER ELECTIIC CCIID. Pl1llE 
LICIUIIIOX PIESSUIE TIMSDUCEI 
STEM CL.EAMING 
l\t>N -

Oecf1.,,W -A'f.w.•p,~ ( 
lll."8EI OF FILTEIS US£D -

PIESEIVA TICII VOLUME SAMPLE SAMPLE IOTTLE ID NII.NEIS 
NETNCI) REQUIRED COLLECTED 

HCL, 4 DEG C (4) 60 NL § 4 DEG C (2) 1 L AG 
4 DEG C (3) 1 L AG 

§ 111103 TO pN<Z 1 L P·CWI! 
NNQ3 TO pll<Z 
4 DEG C (3) 1 LAG 

HZS04 TO pN<Z 1 LAG 
HZS04 TO pN<2 1 LAG 
HZS04 TO pN<Z 1 L P•ClJIE 
4 DEG C 1 L P•CWI! 
NJI03 TO pN<Z 1 L P•ClJIE 
4 DEG C 1 L P·CUIE 
H2SD4 TO pN<2 1 L P·CWI! 
4 DEG C 1 L P·CWI! 
111103 TO pN<Z 1 L P·ClJIE 
4 DEG C ct> 4 az 

STEIILE 

IOTTLE 

NOTES (1) PURGING CXWLETE WNEN 5 ._LL VOLUMES KAVE BEEN PURGED All> Wll£JI WATER PARAMETERS VARY IY LESS THAii APPIOICINATELY 10%. 
(2) PAL INORGANICS: ICP METALS (SS10); AS (SDZ2); SE (SD21); TL (SD09); SI (SD21); Pl CSDZO); HG (SI01). 

H20 QUALITY: P04 (TFZ7); TD (TF26); NIT CTF2Z); Cl/504 (TT10); TSS (160.Z); ALK (301.0); NAIIDNESS. 

1 
ALL•~ C01.~to,r1,u, "' ...,.nm■ED 

SAMPLED IY: A 
RECEIVED ■Y: -> GROUNDWATER SAMPLE DATA RECOh ... 

PROJECT OPERATIONS PLAN 
FORT DEVENS, MASSACHUSETTS 

ABB Environmental Services, Inc. 



W012961.080 

APPENDIXD 

OFF-SITE LABORATORY DATA 

ABB Environmental Services, Inc. 

APPENDIX D 

8740-03 



02,15 95 lll:12 'O' 
i.{JUUl · IJl,I;;: 

COMPUCHE1'-I 
ENVIRONMENTAL 
CORPORATION 

3305 Chapel 1-11111Nelson Highway PO. Box i4998 
Research Tr1ar,g!e Park, NC 27'?'05•4998 

F~bruary 15, l995 

ABB Environmental Services 
107 Audubon Rd. 
Wakefield, MA 01880 

ATTN: Doug Pierce 

(919) 406- ~ 600 

RE: IMPORTANT NOTICE - SAMPLE ANALYSIS ACKNOWLEDGMENT 
LETTER OF RECEIPT 

Thank you for selecting Compuchem Environmental corporation 
for your analytical service needs. would you please take a 
few moments to review the i mportant docwnentation attached? 

Encl osed is information per~aining to sample(s) just received 
from your f i rm. The attached listing provides a cross­
referenee betwGen your sample I.D. and compuChem's 
laboratory nwnber. The listing also indicates the analysis 
that has been scheduled to be performed on your sample(s). 

Pleasa! If the attached listing does not completely or 
accur ately reflect the analyses you want compuChem to perform, 
it i s essential that you contact one of the Project Management 
representatives inunedi ately so we may correct your order. 

A.ny discrepancy noted should be made known to compuChero by 
FAX'ed transmission without delay! This will allow your 
order to be reviewed and corrected, thereby ensuring timely 
reeaipt of the analytical reports you require. Your original 
Chain-of-Custody docwnent(s) will be mailed under a separate 
cover within a week of the date of this correspondence. 

Your time and assistance in helping us to ensu4e the accuracy 
and complQteness of your order is much appreciated! 

FAX number for Inquiries or Corrective Actions 

( 919) 406-1686 

Sincerely, 

Marlene Swift (919) 406-1626 
cathv Dover (919) 406-1627 
Miekey Cartagena (919) 406-1628 

Project Management Representatives 
compuChem Environmental Corporation 
(800) 833-5097 



f) 2 ., 1 5 ,' 9 5 1 0 : 13 '5' 

ABB Environmental Services 
ATTN: Doug Pierce 
107 Audubon Rd. 
Wakefield, MA 0l880 

RECEIVE DATE: 
QUOTE NUMBER: 
ORDER NUMBER: 

SAMPLE ID 

2/14/95 
94-00053400000500580 
. 29987 

TURNAROUND will 

TIME 

PAGE 

ANALYSIS 

~002 : 002 

1 

COMPUCHEM 
NUMBER 

---------------------------------------------------------------------------~----
MD061911 
MD166621 

30 
30 

Metals SW-846 3rd Ed watar 
TCL Voa+LS Method 8240 Water 
TCL Semivoa+LibSearch Method 8270 water 
TPH Method 503 Water 

** Please note that turnaro~nd ti~e and sample due dates will be, 
whenever applicable, calculated and determi~ed by the last sample 
racaivad in a Sample Delivery Group. 

684387 
684375 
684379 
684383 



VJ_ "- I VV J.;., "I-. ... 

COMPUCHEM .... ... ENVIRONME~TAL 
CORPORATIO~ 

January 27, 1995 

ABB Environmental Services 
107 Audubon Rd. 
Wakefield, MA 01880 

ATTN: Doug Pierce 

RE: IMPORTANT NOTICE - SAMPLE ANALYSIS ACKNOWLEDGMENT 
LETTER OF RECEIPT 

Thank you for selecting compuChem Environmental corporation 
for your analytical service needs. Would you please take a 
few moments to review the i mportant documentation attached? 

Enclosed is information pertaining to sample(s) just received 
from your firm. The attached listing provides a cross­
reference between your sample I.D. and compuchem's 
laboratory number. The listing also indicates the analysis 
that has been scheduled to be performed on your sample(s). 

Please! If the attached listing does not completely or 
accurately reflect the analyses you want compuChem to perform, 
it is essential that you contact . one of the Project Management 
representatives immediately so we may correct your order. 

Any discrepancy noted should be made known to CompuChem by 
FAX'ed ~ransmission without delay! This will allow your 
order to be reviewed and corrected, thereby ensuring timely 
receipt of the analytical reports you require. Your original 
Chain-of-c ustody docwnent(s) will be mailed under a separate 
cover wi t~ 1n a week of the date of this correspondence. 

Your time ~nd assistance in helping us to ensure the accuracy 
and completeness of your order is much appreciated! 

iAX number for Inquiries or corrective Actions 

( 919) 4 06-1686 

Si~cerely, 

Marlene swift (919) 406-1626 
Cathy Dover (919) 406-1627 
Mickey Cartagena (919) 406-1628 

Project Management Representatives 
compuChem Environ:r.ental corporation 
(800) 833-5097 

'-c.:, '-'..,.__,. V•• -



COMPUCHE!v1 
ENVIRONMENTAL 
CORPORATION 

ABB Environmental Services 
AT'l'N: Doug Pierce 
107 Audubon Rd. 
Wakefield, MA 01880 

PAGE 

RECEIVE DATE: 
QUOTE NUMBER: 
ORDER NUMBER: 

1/26/95 
94-00053400000500580 

29987 

SAMPLE IO 

MX061421 

MX061431 

MX061441 

MX061911 

MX166612 

Kx.166621 

Mx:362252 

SBK-25 

TBK-25 

TURNAROUND** 
TIME --

30 

30 

30 

30 

30 

30 

30 

30 

JO 

ANALYSIS 

TCL Voa+LS Method 8240 Water 
TCL Semivoa+LibSearch Method 8270 water 
TPH Method 503 Water 
TCL Voa+LS Method 8240 water 
TCL Semivoa+LibSearch Method 8270 Water 
TPH Method 503 Water 
TCL Voa+LS Method 8240 Water 
TCL Semivoa+LibSearch Method 8270 Water 
TPH Method 503 Water 
TCL Voa+LS Method 8240 Water 
TCL Semivoa+LibSearch Method 8270 Water 
TPH Method 503 Water 
Metals SW-846 3rd Ea water 
TCL Voa+LS Method 8240 Water 
TCL semivoa+Libsearch Method 8270 Water 
TPH Method 503 Water 
TCL Voa+LS Method 8240 Water 
TCL Semivoa+LibSearch Method 8270 Water 
TPH Method 503 water 
TCL Voa+LS Method 8240 Water 
TCL Semivoa+Libsearch Method 8270 Water 
TPH Method 503 Water 
TCL Voa+LS Method 8240 Water 
TCL Semivoa+LibSearch Method 8270 Water 
TPH Method 503 Water 
Metals SW-846 3rd Ed Water 
TCL Voa+LS Method 8240 Water 

** Please note that turnaround time and sample due dates will be, 
whenever applicable, calculated and determined by the last sample 
received in a sample Delivery Group. 

1 

COMPUCHEM 
NUMBER ------

680057 
680059 
680060, 
680061 
680062 
680063 
680064 
680066 
680067 
680068 
680069 
680070 
680072 
680044 
680045 
680047 
680041 
680042 
680043 
680029 
680033 
680037 
680048 
680049 
680050 
680052 
680073 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

BXBD0123 
Devens/ESPS Task 7 (DV5) 
ABB 
125ml VOA Vial/Methanol Cool 
Soil Percent Moisture 11 % 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Vol at i l_e_ Petroleum Hwocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/Kg) (ug/Kg) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics 280 0.05 14 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) 14 

Target ed Volat ile Organ ic Anal vtes 

13627-04 
VGl-0037-E 
06-19-96 
06-20-96 
07-02-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/Kg) 

130 
13 

250 

13 

PARAMETER CONC ENT RAT ION 
(ug/Kg) 

REPORTING LIMIT 
(ug/Kg) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,400 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

95 % 

250 
so 
so 
so 
so 
so 

250 

QC LIMITS 

60 - 140 % 

BRL = Below Report ing Limit. * ~ Reported concentration excludes targeted Volatile Organic analytes. 
Calculations based on dry sample weight. Method Reference ; Method 8015 (Modified) - Nonhalogenated Volatile 
Organics by Gas Chromatography, Test Methods for Evaluating Solid Waste, US EPA SW-846 , Third Edition (1986). 
Modified In accordance wi th the Method for the Determination of Vol at i 1 e Petro 1 eum Hydrocarbons, MA DEP, 
Public Co11'111ent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

BXBD0123 
Devens/ESPS Task 7 (DV5) 
ABB 
250ml Glass/Cool 
Soil Percent Moisture: 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

11 % Extracted: 
Analyzed: 

Ext ractable Petrol eum Hydroca~bons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTIPLIER CONCENTRATION 

(mg/Kg) (mg/Kg) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polvnuclear Aromat ic Hydrocarbon Analvtes 

13627-03 
EP-0139-M 
06-18-96 
06-20-96 
06-25-96 
07-02-96 

ADJUSTED 
REPORTING 

LIMIT 
(mg/Kg) 

1. 7 
0.17 

33 

0.17 

PARAMETER CONCENTRATION REPORTING LIMIT 
(mg/Kg) (mg/Kg) 

Naphthalene BRL 0.56 
2-Methylnaphthalene BRL 0.56 
Acenaphthylene BRL 0.56 
Acenaphthene BRL 0.56 
Fl uorene BRL 0.56 
Phenanthrene BRL 0.56 
Anthracene BRL 0.56 
Fluoranthene BRL 0.56 
Pyrene BRL 0.56 
Benzo(a)anthracene BRL 0.56 
Chrysene BRL 0.56 
Benzo(b)fluoranthene BRL 0.56 
Benzo(k)fluoranthene BRL 0.56 
Benzo(a)pyrene BRL 0.56 
Indeno(l,2,3-c,d)pyrene BRL 0.56 
Dibenzo(a,h)anthracene BRL 0.56 
Benzo(g,h,i)perylene BRL 0.56 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 2.2 1.8 80 % 60 - 140 % 
o-Terphenyl 2.2 1. 9 87 % 60 - 140 % 

BRL = Below Report i ng Limit . *=Reported concentrati on excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes. Calculations based on dry sample weight. Method Reference: Method B100 (Modified) -
Polynuclear Aromatic Hydrocarbons, Test Methods for Eval uating Solid Waste, US EPA SW-846 , Third Edition 
(1986). Modified in accordance with the Method for the Determination of Extractable Petroleum 
Hydrocarbons, MA DEP, Public Conrnent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD0229 
Devens/ESPS Task 7 (DV5) 
ABB 
250ml Glass/Cool 
Soil Percent Moisture: 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

15 % Extracted: 
Analyzed: 

Extr_actabl_e Petroleum 1-fydroca~bons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(mg/Kg) (mg/Kg) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polvnucle.ar Aromatic Hydrocarbon Analytes 

13655-05 
EP-0141-M 
06-25-96 
06-25-96 
06-29-96 
07-10-96 

ADJUSTED 
REPORTING 

LIMIT 
(mg/Kg) 

1.8 
0.18 

35 

0.18 

PARAMETER CONCENTRATION REPORTING LIMIT 

Naphthalene 
2-Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
Indeno(l,2,3-c,d)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

QC SURROGATE COMPOUND 

Chloro-octadecane 
o-Terphenyl 

SPIKED 

2.3 
2.3 

MEASURED 

2.0 
1.9 

(mg/Kg) 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

87 % 
81 % 

(mg/Kg) 

0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 
0.59 

QC LIMITS 

60 - 140 % 
60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes. Calculations based on dry sample weight. Method Reference: Method 8100 (Modified) -
Polynuclear Aromatic Hydrocarbons, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition 
(1986). Modified in accordance with the Method for the Determination of Extractable Petroleum 
Hydrocarbons, MA DEP, Public Corrment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: MXBD0229 Lab ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

Devens/ESPS Task 7 (DV5) 
ABB · 
125ml VOA Vial/Methanol Cool 
Soil Percent Moisture 15 % 

Batch ID: 
Sampled: 
Received: 
Analyzed: 

Volatile Petroleum Hydrocarbons 

TOXICITY EQUIVA~ENT 
PARAMETER CONCENTRATION MULTI PLIER CONC ENT RA TI ON 

(ug/Kg) (ug/Kg) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13655-06 
VGl-0039-E 
06-25-96 
06-25-96 
07-02-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/Kg) 

130 
25 

250 

25 

PARAMETER CONCENTRATION 
(ug/Kg) 

REPORTING LIMIT 
(ug/Kg) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
orthq-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,400 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

95 % 

250 
so 
so 
so 
so 
so 

250 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. * = Reported concentration excludes targeted Volatile Organic analytes. 
Calculations based on dry sample weight. Method Reference: Method 8015 (Modified) - Nonhalogenated Volatile 
Organics by Gas Chromatography, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). 
Modified in accordance with the Method for the Determination of Vol at i 1 e Petroleum Hydrocarbons, MA DEP, 
Public Co1m1ent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MDBD0327 
Devens/ESPS Task 7 (DV5) 
ABB 
250ml Glass/Cool 
Soil Percent Moisture: 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

12 % Extracted: 
Analyzed: 

Extractable Petroleum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTIPLIER CONCENTRATION 

(mg/Kg) (mg/Kg) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polynucl ear Aromatic Hydrocarbon Anal yt es 

13655-03 
EP-0141-M 
06-25-96 
06-25-96 
06-29-96 
07-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(mg/Kg) 

1.6 
0 .16 

32 

0.16 

PARAMETER CONCENTRATION REPORTING LIMIT 
(mg/Kg) (mg/Kg) 

Naphthalene BRL 0.54 
2-Methylnafhthalene BRL 0.54 
Acenaphthy ene BRL 0.54 
Acenaphthene BRL 0.54 
Fluorene BRL 0. 54 
Phenanthrene BRL 0.54 
Anthracene BRL 0.54 
Fluoranthene BRL 0.54 
Pyrene BRL 0.54 
Benzo(a)anthracene BRL 0.54 
Chrysene BRL 0. 54 
Benzo(b)fluoranthene BRL 0.54 
Benzo(k)fluoranthene BRL 0.54 
Benzo(a)pyrene BRL 0.54 
Indeno(l,2,3-c,d)pyrene BRL 0.54 
Dibenzo(a,h)anthracene BRL 0.54 
Benzo(g,h,i)perylene BRL 0.54 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 2.2 1.8 82 % 60 - 140 % 
o-Terphenyl 2.2 1.8 82 % 60 - 140 % 

BRL = Below Reporting Limit . *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes . Calculations based on dry sample weight. Method Reference: Method 8100 (Modified) -
Polynuclear Aromatic Hydrocarbons, Test Methods for Evaluati ng Sol id Waste, US EPA SW-846 , Third Edition 
(1986). Mod ified in accordance with t he Method fo r the De terminat ion of Extractable Petroleum 
Hydrocarbons , MA DEP, Public Co11J11ent Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MDBD0327 
Devens/ESPS Task 7 (DV5) 
ABB 
125ml VOA Vial/Methanol Cool 
Soil Percent Moisture 12 % 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Vol atile Petroleum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/Kg) (ug/Kg) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13655-04 
VGl-0039-E 
06-25-96 
06-25-96 
07-02-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/Kg) 

130 
25 

250 

25 

PARAMETER CONCENTRATION 
(ug/Kg) 

REPORTING LIMIT 
(ug/Kg) 

Methyl tert-butyl Ether 
Benzene 
roluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,800 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

111 % 

250 
. so 

so 
so 
so 
50 

250 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. * = Reported concentration excludes targeted Volatile Organic analytes. 
Calculations based on dry sample weight. Method Reference: Method 8015 (Modified) - Nonhalogenated Volatile 
Organics by Gas Chromatography, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). 
Modified in accordance with the Method for the Determination of Volatile Petroleum Hydrocarbons, MA DEP, 
Public Corranent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD0327 
Devens/ESPS Task 7 (DV5) 
ABB 
250ml Glass/Cool 
Soi 1 Percent Moisture: 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

12 % Extracted: 
Analyzed: 

Extractable Petroleum~Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(mg/Kg) (mg/Kg) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polynuclear Aromatic Hydrocarbon Analytes 

13655-07. 
EP-0141-M 
06-25-96 
06-25-96 
06-29-96 
07-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(mg/Kg) 

1.6 
0.16 

32 

0. 16 

PARAMETER CONCENTRATION REPORTING LIMIT 
(mg/Kg) (mg/Kg) 

Naphthalene BRL 0.54 
2-Methylna~hthalene BRL 0.54 
Acenaphthy ene BRL 0.54 
Acenaphthene BRL 0.54 
Fluorene BRL 0.54 
Phenanthrene BRL 0.54 
Anthracene BRL 0.54 
Fluoranthene BRL 0.54 
Pyrene BRL 0.54 
Benzo(a)anthracene BRL 0.54 
Chrysene BRL 0.54 
Benzo~b)fluoranthene BRL 0.54 
Benzo k)fluoranthene BRL 0.54 
Benzo(a)pyrene BRL 0.54 
Indeno(l,2,3-c,d)pyrene BRL 0.54 
Dibenzo(a,h)anthracene BRL 0.54 
Benzo(g,h,i)perylene BRL 0.54 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 2.1 1.8 87 % 60 - 140 % 
o-Terphenyl 2.1 1. 9 89 % 60 - 140 % 

BRL = Below Reporting Limit . *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes . Calculations based on dry sample weight. Method Reference : Method 8100 (Modified) -
Polynuclear Aromatic Hydrocarbons, Test Methods for Evaluating Sol \ d Waste, US EPA SW-846, Third Edition 
(1986). Modified in accordance with the Method for the Determination of Extractable Petroleum 
Hydrocarbons, MA DEP, Public Conment Draft 1. 0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 

MXBD0327 
Devens/ESPS Task 7 (DV5) 
ABB 
125ml VOA Vial/Methanol Cool 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

Matrix: Soil Percent Moisture 12 % Analyzed: 

Vol ati 1 e Petrol~um Hydrocar~bQIJS 

PARAMETER CONCENTRATION 
(ug/Kg) 

n-C 5 to n-C 8 Aliphatics * BRL 
n-C 9 to n-C 12 Aliphatics BRL 
n-C 9 to ·n-C 10 Aromatics BRL 

Volatile Petroleum Hydrocarbons (VPH) 

TOXICITY EQUIVALENT 
MULTIPLIER CONCENTRATION 

(ug/Kg) 

0.5 BRL 
0.05 BRL 
1.0 BRL 

BRL 

Targeted Volatile Organic Analvtes 

13655-08 
VGl-0039-E 
06-25-96 
06-25-96 
07-02-96 

ADJUSTED 
.REPORTING 

LIMIT 
(ug/Kg) 

130 
25 

250 

25 

PARAMETER CONCENTRATION 
(ug/Kg) 

REPORTING LIMIT 
(ug/Kg) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,700 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

106 % 

250 
50 
50 
50 
50 
50 

250 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. * = Reported concentration excludes targeted Volatile Organic analytes. 
Calculations- pased on dry sample weight. Method Reference: Method 8015 (Modified) - Nonhalogenated Volatile 
Organics by Gas Chromatography, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition (1986) . 
Modified in accordance with the Method for the Determination of Volatile Petroleum Hydrocarbons, MA DEP, 
Public Comment Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD4B28 
Devens/ESPS Task 7 (DV5) 
ABB 
250ml Glass/Cool 
Soil Percent Moisture: 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

12 % Extracted: 
Analyzed: 

Extractable Petroleum~Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(mg/Kg) (mg/Kg) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polynuclear Aromatic Hydrocarbon Analytes 

13685-03 
EP-0142-M 
06-26-96 
06-27-96 
07-03-96 
07-12-96 

ADJUSTED 
REPORTING 

LIMIT 
(mg/Kg) 

1.6 
0.16 

33 

0.16 

PARAMETER CONCENTRATION REPORTING LIMIT 
(mg/Kg) (mg/Kg) 

Naphthalene BRL 0.54 
2-Methylna~hthalene BRL 0.54 
Acenaphthy ene BRL 0.54 
Acenaphthene BRL 0.54 
Fluorene BRL 0.54 
Phenanthrene BRL 0.54 
Anthracene BRL 0.54 
Fluoranthene BRL 0.54 
Pyrene BRL 0.54 
Benzo(a)anthracene BRL 0.54 
Chrysene BRL 0.54 
Benzolb)fluoranthene BRL 0.54 
Benzo k~fluoranthene BRL 0.54 
Benzo a pyrene BRL 0.54 
Indeno{l,2,3-c,d)pyrene BRL 0.54 
Dibenzo(a,h)anthracene BRL 0.54 
Benzo(g,h,i)perylene BRL 0.54 · 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 2.2 2.0 91 % 60 - 140 % 
o-Terphenyl 2.2 1. 2 54 % m 60 - 140 % 

m = Surrogate recovery ·outside recotllllended l lmi ts due to sample matrix interference . BRL = Below 
Reporting Limit . * = Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon analytes. 

Calculations based on dry sample weight . Method Reference: Method 8100 (Modified) - Polynuclear Aromatic 
Hydrocarbons, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in 
accordance with the Method for the Determination of Extractable Petroleum Hydrocarbons, MA DEP, Public 

Comment Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD4B28 
Devens/ESPS Task 7 (DV5) 
ABB 
125ml VOA Vial/Methanol Cool 
Soil Percent Moisture 12 % 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Volatile Petr9-leum Hydr_ocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/Kg) (ug/Kg) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH} BRL 

Targeted Volatile Organic Analytes 

13685-04 
VGl-0039-E 
06-27-96 
06-27-96 
07-02-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/Kg) 

130 
13 

250 

13 

PARAMETER CONC ENT RAT ION 
(ug/Kg) 

REPORTING LIMIT 
(ug/Kg) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,500 · 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

99 % 

250 
50 
50 
50 
50 
50 

250 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. * = Reported concentration excludes targeted Volatile Organic analytes. 
Calculations based on dry sample weight. Method Reference : Method 8015 (Modified) - Nonhalogenated Volatile 
Organics by Gas Chromatography, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). 
Modified in accordance with the Method for the Determination of Vol ati 1 e Petro 1 eum Hydrocarbons, MA DEP, 
Public Comment Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL . EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD0525 
Devens/ESPS Task 7 (DV5) 
ABB 
250ml Glass/Cool 
Soil Percent Moisture: 

Lab ID: 
Batch ID: 
Sampled: 
Received: 

9 % Extracted: 
Analyzed: 

Ext ract able_ Petrol eum H~drocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(mg/Kg) (mg/Kg) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polynuclear Aromat ic Hydrocarbon Analytes 

13685-01 
EP-0142-M 
06-27-96 
06-27-96 
07-03-96 
07-12-96 

ADJUSTED 
REPORTING 

LIMIT 
(mg/Kg) 

1.6 
0.16 

31 

0.16 

PARAMETER CONCENTRATION REPORTING LIMIT 
(mg/Kg) (mg/Kg) 

Naphthalene BRL 0.52 
2-Methylna~hthalene BRL 0.52 
Acenaphthy ene BRL 0.52 
Acenaphthene BRL 0.52 
Fluorene BRL 0.52 
Phenanthrene BRL 0.52 
Anthracene BRL 0.52 
Fluoranthene BRL 0.52 
Pyrene BRL 0. 52 
Benzo(a)anthracene BRL 0.52 
Chrysene BRL 0.52 
Benzo(b)fluoranthene BRL 0.52 
Benzo(k~fluoranthene BRL 0.52 
Benzo(a pyrene BRL 0.52 
Indeno(l,2,3-c,d)pyrene BRL 0.52 
Dibenzo(a,h)anthracene BRL 0.52 
Benzo(g,h,i)perylene BRL 0.52 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 2.1 1.8 85 % 60 - 140 % 
o-Terphenyl 2 .1 1.2 58 % m 60 - 140 % 

m = Surrogate recovery outside recorrrnended limits due to sample matrix i nterference. BRL = Below 
Report ing Limit. * = Reported concentration excludes targeted Po 1 ynuc 1 ear Aromatic Hydrocarbon ana 1 ytes . 
Calculations based on dry sample weight. Method Reference: Method 8100 (Modified) - Polynuclear Aromatic 
Hydrocarbons, Test Methods for Evaluat ing Solid Waste, US EPA SW-846, Third Edition (1986). Modified in 
accordance with the Method for the Oetermi nation of Extractab 1 e Petroleum Hydrocarbons, MA DEP, Public 
Corrrnent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD0525 
Devens/ESPS Task 7 (DVS) 
ABB 
125ml VOA Vial/Methanol Cool 
Soil Percent Moisture 

lab ID: 
Batch ID: 
Sampled: 
Received: 

9 % Analyzed: 

Vol atj~Petrol eum Hydrocarbo~ns 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/Kg) (ug/Kg) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analyt~s 

13685-02 
VGl-0039-E 
06-27-96 
06-27-96 
07-02-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/Kg) 

130 
13 

250 

13 

PARAMETER CONCENTRATION 
(ug/Kg) 

REPORTING LIMIT 
(ug/Kg) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,500 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

99 % 

250 
50 
50 
so 
50 
so 

250 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit . * = Reported concentration excludes targeted Volatile Organic analytes. 
Calculations based on dry sample weight. Method Reference: Method 8015 (Modified) - Nonhalogenated Volatile 
Organics by Gas Chromatography, Test Methods for Evaluating Solid Waste, US EPA SW-846 , Third Edit ion (1986). 
Modified in accordance with the Method for the Determination of Volatile Petroleum Hydrocarbons, MA DEP, 
Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MX1601Xl 
Devens/ESPS Task 7 (DVS) 
ABB 
ll Glass/Cool H2S04 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Extrac_tabJ_e Petrol_e_um_Hy_drocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polynuclear Aromatic Hydrocarbon Analytes 

13960-02 
EP-0123-F 
07-30-96 
07-30-96 
08-06-96 
08-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 

Naphthalene 
2-Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene 
lndeno(l,2,3-c,d)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

QC SURROGATE COMPOUND 

Chloro-octadecane 
o-Terphenyl 

SPIKED MEASURED 

20 16 
20 17 

(ug/L) (ug/L) 

BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 
BRL 10 

RECOVERY QC LIMITS 

82 % 60 - 140 % 
84 % 60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes. Method Reference: Method 8100 (Modified) - Polynuclear Aromatic Hydrocarbons, Test Methods for 
Evaluating Solid Waste, US EPA ~W-846, Third Edition (1986). Modified in accordance with the Method for 
the Determination of Extractable Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum ~ydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MX1601Xl 
Devens/ESPS Task 7 (DV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Volatile Petr_QJ eum_Hyd_rQc_arbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Al iphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13960-08 
VGl-0049-W 
07-30-96 
07-30-96 
08-05-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
0.25 
5.0 

0.25 

PARAMETER CONCENTRATION 
(ug/L) 

REPORTING LIMIT 
(ug/L) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

50 

MEASURED 

41 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

82 % 

25 
5 
5 
5 
5 
5 

10 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Volatile Organic analytes. Method 
Reference: Method 8015 (Modified) - Nonhalogenated Volatile Organics by Gas Chromatography, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for the 
Determination of Volatile Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MX1602Xl 
Devens/ESPS Task 7 (OV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received : 
Analyzed: 

Volatil e Pet r_ol eum Hygr_ocar b_g_ns 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) ( ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics 19,000 0.05 950 
n-C 9 to n-C 10 Aromatics 5,400 1.0 5,400 

Volatile Petroleum Hydrocarbons (VPH) 6,400 

Targeted Vol atile Organic Analytes 

13960-09 
VGl-0053-W 
07-30-96 
07-30-96 
08-07-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

130 
13 

250 

13 

PARAMETER CONCENTRATION 
(ug/L) 

REPORTING LIMIT 
(ug/L) 

Methyl tert-butyl Ether 
Benzene 
To l uene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

2,500 

MEASURED 

2,600 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

104 % 

1,250 
250 
250 
250 
250 
250 
500 

QC LIMITS 

60 - 140 % 

Elevated reporting 1 imi t due to required samp 1 e di 1 uti on. BRL = Be 1 ow Reporting Limit. * = Reported 
concentration excludes targeted Volatile Organic analytes. Method Reference: Method 8015 (Modified) -
Nonhalogenated Volatile Organics by Gas Chromatography, Tes t Met hods for Evaluating Solid Waste , US EPA 
SW-846, Thi rd Edition (1986). Modified in accordance with the Method for the Determination of Vol at i 1 e 
Petroleum Hydrocarbons, MA DEP, Publi c Con111ent Draft 1. 0 (1995 ). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MX1602Xl 
Devens/ESPS Task 7 (DV5) 
ABB 
IL Glass/Cool H2S04 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Extractable Petroleum _Hydroca_rb<>ns 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTIPLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics 75,000 0.05 3,800 
n-C 19 to n-C 36 Aliphatics 9,100 0.005 45 
n-C 10 to n-C 22 Aromatics* 10,000 1.0 10,000 

Extractable Petroleum Hydrocarbons (EPH) 14,000 

Targeted Polynuclear Aromatic Hydrocarbon Analytes 

13960-03 
EP-0123-F 
07-30-96 
07-30-96 
08-06-96 
08-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

250 
25 

2,500 

25 

PARAMETER CONCENTRATION 
(ug/L) 

REPORTING LIMIT 

Naphthalene 
2-Methylnaphthalene 
Acenaphthylene 
Acenaphthene 
Fluorene 
Phenanthrene 
Anthracene 
Fluoranthene 
Pyrene 
Benzo(a)anthracene 
Chrysene 
Benzo(b)fluoranthene 
Benzo(k)fluoranthene 
Benzo(a)pyrene . 
Indeno(l,2,3-c,d)pyrene 
Dibenzo(a,h)anthracene 
Benzo(g,h,i)perylene 

QC SURROGATE COMPOUND 

Chloro-octadecane 
o-Terphenyl 

SPIKED 

20 
20 

MEASURED 

d 
25 

100 
460 

BRL 
110 
62 
64 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

N/A 
125 % 

(ug/L) 

50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 
50 

QC LIMITS 

60 - 140 % 
60 - 140 % 

d = Surrogate recovery outside recommended 1 i mi ts due to required samp 1 e di 1 uti on. Elevated reporting 
limit due to required sample dilution. BRL = Below Reporting Limit.*= Reported concentration excludes 
targeted Polynuclear Aromatic Hydrocarbon analytes. Method Reference: Method 8100 (Modified) -
Polynuclear Aromatic Hydrocarbons, Test Methods for Evaluating Solid Waste, US EPA SW-846, Third Edition 
(1986). Modified in accordance with the Method for the Determination of Extractable Petroleum 
Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv : 
Matrix: 

MXBD0IXI 
Devens/ESPS Task 7 (DVS) 
ABB 
IL Glass/Cool H2S04 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Ext ract abl e Petroleum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

( ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Pol ynuclear Aromatic Hydrocarbon Analytes 

13960-04 
EP-0123-F 
07-30-96 
07-30-96 
08-06-96 
08-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 
(ug/L) (ug/L) 

Naphthalene BRL 10 
2-Methylna~hthalene BRL 10 
Acenaphthy ene BRL 10 
Acenaphthene BRL 10 
Fluorene BRL 10 
Phenanthrene BRL 10 
Anthracene BRL 10 
Fluoranthene BRL 10 
Pyrene BRL 10 
Benzo(a)anthracene BRL 10 
Chrysene BRL 10 
Benzo(b)fluoranthene BRL 10 
Benzo(k)fluoranthene BRL 10 
Benzo(a)pyrene BRL 10 
Indeno(l,2,3-c,d)pyrene BRL 10 
Dibenzo(a,h)anthracene BRL 10 
Benzo(g,h,i)perylene BRL 10 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 20 17 83 % 60 - 140 % 
o-Terphenyl 20 19 95 % 60 - 140 % 

BRL = Below Reporting Limit . *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes. Method Reference : Method 8100 (Modified) - Polynuclear Aromatic Hydrocarbons, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the ~ethod for 
the Determination of Extractable Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 {MA DEP Modified) 

Volatile Petroleum Hydrocarbons {GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBDOlXl 
Devens/ESPS Task 7 (DV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

VolatjJ~e Petroleum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13960-10 
VGl-0049-W 
07-30-96 
07-30-96 
08-05-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
0.25 

5 

0.25 

PARAMETER CONCENTRATION REPORTING LIMIT 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED MEASURED 

so 48 

(ug/L) (ug/L) 

BRL 25 
BRL 5 
BRL 5 
BRL 5 
BRL 5 
BRL 5 
BRL · 10 

RECOVERY QC LIMITS 

97 % 60 - 140 % 

BRL = Below Reporting Limit . *=Reported concentration excludes targeted Volatile Organic analytes. Method 
Reference: Method 8015 (Modified) - Nonhalogenated Volatile Organics by Gas Chromatography, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for the 
Determination of Volatile Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MDBDOIXI 
Devens/ESPS Task 7 (DV5) 
ABB 
IL Glass/Cool H2S04 
Aqueous 

Lab ID : 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

ExtractabJ~ Petrol eum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18. Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractabl~ Petroleum Hydrocarbons (EPH) BRL 

Ia~rget ed Pol ynuclear Aromat ic Hydrocarbon Analytes 

13960-01 
EP-0123-F 
07-30-96 
07-30-96 
08-06-96 
08-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 
(ug/l) ( ug/ L) 

Naphthalene BRL 10 
2-Methylna~hthalene BRL 10 
Acenaphthy ene BRL 10 
Acenaphthene BRL 10 
Fluorene BRL 10 
Phenanthrene BRL 10 
Anthracene BRL 10 
Fluoranthene BRL 10 
Pyrene BRL 10 
Benzo(a)anthracene BRL 10 
Chrysene BRL 10 
Benzo(b)fluoranthene BRL 10 
Benzo(k)fluoranthene BRL 10 
Benzo(a)pyrene BRL 10 
Indeno(l,2 ,3-c,d)pyrene BRL 10 
Dibenzo(a , h)anthracene BRL 10 
Benzo(g,h , i)perylene BRL 10 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 20 16 80 % 60 - 140 % 
o-Terphenyl 20 17 84 % 60 - 140 % 

BRL = Below Reporting Limit . *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes . Method Reference: Method 8100 (Modified) - Polynuclear Aromatic Hydrocarbons, Test Methods for 
Evaluating Solid Waste , US EPA SW-846 , Third Edition (1986) . Modified in accordance with the Method for 
the Determination of Extractable Petroleum Hydrocarbons, MA DEP, Public CoTllllent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MDBDOlXl 
Devens/ESPS Task 7 (DV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch· ID: 
Sampled: 
Received : 
Analyzed: 

Volatile Petroleum Hyd~ocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) ( ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13960-07 
VGl-0049-W 
07-30-96 
07-30-96 
08-05-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
0.25 
5.0 

0.25 

PARAMETER CONC ENT RA TI ON 
(ug/L) 

REPORTING LIMIT 
(ug/l) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

50 

MEASURED 

41 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

83 % 

25 
5 
5 
5 
5 
5 

10 

QC LIMITS 

60 - 140 % 

BRL = Be l ow Reporting Limit . *=Reported concentration excludes targeted Volatile Organic analytes. Method 
Reference : Method 8015 (Modified) - Nonhal ogenated Volatile Organics by Gas Chromatography , Test Methods for 
Evaluating Solid Waste, US EPA SW-846 , Third Edi t ion (1986) . Modified in accordance with the Method for the 
Determination of Volatile Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL 

EPA METHOD 8015 (MA DEP Modified) 
Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD02Xl 
Devens/ESPS Task 7 (DV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Vol at i] e Petrol eum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatil e Organic Anal ytes 

13960-11 
VGl-0049-W 
07-30-96 
07-30-96 
08-05-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
0.25 

5 

0.25 

PARAMETER CONC ENT RA TI ON 
(ug/L) 

REPORTING LIMIT 
(ug/L) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

50 

MEASURED 

50 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

99 % 

25 
5 
5 
5 
5 
5 

10 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Volatile Organic analytes. Method 
Reference : Method 8015 (Modified) - Nonhalogenated Volatile Organics by Gas Chromatography, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for the 
Determination of Volatile Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD02Xl 
Devens/ESPS Task 7 (DVS) 
ABB 
IL Glass/Cool H2S04 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Extractab)~_Petroleum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics 1,700 0.005 8.3 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) 8.3 

Targeted Polynuclear Aromatic Hydrocarbon Analytes 

13960-05 
EP-0123-F 
07-30-96 
07-30-96 
08-06-96 
08-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 
(ug/L) (ug/L) 

Naphthalene BRL 10 
2-Methylna~hthalene BRL 10 
Acenaphthy ene BRL 10 
Acenaphthene BRL 10 
Fluorene BRL 10 
Phenanthrene BRL 10 
Anthracene BRL 10 
Fluoranthene BRL 10 
Pyrene BRL 10 
Benzo(a)anthracene BRL 10 
Chrysene BRL 10 
Benzo(b)fluoranthene BRL 10 
Benzo(k)fluoranthene BRL 10 
Benzo(a)pyrene BRL 10 
Indeno(l,2,3-c,d)pyrene BRL 10 
Dibenzo(a,h)anthracene BRL 10 
Benzo(g,h,i)perylene BRL 10 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 20 17 86 % 60 - 140 % 
o-Terphenyl 20 18 90 % 60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes . Method Reference: Method 8100 (Modified) - Polynuclear Aromatic Hydrocarbons, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for 
the Determination of Extractable Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD03Xl 
Devens/ESPS Task 7 (DV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Volatile Petroleum Hydro~arbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13960-12 
VGl-0050-W 
07-30-96 
07-30-96 
08-06-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
0.25 

5 

0.25 

PARAMETER CONC ENT RA TI ON 
(ug/L) 

REPORTING LIMIT 
(ug/L) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

50 

MEASURED 

55 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

111 % 

25 
5 
5 
5 
5 
5 

10 

QC LIMITS 

60 - 140 % 

BRL = Bel ow Reporting Li mit . * = Repo rted concentration excludes targeted Vol atile Organic analytes . Method 
Reference : Method 8015 (Modified) - Nonhalogenated Volatile Organ ics by Gas Chromatography, Test Methods for 
Evaluating Solid Wast~, US EPA SW-846, Third Edition (1986). Mod ified in accordance with the Method for the 
Determina tion of Volatil e Petroleum Hydrocarbons, MA DEP, Public Conrnent Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD03Xl 
Devens/ESPS Task 7 (DV5) 
ABB 
IL Glass/Cool H2S04 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Extractable Petroleum H.Y,dro_c_arbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics 890 0.05 44 
n-C 19 to n-C 36 Aliphatics 2,900 0.005 14 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) 58 

Targeted Polvnuclear Aromatic Hydrocarbon Analytes 

13960-06 
EP-0123-F 
07-30-96 
07-30-96 
08-06-96 
08-09-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 
(ug/L) (ug/L) 

Naphthalene BRL 10 
2-Methylna~hthalene BRL 10 
Acenaphthy ene BRL 10 
Acenaphthene BRL 10 
Fluorene BRL 10 
Phenanthrene BRL 10 
Anthracene BRL 10 
Fluoranthene BRL 10 
Pyrene BRL 10 
Benzo(a)anthracene BRL 10 
Chrysene . BRL 10 
Benzo(b)fluoranthene BRL 10 
Benzo(k)fluoranthene BRL 10 
Benzo(a)pyrene BRL 10 
lndeno(l,2,3-c,d)pyrene BRL 10 
Dibenzo(a,h)anthracene BRL 10 
Benzo(g,h,i)perylene BRL 10 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 20 18 88 % 60 - 140 % 
o-Terphenyl 20 17 83 % 60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration exc1udes targeted Polynuclear Aromatic Hydrocarbon 
analytes . Method Reference: Method 8100 (Modified) - Polynuc1ear Aromatic Hydrocarbons ; Test Methods for 
Eva1uating So1id Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for 
the Determination of Extractable Petro1eum Hydrocarbons, MA DEP , Public Comment Draft 1. 0 (1995). 



GROUNDWATER 
ANALYTICAL 

EPA METHOD 8100 (MA DEP Modified) 
Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD04Bl 
Devens/ESPS Task 7 (DVS) 
ABB 
ll Glass/H2S04 Cool 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Extractable PetroLeum H_ycir-_o_carbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics BRL 0.005 BRL 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) BRL 

Targeted Polynuclear Aromatic Hydrocarbon Analytes 

13967-06 
EP-0123-F 
07-30-96 
07-31-96 
08-06-96 
08-12-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 
(ug/L) (ug/L) 

Na~hthalene BRL 10 
2- ethylnaphthalene BRL 10 
Acenaphthylene BRL 10 
Acenaphthene BRL 10 
Fluorene BRL 10 
Phenanthrene BRL 10 
Anthracene BRL 10 
Fluoranthene BRL 10 
Pyrene BRL 10 
Benzo(a)anthracene BRL 10 
Chrysene BRL 10 
Benzo~b)fluoranthene BRL 10 
Benzo k)fluoranthene BRL 10 
Benzo(a)pyrene BRL 10 
Indeno(l,2,3-c,d)pyrene BRL 10 
Dibenzo(a,h)anthracene BRL 10 
Benzo(g,h,i)perylene BRL 10 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 20 18 90 % 60 - 140 % 
o-Terphenyl 20 19 94 % 60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes. Method Reference: Method B100 (Modified) - Polynuclear Aromatic Hydrocarbons, Test Methods for 
Evaluating Solid Waste, US EPA SW-B46 , Third Edition (19B6) . Modified in accordance with the Method for 
the Determination of Extractable Petroleum Hydrocarbons, MA DEP, Public Conrnent Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD04Bl 
Devens/ESPS Task 7 (DV5) 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

V~olati 1 e Petroleum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONC ENT RA TI ON MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH) BRL 

Targeted Volatile Organic Analytes 

13967-14 
VGl-0049-W 
07-30-96 
07-31-96 
08-05-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
Q;25 
5.0 

0.25 

PARAMETER CONC ENT RA TI ON 
(ug/L) 

REPORTING LIMIT 
(ug/L) 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED 

50 

MEASURED 

53 

BRL 
BRL 
BRL 
BRL 
BRL 
BRL 
BRL 

RECOVERY 

106 % 

25 
5 
5 
5 
5 
5 

10 

QC LIMITS 

60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Volatile Organic analytes. Method 
Reference: Method 8015 (Modified) - Nonhalogenated Volatile Organics by Gas Chromatography, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for the 
Determination of Volatile Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995). 



GROUNDWATER 
ANALYTICAL EPA METHOD 8100 (MA DEP Modified) 

Extractable Petroleum Hydrocarbons (GC/FID) 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBD05Xl 
Devens/ESPS Task 7 (DV5) 
ABB 
IL Glass/H2S04 Cool 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Extracted: 
Analyzed: 

Extractable Pet rol eum Hydrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTIPLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 9 to n-C 18 Aliphatics BRL 0.05 BRL 
n-C 19 to n-C 36 Aliphatics 1,600 0.005 7.8 
n-C 10 to n-C 22 Aromatics* BRL 1.0 BRL 

Extractable Petroleum Hydrocarbons (EPH) 7.8 

Targeted Polynuclear Aromatic Hydrocarbon Anal ytes 

13967-07 
EP-0123-F 
07-30-96 
07-31-96 
08-06-96 
08-12-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

25 
2.5 
500 

2.5 

PARAMETER CONCENTRATION REPORTING LIMIT 
(ug/L) (ug/L) 

Naphthalene BRL 10 
2-Methylna)hthalene BRL 10 
Acenaphthy ene BRL 10 
Acenaphthene BRL 10 
Fluorene BRL 10 
Phenanthrene BRL 10 
Anthracene BRL 10 
Fluoranthene BRL 10 
Pyrene BRL 10 
Benzo(a)anthracene BRL 10 
Chrysene BRL 10 
Benzo~b~fluoranthene BRL 10 
Benzo k fluoranthene BRL 10 
Benzo(a)pyrene BRL 10 
Indeno(l,2,3-c,d)pyrene BRL 10 
Dibenzo(a,h)anthracene BRL 10 
Benzo{g,h,i)perylene BRL 10 

QC SURROGATE COMPOUND SPIKED MEASURED RECOVERY QC LIMITS 

Chloro-octadecane 20 12 60 % 60 - 140 % 
o-Terphenyl 20 14 71 % 60 - 140 % 

BRL = Below Reporting Lim i t . *=Reported concentration excludes targeted Polynuclear Aromatic Hydrocarbon 
analytes. Method Reference: Method 8100 (Modi fi ed) - Pol ynuc lear Ar omatic Hydroca rbons, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Thi rd Edition (1986) . Modified in accorda nce with the Method for 
the Determination of Extractable Petroleum Hydrocarbons, MA DEP , Public Co1T111ent Draft 1.0 (1995) . 



GROUNDWATER 
ANALYTICAL EPA METHOD 8015 (MA DEP Modified) 

Volatile Petroleum Hydrocarbons (GC/PID/FID} 

Field ID: 
Project: 
Client: 
Cont/Prsv: 
Matrix: 

MXBDOSXl 
Devens/ESPS Task 7 (DVS} 
ABB 
40ml VOA Vial/Cool HCl 
Aqueous 

Lab ID: 
Batch ID: 
Sampled: 
Received: 
Analyzed: 

Vol ati 1 e~etrol etUTLHvdrocarbons 

TOXICITY EQUIVALENT 
PARAMETER CONCENTRATION MULTI PLIER CONCENTRATION 

(ug/L) (ug/L) 

n-C 5 to n-C 8 Aliphatics * BRL 0.5 BRL 
n-C 9 to n-C 12 Aliphatics BRL 0.05 BRL 
n-C 9 to n-C 10 Aromatics BRL 1.0 BRL 

Volatile Petroleum Hydrocarbons (VPH} BRL 

Targeted Volatile Organic Analytes 

13967-15 
VGI-0049-W 
07-30-96 
07-31-96 
08-05-96 

ADJUSTED 
REPORTING 

LIMIT 
(ug/L) 

2.5 
0.25 
5.0 

0.25 

PARAMETER CONC ENT RA TI ON REPORTING LIMIT 

Methyl tert-butyl Ether 
Benzene 
Toluene 
Ethyl benzene 
meta- and para-Xylene 
ortho-Xylene 
Naphthalene 

QC SURROGATE COMPOUND 

2,5-Dibromotoluene 

SPIKED MEASURED 

50 54 

(ug/L) (ug/L) 

BRL 25 
BRL 5 
BRL 5 
BRL 5 
BRL 5 
BRL 5 
BRL 10 

RECOVERY QC LIMITS 

108 % 60 - 140 % 

BRL = Below Reporting Limit. *=Reported concentration excludes targeted Volatile Organic analytes. Method 
Reference: Method 8015 (Modified) - Nonhalogenated Volatile Organics by Gas Chromatography, Test Methods for 
Evaluating Solid Waste, US EPA SW-846, Third Edition (1986). Modified in accordance with the Method for the 
Determination of Volatile Petroleum Hydrocarbons, MA DEP, Public Comment Draft 1.0 (1995) . 
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PROJECT OPERATION PLAN. ADDENDUM 
1996 FIELD SCREENING METHODOLOGY 

TARGET VOLATILE ORGAl'lIC COMPOUNDS(VOCS) 
ESTIMATION OF TOTAL VOLATILE PETROLEUM HYDROCARBONS(TVPH) 

Al'lD TOTAL EXTRACTABLE PETROLEID.il HYDROCARBONS(TEPH) 

1.0 Introduction 

Field screening procedures for Fort Deve ns remedial investigations are described in 
Section 4.6 of the Fort Devens Project Operation Plan (POP) (ABB-ES, 1995). 
Modifications to some of these field screening procedures have been made for tbe 
1996 field investigations. The purpose of this addendum is to outline modifications 
to field screening procedures that will be incorporated into the 1996 field program. 
Field screening gas chromatography (GC) procedures have been developed to 
provide on-site results for target volatile organics (VOCs) and estimates of total 
volatile petroleum hydrocarbons (TVPH) and extractable petroleum hydrocarbons 
(TEPH). The TVPH and TEPH measurements will provide an estimate of total 
hydrocarbons present in each fraction that are comparable to results generated using 
analytical methods developed by the Massachusetts Department of Environmental 
Protection (MADEP), however, TVPH and TEPH will be reported as a total 
concentration and not broken down into aliphatic and aromatic fractions as outlined 
in the MADEP methodology (MADEP, 1995). The purpose of the field analyses is 
to provide quick turnaround of analytical results for real time decision making during 
the field investigation. 

A summary of the field methodologies instrumentation, sample preparation, 
instrument calibration, target compounds and detection limits, sample quantitation, 
and analytical quality control analyses are presented below. 

2.0 Field Instrumentation and Analytical Methods 

Investigations at AOC 50 are driven by the potential presence of fuel hydrocarbons 
including benzene, toluene, ethylbenzene, and xylene (BTEX), and solvents including 
tetrachloroethene (PCE) and the de-chlorination degradation products 
trichloroethene (TCE), cis-1,2-dichloroethene, trans-1,2-dicbloroethene, and vinyl 
chloride in groundwater. Groundwater samples collected at AOC 50 will be analyzed 
using purge and trap Method 5030A and modified USEPA Method 8021A and 
modified USEPA Method 8015A (USEPA, 1995). As outlined in Method 8021A, 
BTEX compounds will be identified and quantified with a photoionization detector 
(PID) and the chlorinated solvents will be identified and quantified using an 
electrolytic conductivity detector (ELCD). As outlined in Method 8015, TVPH will 
be quantified using a Flame ionization detector (FID). Target compounds and 
reporting limits for AOC 50 groundwater samples are summarized in Table 1. For 
target compound analyses, analytical procedures for instrument calibration, sample 
identification, quality control blank analyses, and sample preparation will be 



consistent with those outlined in the POP. TVPH procedures are described below 
in Subsection 2.2. 

Investigations at AOCs 6 IZ and 63BD are driven by the potential presence of fuel 
hydrocarbons as a result of fuel oil and waste oil products releases to soil. Soil 
samples collected at AOCs 61Z and 63BD will be analyzed for BTEX, TVPH, and 
TEPH using a modified USEPA Method 8020A for BTEX, and modified USEPA 
Method 8015A for TVPH and TEPH. Soil samples analyzed for BTEX, and TVPH 
will be prepared using a methanol extraction as outlined in USEP A Method 5030A 
and the POP. Methanol extracts will be analyzed using purge and trap and GC/PID 
for BTEX, and purge and trap GC/FID for the TVPH. Soil samples analyzed for 
TEPH will be prepared using a methylene chloride micro-extraction technique and 
direct injection by GC/FID. A summary of target compounds and reporting limits 
for the soil analyses is presented in Table 1. 

Laboratory techniques used for sample preparation for the TEPH method, and 
calibration and sample quantitation procedures for the TVPH and TEPH methods 
are outlined in the following sections. 

2.1 TEPH Sample Preparation: 

Sample analysis and preparation techniques have been adapted from protocols outlined 
in SW-846 3rd ed. USEPA Methods 3550A (USEPA 1995). 

Soil Samples . Weigh 2 grams (± 0.1 g) wet soil into a 12 ml screw cap test tube. 
Spike the sample mixture with appropriate concentration of surrogate solution. For 
MS&ISD samples the appropriate aliquot of spike solution is added to the sample. Add 
approximately 2 grams of anhydrous sodium sulfate, N3.iSO4 (a drying agent) to the 
sample. With a Teflon spatula thoroughly mix the sample and sodium sulfate (break the 
sample up to form a uniform free flowing mixture). Add 10 mL of methylene chloride 
to the sample. 

Shake or vortex vigorously for 3 minutes to mix and extract the sample. The field 
chemist will pay close attention to the sample extraction to ensure that the soil and 
solvent are actively mixing during the 3 minute extraction. Allow the sample to stand 
and separate or centrifuge the sample to separate the solvent phase. Withdraw a the 
extract solvent and transfer the sample extract to a sample vial and cap, sample in now 
ready for analysis. 

Dilutions. If high concentrations of fuels are suspected, then samples should be analyzed 
prior to concentration, otherwise the extract can be diluted with methylene chloride to 
bring the target compound concentrations within the instrument calibration range. To 
dilute the sample, remove a measured quantity of extract and add to an appropriate 
volume of extraction solvent. The results of diluted samples will be adjusted for by the 
dilution factor. 



2.2 TVPH and TEPH Instrument Calibration 

Initial and continuing calibration will be established for TVPH and TEPH. A 
commercial gasoline standard will be used for TVPH calibration. A commercial Fuel 
Oil #2 or diesel standard will be used for TEPH calibration. The retention time markers 
identified in the 1V1ADEP methods to determine the retention times of the TVPH and 
TEPH determination will be used .to define the hydrocarbon molecular weight range of 
the TVPH and TEPH analyses. The hydrocarbon range quantified in the TVPH analysis 
will extend from 0.1 minutes before the marker compound pentane to 0.1 minute after 
naphthalene. The TE.PH hydrocarbon range quantified will extend from 0.1 minute 
before naphthalene to O .1 minute after hexatriacontane. The concentration of 
hydrocarbons in standards and samples will be determined based on the total baseline to 
baseline area response of the standards within the designated retention time widows. A 
three point initial calibration and continuing calibration will be conducted as outlined in 
the POP. The concentrations of TVPH and TE.PH will be added together to determine 
the total concentration of petroleum hydrocarbons present at a given sample location. 

3.0 Quality Control: 

Quality control steps outlined below will be conducted during the field analyses including 
an MDL study for target compounds, initial and continuing calibrations, method blank 
extraction and analysis with each sample batch, matrix spikes and field duplicate sample 
analyses, and evaluation of accuracy using a surrogate standard. 

• holding times: Soil: 14 days 
Water: 7 days 

• Surrogate %R goal of 50% ( <30% re-analysis limit) 
• MDL study (Appendix B part 136, CFR 40) 
• Initial calibration by linear regression (.95) or average response factor (RSD 

25 % ) with low standard at or near reporting limit 
• Continuing calibration each day and after 20 samples (30% difference) 
• Extraction blank (method blank) with each extraction batch prepared or daily with 

each purge and trap analytical sequence 
• Matrix spike/Matrix spike duplicates will be prepared by spiking 5 percent of 

samples with target compounds, a commercial gasoline standard, or a commercial 
diesel fuel standard, as appropriate for each analysis, at approximately the mid­
range of the calibration curve. Percent recoveries (%R) and relative percent 
difference (RPD) will be used to evaluate the accuracy and precision of 
measurements and to qualify results. Percent recovery goals: 60 % to 140 % ; 
RPD < 20 

• Field duplicates will be submitted to the field laboratory routinely during the 
program. Relative percent difference of the duplicate results will be used to 
evaluate the precision of field measurements and qualify results. RPD goals are 
30 % for aqueous samples and 50 % for soil samples. 



4.0 Data Review and Reporting: 

The field chemist will review results based on project data quality control goal outlined 
above. Sample results not meeting data quality control goals will be qualified as outlined 
below: 

Qualification flags for data evaluation 

(J) The J flag is used to indicate estimated data. This can occur when a 
compound does not meet calibration criteria for initial calibration, 
continuing calibration, or both. 

(B) The B flag is used when a target compound is detected in an associated 
method blank. All values within five times of the method blank result are 
flagged. 

(E) The E flag is used to indicate estimated data. The flag is used when a 
compound is detected at a concentration that is above the highest 
calibration standard. 

(S) The S flag is used when the associated surrogate recovery is less than 
50 % . For soils the surrogate recovery must be greater than 50 percent for 
results to go unqualified, however, re-analysis will only occur if 
recoveries are less than 30 % . 

Matrix spike and field duplicate results will be tabulated and summarized on an ongoing 
basis during the field program. Results will be used by the field chemist, FOL, and 
project manager on an ongoing basis to evaluate the usability of results. Associated field 
sample results presented in the final data reports may be qualified based on the judgement 
of the field and project chemist. 

References: 

Massachusetts Department of Environmental Protection (MADEP), 1995. "Method for 
the Determination of Extractable Petroleum Hydrocarbons (TEPH); Division of 
Environmental Analysis; Office of Research and Standards; Bureau of Waste Site 
Cleanup; August 1995. 

Massachusetts Department of Environmental Protection (MADEP), 1995. "Method for 
the Determination of Volatile Petroleum Hydrocarbons (TVPH); Division of 
Environmental Analysis; Office of Research and Standards; Bureau of Waste Site 
Cleanup; August 1995. 

U.S. Environmental Protection Agency (USEPA), 1995. "Test Methods for Evaluating 
Solid Waste"; Laboratory Manual Physical/Chemical Methods; Office of Solid Waste and 
Remedial Response; Washington, DC; SW-846; November 1986; Revised January 1995. 



6/12/96 

TABLE 1 
SUMMARY OF TARGET COMPOUNDS AND REPORTING LIMITS 

1996 FIELD SCREENING PROGRAM 
FORT DEVENS REMEDIAL INVESTIGATION 

~11,1@~t AnaJJt~1&mrtt@M&Wtmum@w~tmt1ts~~&1~1mui@rn~@r,[~t~ig1:aN 

Benzene 
Toluene 
Ethyl benzene 
m/p-xylene 
o-xylene 
Tetrachloroethene 
Trichloroethene 
cis-1,2-dichloroethene 
trans-1,2-dicholorethene 
Vinyl chloride 
TVPH 
TEPH 

Notes: 
NA = soil not analyzed 
µg/g = microgram per gram 
µg/L = microgram per liter 

0.25 
0.25 
0.25 
0.5 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
6.25 
100 

2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
50 
NA 

Book1 



6/12/96 

TABLE 1 
SUMMARY OF TARGET COMPOUNDS AND REPORTING LIMITS 

1996 FIELD SCREENING PROGRAM 
FORT DEVENS REMEDIAL INVESTIGATION 

Benzene 
Toluene 
Ethylbenzene 
m/p-xylene 
a-xylene 
Tetrachloroethene 
Trichloroethene 
cis-1,2-dichloroethene 
trans-1,2-dicholorethene 
Vinyl chloride 
TVPH 
TEPH 

Notes: 
NA = soil not analyzed 
µg/g = microgram per gram 
µg/L = microgram per liter 

0.25 
0.25 
0.25 
0.5 

0.25 
0.25 
0.25 
0.25 
0.25 
0.25 
6.25 
100 

2 
2 
2 
4 
2 
2 
2 
2 
2 
2 

50 
NA 

Book1 
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AQUIFER TESTING COMPLETION CHECKLIST 

AQUIFER TEST NO. 
,;: . ,.,, . , 

:. SETUP -. f' 
,, .. 

DATE· .' .. BYWHOM ~ .. t .. 
-· 

, . 
"Jl/{___ ' , 

MONITORING WELL ID tLi~- \ ll tc (,,,1 - I 

DATE OFTEST ~ l ,.s-/~r. /tJ/✓ .J-/2 ~ 
TYPE OFTEST /4 s, f\J t. ~ 51/l/ l 

HERMIT TYPE/SERIAL# 1·~- \.{8 D 
::;:> 

TEST# S'Ft_ -zrt' / ~~,_,(__ # . 7-- / / 
DATA COLLECTION RATE Lt>er T 

TRANSDUCER < .. 

SERIAL# ~Ybt>'-1 -,) 

PSIG Lo "."} 

SCALE FACTOR t,O.DC'o~), ) 

OFFSET _'i'),7...0S- - ---:> 
INPUT CHANNEL \ l 

'TESTDATA 

INPUT MODE (TOC/SUR) $ ..;1t..._ 

STATIC WATER LEVEL (Ff./TOC) ZS":"ffl 
WELL DEPTH (FT./TOC) ·;, i..(_ ~ 

XD DEPTH (Ff.TOC) 33. + 
INITIAL XD REFERENCE e .It?:. g . l-=1--
SLUG DEPTH (FI'./TOC) ·u,. ;Jn,-i 27- /3-nvt 
TIME OF SLUG PLACEMENT ~ /,(/~ /i.'33 
TIMEOFWLEQUILIBRATION ~~ /(,If /(_ 3'--/ 

NEW XO REFERENCE () D 
START TIME OFTEST [7>fL~'d°d 1,2-o /t,3::,.... 
END TIME OF TEST /t. 1 o /:.'. </0 

NOTES: ltk. - 0 ,.d/J'-1 . 

I 

ABB Environmental Services, Inc.-

r 
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AQUIFER TESTING COMPLETION CHECKLIST 

AQUIFER TEST NO. 
' . •· I,;,, 

.:,-; I . • 

,sE'tj:JP· . . .· DATE. 
. 

B~OM ;· ..... ·: : .. i 

., . ' . J ~c_ , " . 

MONITORING WELL ID #?7n - 7b·_ ul,k LJ~~-7~-0/V 
DATEOFTESr /. d // .51/? I' ",.:1,//s/f, 
TYPE OFTEST /4?.-s,,-//4 /4.9,,,,- \,.. 
HERMIT TYPE/SERIAL# /4_·%$ - $-180 
TEST# 5~i #rY / q(t,, ~lb 
DATA COLLECTION RATE /x 

,,. "" .. 
TRANSDUCER . 

. . .. -

SERIAL# ·2.-.::> '/ tf () L/ 
PSIC /0 

SCALE FACTOR /(} . 0 6'6 .:; 
OFFSET c).2.,.)'}" 

INPUf CHANNEL J 
TESTDATA 

INPUf MODE (TOC/SUR) S-4 
STATIC WATER LEVEL (Ff./TOC) z "· 3r 
WELL DEPTii (Ff./TOC) 7Y,1/J 

XO DEPTH (Ff.TOC) 33.r 
INITIAL XD REFERENCE f:'o+ ~-::oc:d 
SLUG DEPTii (Ff./TOC) 2-~ ., /Sll> /<.... 2-$3- ,, 6 7a T( 

TIME OF SLUG PLACEMENT /e.~1 /eY s 
TIMEOFWLEQUILIBRATION /-?:; C /Sv·s,,-

NEW XD REFERENCE t::J , t) I c.) 

START TIME OFTEST . ., ~"" ..... !. /<? .i C /q~S-

END TIME OF TEST /ev/ A- /~VS 
NOTES: t>- - c). (.) 1/J'C,, 

:, / ·1 

Post-it® Fax Note 7671 
loate l o\8ks► ~31 pag BB Environmental Services, Inc. 

To v",,r, ;::?S779.1'i3 !From er:___ 1 ,(J~Q 

Co./Dept. Co. 

Phone# 
Phone# 

Fax# 
Fax# 
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AQUIFER TESTING COMPLETION CHECKLIST 

AQUIFER TEST NO. 

,_:;; ·, .. , .. 
;. ' ~'. ") ,. :.. .. . 
.snyp "' . . . ~· DATE .: .. BYWHOM , 

' .. ,, Pit.. , 
'" .. ' 

MONITORING WELL ID t3 01n - Ct l .: t ~ - ---'5 

DATE OFTEST I u / , :;- /'i (. ~ 

TYPE OFTEST ~ ~ I /'I(, tk,J\-0 s 
HERMIT TYPE/SERIAL# I I-CC. - 'i <d.b - --;:, 
TEST# ~iz'Li=IIO / S,;L #-I { 

_.,,., 

DATA COLLECI10N RATE l.A)L ~ 

TRANSDUCER . .. 
.. .. 

SERIAL# 2 o<-/C.o'--1 :'.:> 

PSIG (D ~ 
~ 

SCALE FACTOR Io .o<.,~~ cc--

OFFSET --o-z,c,-;- ~ 

INPUf CHANNEL I - ~ 

TESTDATA 

5v1'l.. 
>-. 

INPUf MODE (TOC/SUR) ;:> 

STATIC WATER LEVEL (Ff./TOC) 2B.-eo i~'?__ :.> 
WELL DEPTI-I (FT. /TOC) 3'-£ - g. ,,;;- -
XO DEPI'H (Ff.TOC) 3'$.f:. s ::::> 

INITIAL XO REFERENCE -s-, 1i/ s;-:,~ 
SLUG DEPrH (FT./TOC) ·Z.'i 'uP(\. ?~ ~ ,d7l}( f..... 

TIME OF SLUG PLACEMENT i~7~ /9-s t-
TIMEOFWLEQUILIBRATION l'?-31..1 /9.J& 
NEWXDREFERENCE O. ol .. 0, OI 

START TIME OFTEST / ?J I /-:Wl' 

END TIME OF TEST /-:, ~ ~- I'? '-13 

NOTES: u~-., _ D- v'-' $'-( 

. --·1 

ABB Environmental Services, Inc.-
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AQUIFER TESTING COMPLETION CHECKLIST 

AQUIFER TEST NO . c> 

. ,, ,, ~-
. · ... 

-SETUP , , .;-_ ~ . -·• •''DATE" c" BYWHOM . . .. 
' .. ,.: ' 

t. ~ ·---:Jc1C . .. 

MONITORING WELL ID ,8!)r1 - 96 - 0 J y 0Dh- '7(:.-0~~ 

DATEOFTEST / ofaY /,, i ~Jr£' 
TYPE OFTEST 12, ~//Vt ff6/k7 - i---1 

HERMIT TYPE/SERIAL# /,._5,/"v . ,, ,. .,._.c_ 
/ ~/J - v5'c., ., -TEST# 51'( 0 l't-'<.. # :; 

.. 
b 

DATA COLLECTION RATE lo& /-;;( 

' : TRANSDUCER ·• .. 
•· .. 

SERIAL# 1,,,0 <IC. 0 y --~ 
PSIG lo c:::--;, 

SCALE FACTOR /l,O(fl.J ,- >-~ 

OFF'SET - o. ·2-<:>s - ---'"'5 
INPtrr CHANNEL I :::::.::> •' 

TEST DATA 

INPtrr MODE (TOC/SUR) ..5'v.,~ .s~ ,?__ . 

STATIC WATER LEVEL (FT./TOC) Z-=1- - ?f'°'t:J~1l. -2 '!- c B~--L.. ;:> 

WELL DEPTH (Ff./TOC) 3'-1 . es- '3'-f. ~ .,_;- ......... 
-

XD DEPTH (FT.TOC) 
,_ 

3> . 'iSS- 3 J> . e. ~">-

INITIAL XD REFERENCE S-: oq ,., - _::,,-. e. 3 ) 

SLUG DEPTH (FT./TOC) ze -n 'f.,.n,<- z.._8 -~;l 1 

TIME OF SLUG PLACEMENT /'l > /(_"S"r - ,__ (-: l 

TIMEOFWLEQUILIBRATION /Gt> /~ - I ~ 

NEW XD REFERENCE 0 0 C. 

START TIME OFTEST ,iii 5,- /t,=1-- I ~ 
END TIME OF TEST I~ l".1- l'h~ l~ 

NOTES: t;_,,-,,.,6',9,4 l'f ,, ul./JY 

I 
-ABB Environmental Services, Inc .. 
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AQUIFER TESTING COMPLETION CHECKLIST 

AQUIFER TEST NO . 

.. ' .,. . . 
' ;::· ., ~ .. : 

SETUP \ l 
J.. :· DATE'. .. , BYWHOM .. ~ ~ < ., .. 

>' .. 

MONITORING WELL ID &Dh - 1 (,. - Q Y. \3 

DATE OFTEST rol1'1h'-
TYPE OFTEST ~SINl.r 
HERMIT TYPE/SERIAL# /IJ yn,, IA>•· .:... 

~-13, -'-({Jo 
~ 

TEST# SvL ./:1-r, 
DATA COLLECTION RATE t,,ot. 

TRANSDUCER 
.. . . ' .. ~ 

,. _, 

SERIAL# ·Z,:,'-/ '7o'/ 
PSIG /i:> 
SCALE FACTOR /0, ~~..l 

OFFSET - 0. Z,o~ 

INPUf CHANNEL I 
TESTDATA ' 

INPUf MODE (TOC/SUR) Surz. 
STATIC WATER LEVEL CFI'./TOC) 2-B. o'-
WELL DEPTH (FI'. /TOC) _ss: z &73fl.... 

XD DEPTH (Fl".TOC) t/v b7tx7-

INITIAL XD REFERENCE //. S7J 
SLUG DEPTH (FI'./TOC) ~ I /!:J/lJ.J(Z_ 

TIME OF SLUG PLACEMENT 1tJo/ 
TIMEOFWLEQUILIBRATION I 80::J 

NEW XO REFERENCE 0 

START TIME OFTEST /f;og 
END TIME OF TEST /g/t/ 

NOTES: L<"->~n -o_oL.f.-r/ -~ 
(0 60 

ABB Environmental Services. Inc 

. 

I 



(-

' '--

i 
! 
€ 

AQUIFER TESTING COMPLETION CHECKLIST 

~"'uu· w&,.&.a..,.J.&J."I'....,. 

1> 
' 

' -~ .. 
""~ ~ 

.. 
·sETUP-·. .•. ~- ··o;TE''· . BYWHOM 

' . ,· 
(t, i 'tf./tt .. ·--:77J'---. 

MONITORING WELL ID fjtJ~, tr''( (....""//S 

DATE OFTEST /u /;,_,/ft . I 

TYPE OFTEST fl 1';11tl ~,vl. 

HERMIT TYPE/SERIAL# /lo.I .fl n, ,/()PP'-

I K1J - i/"J I) ) 

TEST# / S'vl.- i/ --S/1-t.. 3 
DATA COLLECTION RATE /Al 

.. ., 
TRANSDUCER . .' 

' 

SERIAL# 'Zv'-/t O'/ 
PSIG /I} 

SCALE FACTOR lv. 6S!. 
OFFSET -i).Z,CS-

INPtrr CHANNEL I 

"TESTDATA 

INPtrr MODE (TOC/SUR) ~ 
STA TIC WATER LEVEL (Ff. /TOC) U o<. 
WELL DEPTH (FT./TOC) 57- z_ ~Jo~ 

XD DEPTH (FT.TOC) ~(7\,r<--t/1> ~ 
INITIAL XD REFERENCE //.Sb // '1'7 
SLUG DEPTI-1 (FT./TOC) 2-..:2 ( 

TIME OF SLUG PLACEMENT ~i~1~,,- /fl o I 
TIMEOFWLEQUILIBRATION ,-:r .s.&. 
NEWXDREFERENCE 0 D 

START TIME OFTEST J-=1--5'- I '?. C \ 

END TIME OF TEST 1--::,.n l~o(.,, 

NOTES: i.,il'V6/hf-1N - • O'-/ JV 
-

ABB Environmental Services, Inc. 
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AQUIFER TESTING COMPLETION CHECKLIST 

AQUIFER TEST NO. / 

; 
~ ' 1 • : .\'✓.,, ; ; 

--
SETUP '· '~- ,, DATE' . ·-, BYWHOM 

" 
'• 

.. . -

MONITORING WELL ID ~///? - ?t - ot/1> 
DATE OFTEST /~~f'/:'?( 

TYPE OFTEST P'?r ~ / N6 ~/4?' ,::i4 ~~/ .,,,,,:;, /h~ 

HERMIT TYPE/SERIAL# I"'"'- 5,.-n, ro~e, <-
/ u./3 'lllc.J ./ 

TEST# 
.,. 

/ 5ec. I <;µ_ -z... 
DATA COLLECTION RATE ?,;J(., 

. .. 
TRANSDUCER 

. . 
... }•)' 

SERIAL# '2-:,q~v'/ 

PSIG /o 

SCALE FACTOR /o. o"gs 
OFFSET ~ o. 'U:>~ 

INPUI' CHANNEL I 
TESTDATA 

INPUI' MODE (TOC/SUR) fF;..t Su1c... 
STATIC WATER LEVEL (FT./TOC) ze .ol.. z_,,:e. oc. 

WELL DEPTH (FT./TOC) ~'2. ~,-c..... 

XD DEPrH (FT.Toe) "3t5 
INITIAL XD REFERENCE I/ 't'f //, 1/'1 

SLUG DEPTH (FT./TOC) ?,'6 ·· 3S 
I 

~- /7-15"" 1:/;r TIME OF SLUG PLACEMENT rr7-6' 

TIMEOFWLEQUILIBRATION lrZ-> /?3£--

NEW XO REFERENCE D 0 

Sf ART TIME OFTEST /7-Z,,,o /~~~ 

END TIME OF TEST / 7.5 ~ ;"-1--vr.,, 

NOTES: I iw-5~, TY ; CJ'f) ~1 

·, 
I 

ABB Environmental Services, Inc.-
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AQUIFER TESTlNG COMPLETION CHECKLIST 

AQUIFER TEST NO. 

' '. ·-..· t :-~: ;.:,.-.. 

SETUP . ;· ;, . •. ~- . ,., ' ,.• . ~.. . ) ·••,· 
• > , · ·' .. DATRI BYWHOM , t~· . 

· -. 'Iii• -"72-1 c.:. .. , 

MONITORING WELL ID l>Pn- 'lt. -o* -. ,-~ 

DATE OFTEST /,:./1'..S- J~c /u/1'.J /:,c 
TYPE OFTEST 12~s11"" 1-/6/tv:' -1-> 
HERMIT TYPE/SERIAL# /Kl)- <-f8u - ~ [/ 

TEST# ,;-£", "ff /7-... / S~<... d r .> / 
DATA COLLECTION RATE i,o& - ~....., . 

.. , . ,. ,. 
TRANSDUCER - " · 

SERIAL# ,Z,..OL-\ (.OY ·,1 

to 
__,,.,. 

PSIG -- / 

SCALE FACTOR ID .vGCd J - --~ 
OFFSET - o.·~~ -- ~- 7 
INPUT CHANNEL I .,, 

TEST DATA 

'-- --"') 
INPUT MODE (TOC/SUR) 5t,,/c 

STATIC WATER LEVEL (FT./TOC) ze. 3 S--J$1b~. _ i--""-

WELL DEPTH (FT./TOC) 3S-. l7...../3Tt::>i<- - ,__---, 

XO DEPTH (FT.TOC) jL/ 3Y 
INITIAL XD REFERENCE S-57 5- -:;-, 
SLUG DEPTH (FT./TOC) ;,.) ·.31 
TIME OF SLUG PLACEMENT l?S-S /f:!,o.:,-

TIMEOFWLEQUILIBRATION /tS-1 leoG 

NEW XD REFERENCE 0 0.81 
START TIME OFTEST /~ /Eloti 
END TIME OF TEST /&'():> /&10 

NOTES: 
Jt,i:771 ._t),cJ'-(JI., l,IN 

. ·1 

ABB Environmental Services, Inc.-



CALCULATION OF HYDRAULIC CONDUCTIVITIES USING THE HVORSLEV EQUATION 
AOC 63BD REMEDIAL INVESTIGATION 

DEVENS, MASSACHUSETTS 

K = -[(LOG Htl - LOG Ht2)/(tl - t2)]{[(r)"2 LOG (L/R)]/2L} 

WHERE: 

WELL 
1666W-1 
1666W-l 
BDM-96-0lX 
BDM-96-0lX 
BDM-96-02X 
BDM-96-02X 
BDM-96-03X 
BDM-96-03X 
BDM-96-03X 
BDM-96-04B 
BDM-96-048 
BDM-96-048 
BDM-96-048 
BDM-96-04B 
BDM-96-05X 
BDM-96-05X 

t1 = TIME 1 (MINUTES) 
t2 = TIME 2 (MINUTES) 

Htl = HEAD STRESS AT TIME 1 (FEET) 
Ht2 = HEAD STRESS AT TIME 2 (FEET) 

r = RADIUS OF WELL CASING (FEET) 
R = RAD US OF BOREHOLE (FEET) 
L = EFFECTIVE SATURATED LENGTH OF SCREEN (FEET) 

t1 t2 Htl Ht2 r 
0.07 0.11 0.15 0.051 0.29 

0.0766 0.11 0.172 0.06 0.29 
0.0933 0. 1533 0.137 0.031 0.29 

0.1 0.1666 0.13 0.028 0.29 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
NA NA NA NA NA 
0.0833 I 1.98 0.064 0.08 

0.5 1 0.367 0.038 0.08 
0.5 1 0.52 0.079 0.08 
0.5 1 0.44 0.099 0.08 
0.5 1 0.578 0.13 0.08 

0.04 0.05 0.27 0.031 0.174 
0.03 0.0466 0.475 0.028 0.174 

R L TYPE K(FT/MIN) 
0.46 9.2 RISING 7.0E-02 
0.46 9.2 RISING 8. lE-02 
0.46 6.06 RISING 8.4E-02 
0.46 6.06 RISING 7.8E-02 

NA NA RISING NA 
NA NA RISING NA 
NA NA RISING NA 
NA NA RISING NA 
NA NA RISING NA 
0.29 15.5 RISING 5.8E-04 
0.29 15.5 RISING 7.0E-04 
0.29 15.5 RISING 5.8E-04 
0.29 15.5 FALLING 4.6E-04 
0.29 15.5 FALLING 4.6E-04 
0.29 6.77 RISING 2.9E-0l 
0.29 6.77 RISING 2.3E-0l 

K(CM/SEC) 
3.5E-02 
4.IE-02 
4.2E-02 
4.0E-02 

NA 
NA 
NA 
NA 
NA 
2.9E-04 
3.6E-04 
3.0E-04 
2.3E-04 
2.3E-04 
1.5E-0l 
l.2E-0l 



1666W-1 RISING HEAD PERMEABILITY TEST No. 1 

1 ~ ----------------- .+---- ---------- - I ---------------1---------- -- -----!--------------
- ----------+--------------+--- - -------1 

--'---·•-·-------t--~-=--=--=--=--=--=--=--=--=-=---=--=-=-=-=-=--=~rl =-=------.--.- ---·--=~-•----ti---------------/ ~-·---- -- ----------- I 

I IH--f\--1;-------T I 

I - +-------4-------1 -------------
I 

I 
I - ·- T : ----··-·-·----- _, 
I I I 

p O. I LJL_J\ ---------~---------------------1 _________ __________ ____ } _______________ l ___________ _ 
~ ~:~ -t \ I I - ·- ··-------~+-----------:.=-=--=-·=: _____ ::._, 

~ 
~ 
~ 
~ 

---- ·- -----·- ·--~---
·•-----t- .. -••-'111!.----~---;~---------- -----· ______ , , __ ,. __ _ 

+1· -----------ti-------~===]: -~-~--
1 ' --- : : --

~ -t-1 ,,__ i I 7----- ---"----t-- -i-- \--liu-b . I 

o 0.01 r ----,-- -r= :x 1 1.-.. ~ I ------------------- ---:J-_______ -- - · --" 
) 

0.001 "-----'-----'----'-......___......______,____ .L....;....___.____.._ _ _,_____.__.._____.____.._ _ _,_____.__ .,____,_____._ _ _.____._____, 

0.0 t1 t2 0.2 0.4 0.6 0.8 1.0 

TIME (MINUTES) 
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BDM-96-0lX RISING HEAD PERMEABILITY TEST No. 1 

1 ~ IF _________ J -----------
I I : I 

---L------------------j I ---r----------------------· +- --·--- I 
I 

l - -

~ -- ~ I I - - ··- - ··-- l · . --- .. -----. I i I -- -·----·- ·-I : I 

\\ + ·--·- --· I I --------
I I ------,.__ - -\\ I I 
I I - - -- ·· \ -
I 

-r 
I i I 
I -

,--.._ 
E--4 

0.1 ~ .,._,,, ' 
I I I 
I I I I 

\ ----------+---------
I I 

i-----------------~ 
I 
I -- -----L----------------I ·---·-- " ' 

I ·- I I ·------ -

~ 
~ 
~ 
~ 
Q 0.01 

"}. : : I 
~ --·-- - - \ .. ·- •- ·--· .... - -

I I I ---------~ 

---·- \. I I I I ·--•-----
\. ! I I 

i -- · ·-, I I I 
I I I ---- - .. --.. - ·---·-·· - -

~ I I I I 
I 

\~1 
I I - ------
I I 
I I 
I I I 
I I 
I I I 

---- I I - ------- , --------------r -------i ----,----- --- ___ __. 

" 
·- -- --- -- I --f-\ : ,·nn I j 

·- •-
Ill I I I ·-·-· {\ -·--- f -I \ I I 

\ I \ ·-- -: I I 

I \ I I I j \ _i_ I I I 

I 

\ - I + . - -· : I I I 
I I I I 
I I I I -- ----
I ,\, I I I 

I 
I I I 
I 

i l I I I I I I I I I I I I I I 0.001 
0.0 t1 tl 0.2 0.4 0.6 0.8 1.0 

TIME (MINUTES) 
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BDM-96-03X RISING HEAD PERMEABILITY TEST No. 2 

I - ---·-·---------- ----~--
1--------------- ---- i-----------------1----

--------

-- -----ft - --....... --------------•------ --------------------- ------11•-Nr -
I I 
I I 

~ L-------- JI \ l lllltiii('M. ·· ... ~ 0 .1 ----- ----~1--------- I ,,,.,,,,/:<81//:,»N/::f.,,, h ,;, 9.-!&l!t'!, 
E:::, 1\ -------------~------------------------------~---------------------

~ t--- ·•-•---- -\-+:r_ -~-----,\---- _ , 

< t---- --- ! [ ~ - - ---:r----+ --~ - : ~ I :- · 

cs 0.01 ------------------- ____ l I - - I ------- ---- ---- -------- -·---

----f-----t-------~---t------t------1----------t!r~ ~ I '• I ~ -/---- ---, 

--7-------+--+----+----------+----------

t 
I 
I 
I 

0.001 .____ __ ____,_ _ __ __..__ ___ _._____ __ ___.__ ___ -----'-----___ _._____ __ ____._ ___ ___, 

0.00 0.05 0.10 0.15 0.20 

TIME (MINUTES) 
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BDM-96-04B RISING HEAD PERMEABILITY TEST No. 1 

T 
1 I- ----- ---~ --·---1 ------------------+---------

____ 1--· 1-·---.. -- -1 , --- -~-- - ··- l 
----L I ·-- I 

- -- l - ·-•--·•i-··--· 

....--=====-=~~~~E __ I 
f--- 1 •--- ---- ;-..:'.I':::--- ----- -=-------
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0.01 

v.vvi. 

----- =---====--· 

f=- ~~--=i=~--=~-~---~=-~~1:~-==-~=:~~~~-~--~]~~~~~-=-=:__ =---=:=-=•----1--
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---- -------
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1 c.---------1--------- 1 :s;: I 
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__... 
0.5 ~-. -- t2 ....-- . 1.0 1.5 2.0 

TIME (MINUTES) 



BDM-96-04B RISING HEAD PERMEABILITY TEST No. 2 

I I --- I 
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TIME (MINUTES) 
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BDM-96-04B RISING HEAD PERMEABILITY TEST No. 3 
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TIME (MINUTES) 
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BDM-96-04B FALLING HEAD PERMEABILITY TEST No. 1 
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1666W1 

1666W-1 Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0 0 
0.0033 -0.51 0.51 
0.0066 -1.056 1.056 

0.01 -0.497 0.497 
0.0133 -0.21 0.21 
0.0166 0.255 0.255 

0.02 -0.035 0.035 
0.0233 -0.424 0.424 
0.0266 -0.615 0.615 

0.03 -0.679 0.679 
0.0333 -0.759 0.759 
0.0366 -0.813 0.813 

0.04 -0.666 0.666 
0.0433 -0.555 0.555 
0.0466 -0.462 0.462 

0.05 -0.386 0.386 
0.0533 -0.319 0.319 
0.0566 -0.271 0.271 

0.06 -0.236 0.236 
0.0633 -0.201 0.201 
0.0666 -0.169 0.169 

0.07 -0.15 0;·15 
0.0733 -0.127 0.127 
0,0766 -0.121 0.121 

0~08 -0.108 ,0.108 
0~0833 -0.095 .o:·095 
0.0866 -0 .089 0;089 

0;09 -0.082 0:082 
0.0933 -0.076 -0.016 
0.0966 -0.06.7 ,0.067 

0.1 -0.067 0.067 < 

0.1033 -0.06 0:06 
0.1066 -0.057 0.057 

0.11 -0.051 0.051 
0.1133 -0.051 0.051 
0.1166 -0.047 0.047 

0.12 -0.047 0.047 
0.1233 -0.044 0.044 
0.1266 -0.041 0.041 

0.13 -0.041 0.041 
0.1333 -0.038 0.038 
0.1366 -0.038 0.038 

0.14 -0.035 0.035 
0.1433 -0.035 0.035 
0.1466 -0.035 0.035 

0.15 -0.031 0.031 
0.1533 -0.028 0.028 
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1666W1 

1666W-1 Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.028 0.028 
0.16 -0.028 0.028 

0.1633 -0.031 0.031 
0.1666 -0.028 0.028 

0.17 -0.025 0.025 
0.1733 -0.028 0.028 
0.1766 -0.025 0.025 

0.18 -0.022 0.022 
0.1833 -0.025 0.025 
0.1866 -0.022 0.022 

0.19 -0.028 0.028 
0.1933 -0.022 0.022 
0.1966 -0.022 0.022 

0.2 -0.022 0.022 
0.2033 -0.022 0.022 
0.2066 -0.019 0.019 

0.21 -0.019 0.019 
0.2133 -0.019 0.019 
0.2166 -0.022 0.022 

0.22 -0.019 0.019 
0.2233 -0.015 0.015 
0.2266 -0.019 0.019 

0.23 -0.019 0.019 
0.2333 -0.022 0.022 
0.2366 -0.009 0.009 

0.24 -0.019 0.019 
0.2433 -0.012 0.012 
0.2466 -0.015 0.015 

0.25 -0.012 0.012 
0.2533 -0.015 0.015 
0.2566 -0.025 0.025 

0.26 -0.019 0.019 
0.2633 -0.012 0.012 
0.2666 -0.012 0.012 

0.27 -0.012 0.012 
0.2733 -0.012 0.012 
0.2766 -0.015 0.015 

0.28 -0.006 0.006 
0.2833 -0.009 0.009 
0.2866 -0.019 0.019 

0.29 -0.012 0.012 
0.2933 -0.015 0.015 
0.2966 -0.015 0.015 

0.3 -0.012 0.012 
0.3033 -0.009 0.009 
0.3066 -0.012 0.012 

0.31 -0.009 0.009 
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1666W1 

1666W-1 Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 -0.009 0.009 
0.3166 -0.012 0.012 

0.32 -0.009 0.009 
0.3233 -0.012 0.012 
0.3266 -0.015 0.015 

0.33 -0.012 0.012 
0.3333 -0.009 0.009 

0.35 -0.012 0.012 
0.3666 -0.012 0.012 
0.3833 -0.012 0.012 

0.4 -0.009 0.009 
0.4166 -0.012 0.012 
0.4333 -0.009 0.009 

0.45 -0.009 0.009 
0.4666 -0.009 0.009 
0.4833 -0.009 0.009 

0.5 -0.003 0.003 
0.5166 -0.006 0.006 
0.5333 -0.009 0.009 

0.55 -0.009 0.009 
0.5666 -0.006 0.006 
0.5833 -0.006 0.006 

0.6 -0.009 0.009 
0.6166 -0.006 0.006 
0.6333 -0.006 0.006 

0.65 -0;009 0.009 
0.6666 -0.009 0.009 
0.6833 -0.006 0.006 

0.7 -0.006 0.006 
0.7166 -0.006 0.006 
0.7333 -0.006 0.006 

0.75 -0.003 0.003 
0.7666 -0.006 0.006 
0.7833 -0.006 0.006 

0.8 -0.006 0.006 
0.8166 -0.006 0.006 
0.8333 -0.003 0.003 

0.85 -0.003 0.003 
0.8666 -0.006 0.006 
0.8833 -0.006 0.006 

0.9 -0.009 0.009 
0.9166 -0.009 0.009 
0.9333 -0.006 0.006 

0.95 -0.006 0.006 
0.9666 -0.009 0.009 
0.9833 -0.006 0.006 

1 -0.006 0.006 
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1666W1 

1666W-1 Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 -0.006 0.006 
1.4 -0.006 0.006 
1.6 -0.006 0.006 
1.8 -0.009 0.009 
2 -0.006 0.006 

2.2 -0.006 0.006 
2.4 -0.003 0.003 
2.6 -0.003 0.003 
2.8 -0.003 0.003 
3 -0.003 0.003 

3.2 -0.006 0.006 
3.4 -0.006 0.006 
3.6 -0.006 0.006 
3.8 -0.006 0.006 
4 -0.003 0.003 

4.2 -0.006 0.006 
4.4 -0.003 0.003 
4.6 -0.006 0.006 
4.8 -0.006 0.006 
5 -0.006 0.006 

5.2 -0.006 0.006 
5.4 -0.009 0.009 
5.6 -0.006 0.006 
5.8 -0.006 0.006 
6 -0.003 0.003 

6.2 -0.006 0.006 
6.4 -0.006 0.006 
6.6 -0.003 0.003 
6.8 -0.006 0.006 
7 -0.003 0.003 

7.2 -0.003 0.003 
7.4 -0.006 0.006 
7.6 -0.003 0.003 
7.8 -0.006 0.006 
8 -0.003 0.003 

8.2 -0.006 0.006 
8.4 -0.006 0.006 
8.6 -0.006 0.006 
8.8 -0.006 0.006 
9 -0.006 0.006 

9.2 -0.003 0.003 
9.4 -0.006 0.006 
9.6 -0.006 0.006 
9.8 -0.009 0.009 
10 -0.009 0.009 
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1666W18 

1666W-1 Rising Head Permeability Test No. 2 

Time (min) Delta H {ft) Absolute 
Value H (ft) 

0 -0.006 0.006 
0.0033 -0.006 0.006 
0.0066 -0.006 0.006 

0.01 -0.006 0.006 
0.0133 -0.003 0.003 
0.0166 -0.009 0.009 

0.02 -0.644 , 0.644 
0.0233 -1 .059 1.059 
0.0266 -1.033 1.033 

0.03 -0.922 0.922 
0.0333 -0.306 0.306 
0.0366 0.022 0.022 

0.04 -0.472 0.472 
0.0433 -1.001 1.001 
0.0466 -0.797 0.797 

0.05 -0.67 0.67 
0.0533 -0.567 0.567 
0.0566 -0.472 0.472 

0.06 -0.398 0.398 
0.0633 -0.328 0.328 
0.0666 -0.277 0.277 

0.07 -0.236 0.236 
0.0733 -0.197 0.197 
0.0766 -0.172 0.172 

0.08 -0.146 .0.146 
0:0833 -0:134 0.1'34 
0.0866 -O.t24 0.f24 

0;09 -0.105 0.:10~ 
0:0933 -0.098 0.09.8 
0;0966 -0,086 0.086 

0.1 -0..076 0.076 
0:1033 -0,073 0.073 
0.1066 -0:·01 0:07 . ' 

0.11 -0.06 0:06 
0.1133 -0.057 0.057 
0.1166 -0.054 0.054 

0.12 -0.051 0.051 
0.1233 -0.047 0.047 
0.1266 -0.047 0.047 

0.13 -0.044 0.044 
0.1333 -0.044 0.044 
0.1366 -0.041 0.041 

0.14 -0.041 0.041 
0.1433 -0.038 0.038 
0.1466 -0.038 0.038 

0.15 -0.031 0.031 
0.1533 -0.035 0.035 
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1666W1B 

1666W-1 Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.031 0.031 
0.16 -0.031 0.031 

0.1633 -0.028 0.028 
0.1666 -0.028 0.028 
0.17 -0.028 0.028 

0.1733 -0.028 0.028 
0.1766 -0.031 0.031 

0.18 -0.028 0.028 
0.1833 -0.025 0.025 
0.1866 -0.022 0.022 

0.19 -0.022 0.022 
0.1933 -0.022 0.022 
0.1966 -0.025 0.025 

0.2 -0.022 0.022 
0.2033 -0.022 0.022 
0.2066 -0.019 0.019 

0.21 -0.019 0.019 
0.2133 -0.019 0.019 
0.2166 -0.022 0.022 

0.22 -0.019 0.019 
0.2233 -0.019 0.019 
0.2266 -0.019 0.019 

0.23 -0.019 0.019 
0.2333 -0.015 0.015 
0.2366 -0.019 0.019 

0.24 -0.015 0.015 
0.2433 -0.019 0.019 
0.2466 -0.015 0.015 

0.25 -0.015 0.015 
0.2533 -0.015 0.015 
0.2566 -0.015 0.015 

0.26 -0.015 0.015 
0.2633 -0.015 0.015 
0.2666 -0.015 0.015 

0.27 -0.012 0.012 
0.2733 -0.012 0.012 
0.2766 -0.015 0.015 

0.28 -0.012 0.012 
0.2833 -0.015 0.015 
0.2866 -0.012 0.012 

0.29 -0.012 0.012 
0.2933 -0.012 0.012 
0.2966 -0.012 0.012 

0.3 -0.015 0.015 
0.3033 -0.012 · 0.012 
0.3066 -0.012 0.012 

0.31 -0.012 0.012 
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1666W1B 

1666W-1 Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 -0.012 0.012 
0.3166 -0.012 0.012 

0.32 -0.012 0.012 
0.3233 -0.012 0.012 
0.3266 -0.012 0.012 

0.33 -0.012 0.012 
0.3333 -0.012 0.012 

0.35 -0.012 0.012 
0.3666 -0.012 0.012 
0.3833 -0.009 0.009 

0.4 -0.009 0.009 
0.4166 -0.006 0.006 
0.4333 -0.006 0.006 

0.45 -0.009 0.009 
0.4666 -0.009 0.009 
0.4833 -0.006 0.006 

0.5 -0.003 0.003 
0.5166 -0.006 0.006 
0.5333 -0.006 0.006 

0.55 -0.006 0.006 
0.5666 -0.006 0.006 
0.5833 -0.003 0.003 

0.6 -0.003 0.003 
0.6166 -0.006 0.006 
0.6333 -0.006 0.006 

0.65 -0.006 0.006 
0.6666 -0.003 0.003 
0.6833 -0.006 0.006 

0.7 -0.006 0.006 
0.7166 -0.006 0.006 
0.7333 -0.006 0.006 

0.75 -0.006 0.006 
0.7666 -0.006 0.006 
0.7833 -0.003 0.003 

0.8 -0.006 0.006 
0.8166 -0.006 0.006 
0.8333 -0.006 0.006 

0.85 -0.006 0.006 
0.8666 -0.003 0.003 
0.8833 -0.009 0.009 

0.9 -0.009 0.009 
0.9166 -0.006 0.006 
0.9333 -0.009 0.009 

0.95 -0.006 0.006 
0.9666 -0.006 0.006 
0.9833 -0.006 0.006 

1 -0.006 0.006 
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1666W1B 

1666W-1 Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 -0.003 0.003 
1.4 -0.006 0.006 
1.6 -0.006 0.006 
1.8 -0.006 0.006 
2 -0.003 0.003 

2.2 -0.003 0.003 
2.4 -0.006 0.006 
2.6 -0.006 0.006 
2.8 -0.006 0.006 
3 -0.006 0.006 

3.2 -0.006 0.006 
3.4 -0.006 0.006 
3.6 -0.006 0.006 
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BD01AR 

BDM-96-01X Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0.006 0.006 
0.0066 0.003 0.003 

0.01 0.003 0.003 
0.0133 0.003 0.003 
0.0166 -0.051 0.051 

0.02 -0.274 0.274 
0.0233 -0.468 0.468 
0.0266 -0.905 0.905 

0.03 -0.545 0.545 
0.0333 -0.577 0.577 
0.0366 -1.29 1.29 

0.04 -0.898 0.898 
0.0433 -0.816 0.816 
0.0466 -0.723 0.723 

0.05 -0.631 0.631 
0.0533 -0.554 0.554 
0.0566 -0.487 0.487 

0.06 -0.43 0.43 
0.0633 -0.379 0.379 
0.0666 -0.328 0.328 

0.07 -0.293 0.293 
0.0733 -0.261 0.261 
0.0766 -0.232 0.232 

0.08 -0.21 0.21 
0.0833 -0.184 0.184 
0.0866 -0.168 0.168 

0.09 -0.153 0.153 
0.0933 -0.137 0.137 
0.0966 -0.124 ·0.124 

0.1 ..r0.114 ·0.1'14 
0J033 -0.102 0.102 
0;1066 -0.095 01095 

0.11 -0:086 0.086 
0:1133 -0 '.079 0~019 ~: 

0.1166 -0,073 0;073 
0.12 -0;07 0.07 

0:1233 -0:063 01063 
0.1266 -0~0S7 0.057 

0.13 -0:054 0.054 
0.1333 -0:051 0.051 
0.1366 -0.047 0.047 

0.14 -0:044 0:044 
0.1433 -0.041 0.041 
0.1466 ·0.038 0'. 038 ' 

0.15 -0 '.035 0.035 
0.1533 -0.031 0.031 
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BD01AR 

BDM-96-01X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.031 0.031 
0.16 -0.031 0.031 

0.1633 -0.028 0.028 
0.1666 -0.028 0.028 

0.17 -0.025 0.025 
0.1733 -0.025 0.025 
0.1766 -0.022 0.022 

0.18 -0.022 0.022 
0.1833 -0.022 0.022 
0.1866 -0.022 0.022 

0.19 -0.019 0.019 
0.1933 -0.015 0.015 
0.1966 -0.015 0.015 

0.2 -0.015 0.015 
0.2033 -0.015 0.015 
0.2066 -0.015 0.015 

0.21 -0.012 0.012 
0.2133 -0.015 0.015 
0.2166 -0.012 0.012 

0.22 -0.012 0.012 
0.2233 -0.012 0.012 
0.2266 -0.009 0.009 

0.23 -0.009 0.009 
0.2333 -0.012 0.012 
0.2366 -0.009 0.009 

0.24 -0.009 0.009 
0.2433 -0.009 0.009 
0.2466 -0.009 0.009 

0.25 -0.009 0.009 
0.2533 -0.006 0.006 
0.2566 -0.009 0.009 

0.26 -0.006 0.006 
0.2633 -0.006 0.006 
0.2666 -0.009 0.009 

0.27 -0.009 0.009 
0.2733 -0.006 0.006 
0.2766 -0.006 0.006 

0.28 -0.006 0.006 
0.2833 -0.006 0.006 
0.2866 -0.003 0.003 

0.29 -0.003 0.003 
0.2933 -0.006 0.006 
0.2966 -0.003 0.003 

0.3 -0.003 0.003 
0.3033 -0.003 0.003 
0.3066 0 0 

0.31 -0.003 0.003 
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BD01AR 

BDM-96-01X Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 -0.006 0.006 
0.3166 -0.003 0.003 

0.32 0 0 
0.3233 -0.003 0.003 
0.3266 -0.003 0.003 

0.33 -0.003 0.003 
0.3333 -0.003 0.003 

0.35 -0.003 0.003 
0.3666 -0.003 0.003 
0.3833 0 0 

0.4 0 0 
0.4166 -0.003 0.003 
0.4333 0.003 0.003 

0.45 0 0 
0.4666 -0.003 0.003 
0.4833 0.003 0.003 

0.5 0 0 
0.5166 0.003 0.003 
0.5333 0.003 0.003 

0.55 0.003 0.003 
0.5666 0 0 
0.5833 0 0 

0.6 0.003 0.003 
0.6166 0 0 
0.6333 0.003 0.003 

0.65 0 0 
0.6666 0.003 0.003 
0.6833 0.003 0.003 

0.7 0 0 
0.7166 0.003 0.003 
0.7333 0.003 0.003 

0.75 0.003 0.003 
0.7666 0.003 0.003 
0.7833 0.003 0.003 

0.8 0.003 0.003 
0.8166 0 0 
0.8333 0.003 0.003 

0.85 0.006 0.006 
0.8666 0.003 0.003 
0.8833 0.003 0.003 

0.9 0.003 0.003 
0.9166 0.003 0.003 
0.9333 0.003 0.003 

0.95 0 0 
0.9666 0.006 0.006 
0.9833 0.003 0.003 

1 0.003 0.003 
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BD01AR 

BDM-96-01X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.003 0.003 
1.4 0 0 
1.6 0 0 
1.8 0.003 0.003 
2 0.003 0.003 

2.2 0.003 0.003 
2.4 0 0 
2.6 0 0 
2.8 0.003 0.003 
3 0.003 0.003 

3.2 0.003 0.003 
3.4 0 0 
3.6 0.003 0.003 
3.8 0 0 
4 0.003 0.003 

4.2 0.003 0.003 
4.4 0.003 0.003 
4.6 0 0 
4.8 0.003 0.003 
5 0.003 0.003 

5.2 0.003 0.003 
5.4 0.003 0.003 
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BD01BR 

BDM-96-01 X Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0.006 0.006 
0.0066 0.006 0.006 

0.01 0.006 0.006 
0.0133 0.012 0.012 
0.0166 0.003 0.003 

0.02 0.019 0.019 
0.0233 -0.184 0.184 
0.0266 -1.045 1.045 

0.03 -1.166 1.166 
0.0333 -0.251 0.251 
0.0366 -0.29 0.29 

0.04 -1.032 1.032 
0.0433 -1.067 1.067 
0.0466 -0.886 0.886 

0.05 -0.774 0.774 
0.0533 -0.675 0.675 
0.0566 -0.592 0.592 

0.06 -0.516 0.516 
0.0633 -0.455 0.455 
0.0666 -0.401 0.401 

0.07 -0.353 0.353 
0.0733 -0.312 0.312 
0.0766 -0.277 0.277 

0.08 -0.248 0.248 
0.0833 -0.219 0.219 
0.0866 -0.197 0.197 

0.09 -0.175 0.175 
0.0933 -0.159 0.159 
0.0966 -0.143 0.143 

0.1 -0.13 0.;.1'3 
0.1033 -0.117 0.117 ' :·:-:-: 

., 
C 

0.1066 ~0.108 0.10.8 
0.11 -0.098, 0;1098 

0.1133 -0.092 0:092 
0.1166 -0,086 0.086 

0.12 -0.076 0.016 
0.1233 -0,073 0.073. 
0.1266 .. o.066 0.066 

0.13 ~0.063 0.063 
0.1333 -0;057 0.05.7 
0.1366 -0.051 0.051 

0.14 -0.054 0:054 
0.1433 -0,047 0.047 
0.1466 .;0.044 0.044 

0.15 -0,041 '0.04,1 
0.1533 -0;038 0,038 
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BD01BR 

BDM-96-01X Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.035 0;035 
0:16 -0.038 0:038 

0.1633 -0.035 0.03.5 
0.1666 -0.028 0,028 

0.17 -0.031 0.031 
0.1733 -0.031 0.031 
0.1766 -0.028 0.028 

0.18 -0.025 0.025 
0.1833 -0.025 0.025 
0.1866 -0.025 0.025 

0.19 -0.022 0.022 
0.1933 -0.019 0.019 
0.1966 -0.022 0.022 

0.2 -0.022 0.022 
0.2033 -0.019 0.019 
0.2066 -0.019 0.019 

0.21 -0.015 0.015 
0.2133 -0.019 0.019 
0.2166 -0.015 0.015 

0.22 -0.015 0.015 
0.2233 -0.012 0.012 
0.2266 -0.015 0.015 

0.23 -0.012 0.012 
0.2333 -0.012 0.012 
0.2366 -0.009 0.009 

0.24 -0.012 0.012 
0.2433 -0.012 0.012 
0.2466 -0.012 0.012 

0.25 -0.009 0.009 
0.2533 -0.009 0.009 
0.2566 -0.009 0.009 

0.26 -0.006 0.006 
0.2633 -0.009 0.009 
0.2666 -0.009 0.009 

0.27 -0.006 0.006 
0.2733 -0.009 0.009 
0.2766 -0.006 0.006 

0.28 -0.009 0.009 
0.2833 -0.006 0.006 
0.2866 -0.006 0.006 

0.29 -0.006 0.006 
0.2933 -0.006 0.006 
0.2966 -0.006 0.006 

0.3 -0.006 0.006 
0.3033 -0.006 0.006 
0.3066 -0.003 0.003 

0.31 -0.006 0.006 
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BO01BR 

BDM-96-01X Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 -0.006 0.006 
0.3166 -0.003 0.003 

0.32 -0.006 0.006 
0.3233 -0.006 0.006 
0.3266 -0.003 0.003 

0.33 -0.003 0.003 
0.3333 -0.006 0.006 

0.35 -0.003 0.003 
0.3666 -0.003 0.003 
0.3833 0 0 

0.4 0 0 
0.4166 -0.003 0.003 
0.4333 0 0 

0.45 0 0 
0.4666 0 0 
0.4833 0 0 

0.5 0 0 
0.5166 0 0 . 
0.5333 0 0 

0.55 0 0 
0.5666 0 0 
0.5833 0.003 0.003 

0.6 0.003 0.003 
0.6166 0.003 0.003 
0.6333 0 0 

0.65 0 0 
0.6666 0.003 0.003 
0.6833 0 0 

0.7 0 0 
0.7166 0.003 0.003 
0.7333 0.003 0.003 

0.75 0.003 0.003 
0.7666 0.003 0.003 
0.7833 0.003 0.003 

0.8 0.003 0.003 
0.8166 0 0 
0.8333 0.003 0.003 

0.85 0.003 0.003 
0.8666 0.003 0.003 
0.8833 0.003 0.003 

0.9 0 0 
0.9166 0 0 
0.9333 0 0 

0.95 0.003 0.003 
0.9666 0.003 0.003 
0.9833 0 0 

1 0.003 0.003 
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BD01BR 

BDM-96-01X Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.003 0.003 
1.4 0.003 0.003 
1.6 0 0 
1.8 0.003 0.003 
2 0.003 0.003 

2.2 0.003 0.003 
2.4 0.003 0.003 
2.6 0.003 0.003 
2.8 0.003 0.003 
3 0.003 0.003 

3.2 0.003 0.003 
3.4 0.003 0.003 
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BD02AR 

BDM-96-02X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.006 0.006 
0.0033 0.003 0.003 
0.0066 0.006 0.006 

0.01 0.006 0.006 
0.0133 0 0 
0.0166 -0.28 0.28 

0.02 -0.64 0.64 
0.0233 -0.567 0.567 
0.0266 -0.462 0.462 

0.03 -0.341 0.341 
0.0333 -0.216 0.216 
0.0366 -0.108 0.108 

0.04 -0.051 0.051 
0.0433 -0.006 0.006 
0.0466 -0.019 0.019 

0.05 0 0 
0.0533 -0.015 0.015 
0.0566 -0.009 0.009 

0.06 -0.015 0.015 
0.0633 -0.022 0.022 
0.0666 -0.022 0.022 

0.07 -0.012 0.012 
0.0733 -0.012 0.012 
0.0766 -0.009 0.009 

0.08 -0.009 0.009 
0.0833 -0.009 0.009 
0.0866 -0.00.9 0.009 

0.09 -0.003 0.003 
0.0933 -0.003 0.003 
0.0966 -0.003 0.003 

0.1 -0.003 0.003 
0.1033 -0.003 0.003 
0.1066 0 o 

0.11 o o 
0.1133 -0.003 0.003 
0.1166 o 0 

0.12 o o 
0.1233 -0.003 0.003 
0.1266 o o 

0.13 o o 
0.1333 0 0 
0.1366 -0.003 0.003 

0.14 0.003 0.003 
0.1433 -0.003 0.003 
0.1466 0 o 

0.15 0.003 0.003 
0.1533 o 0 
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8D02AR 

BDM-96-02X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 0.003 0.003 
0.16 0 0 

0.1633 0 0 
0.1666 0.003 0.003 

0.17 0 0 
0.1733 0.003 0.003 
0.1766 0.003 0.003 

0.18 0.003 0.003 
0.1833 0.003 0.003 
0.1866 0.003 0.003 

0.19 0.003 0.003 
0.1933 0.003 0.003 
0.1966 0.003 0.003 

0.2 0;003 0.003 
0.2033 0.003 0.003 
0.2066 0.003 0.003 

0.21 0.003 0.003 
0.2133 0.003 0.003 
0.2166 0.006 0.006 

0.22 0.003 0.003 
0.2233 0.003 0.003 
0.2266 0.003 0.003 

0.23 0.003 0.003 
0.2333 0.003 0.003 
0.2366 0.003 0.003 

0.24 0.003 0.003 
0.2433 0.003 0.003 
0.2466 0.003 0.003 

0.25 0.003 0.003 
0.2533 0.003 0.003 
0.2566 0.003 0.003 

0.26 0.006 0.006 
0.2633 0.003 0.003 
0.2666 0.003 0.003 

0.27 0.003 0.003 
0.2733 0.003 0.003 
0.2766 0.003 0.003 

0.28 0 0 
0.2833 0.003 0.003 
0.2866 0.003 0.003 

0.29 0 0 
0.2933 0.003 0.003 
0.2966 0.006 0.006 

0.3 0.003 0.003 
0.3033 0.003 0.003 
0.3066 0.003 0.003 

0.31 0.003 0.003 
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BD02AR 

BDM-96-02X Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0 0 
0.3166 0.003 0.003 

0.32 0.003 0.003 
0.3233 0.003 0.003 
0.3266 0.003 0.003 

0.33 0.003 0.003 
0.3333 0.003 0.003 

0.35 0.003 0.003 
0.3666 0.003 0.003 
0.3833 0.006 0.006 

0.4 0.003 0.003 
0.4166 0.003 0.003 
0.4333 0 0 

0.45 0.003 0.003 
0.4666 0.003 0.003 
0.4833 0.006 0.006 

0.5 0.003 0.003 
0.5166 0.003 0.003 
0.5333 0.003 0.003 

0.55 0.006 0.006 
0.5666 0.003 0.003 
0.5833 0.003 0.003 

0.6 0.003 0.003 
. 0.6166 0.006 0.006 

0.6333 0.003 0.003 
0.65 0.003 0.003 

0.6666 0.003 0.003 
0.6833 0.006 0.006 

0.7 0.006 0.006 
0.7166 0.003 0.003 
0.7333 0.003 0.003 

0.75 0.003 0.003 
0.7666 0.003 0.003 
0.7833 0.003 0.003 

0.8 0.003 0.003 
0.8166 0.003 0.003 
0.8333 0.003 0.003 

0.85 0.003 0.003 
0.8666 0.003 0.003 
0.8833 0.003 0.003 

0.9 0.003 0.003 
0.9166 0.003 0.003 
0.9333 0.003 0.003 

0.95 0.003 0.003 
0.9666 0.003 0.003 
0.9833 0 0 

1 0.003 0.003 
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8D02AR 

BDM-96-02X Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.006 0.006 
1.4 0.006 0.006 
1.6 0.006 0.006 
1.8 0.003 0.003 
2 0.006 0.006 

2.2 0.003 0.003 
2.4 0.003 0.003 
2.6 0.006 0.006 
2.8 0.006 0.006 
3 0.003 0.003 

3.2 0.003 0.003 
3.4 0.006 0.006 
3.6 0.006 0.006 
3.8 0.003 0.003 
4 0.006 0.006 

4.2 0.006 0.006 
4.4 0.006 0.006 
4.6 0.003 0.003 
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BD02BR 

BDM-96-02X Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.009 0.009 
0.0033 0.009 0.009 
0.0066 0.028 0.028 

0.01 0.006 0.006 
0.0133 -0.146 0.146 
0.0166 -0.318 0.318 

0.02 -0.538 0.538 
0.0233 -0.43 0.43 
0.0266 -0.341 0.341 

0.03 -0.328 0.328 
0.0333 -0.267 0.267 
0.0366 -0.178 0.178 

0.04 -0.102 0.102 
0.0433 -0.098 0.098 
0.0466 -0.012 0.012 

0.05 -0.006 0.006 
0.0533 -0.019 0.019 
0.0566 0.003 0.003 

0.06 -0.022 0.022 
0.0633 0 0 
0.0666 -0.035 0.035 

0.07 -0.015 0.015 
0.0733 -0.006 0.006 
0.0766 -0.015 0.015 

0.08 -0.015 0.015 
0.0833 -0.006 0.006 
0.0866 -0.012 0.012 

0.09 -0.003 0.003 
0.0933 -0.003 0.003 
0.0966 -0.009 0.009 

0.1 -0.003 0.003 
0.1033 -0.003 0.003 
0.1066 -0.006 0.006 

0.11 -0.006 0.006 
0.1133 -0.003 0.003 
0.1166 -0.003 0.003 

0.12 -0.006 0.006 
0.1233 -0.003 0.003 
0.1266 -0.003 0.003 

0.13 -0.006 0.006 
0.1333 0 0 
0.1366 -0.003 0.003 

0.14 -0.003 0.003 
0.1433 -0.006 0.006 
0.1466 -0.003 0.003 

0.15 -0.006 0.006 
0.1533 -0.003 0.003 
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BD02BR 

BDM-96-02X Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.003 0.003 
0.16 -0.003 0.003 

0.1633 0 0 
0.1666 -0.003 0.003 

0.17 -0.006 0.006 
0.1733 0.003 0.003 
0.1766 0.003 0.003 

0.18 0.003 0.003 
0.1833 0.003 0.003 
0.1866 0.006 0.006 

0.19 0.003 0.003 
0.1933 0.003 0.003 
0.1966 0.003 0.003 

0.2 0.003 0.003 
0.2033 0.003 0.003 
0.2066 0.006 0.006 

0.21 0.006 0.006 
0.2133 0.006 0.006 
0.2166 0.003 0.003 

0.22 0.003 0.003 
0.2233 0.006 0.006 
0.2266 0.006 0.006 

0.23 0.003 0.003 
0.2333 0.006 0.006 
0.2366 0.003 0.003 

0.24 0 0 
0.2433 0.006 0.006 
0.2466 0.006 0.006 

0.25 0.006 0.006 
0.2533 0.006 0.006 
0.2566 0.006 0.006 

0.26 0.003 0.003 
0.2633 0.006 0.006 
0.2666 0.006 0.006 

0.27 0.006 0.006 
0.2733 0.006 0.006 
0.2766 0.006 0.006 
0.28 0.006 0.006 

0.2833 0.003 0.003 
0.2866 0.006 0.006 

0.29 0.006 0.006 
0.2933 0.006 0.006 
0.2966 0.006 0.006 

0.3 0.006 0.006 
0.3033 0.006 0.006 
0.3066 0.003 0.003 

0.31 0.006 0.006 
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BD02BR 

BDM-96-02X Rising Head Permeability Test No. 2 

Time (min) Delta H {ft) Absolute 
Value H (ft) 

0.3133 0.006 0.006 
0.3166 0.003 0.003 

0.32 0.006 0.006 
0.3233 0.006 0.006 
0.3266 0.006 0.006 

0.33 0.006 0.006 
0.3333 0.006 0.006 

0.35 0.003 0.003 
0.3666 0.003 0.003 
0.3833 0.006 0.006 

0.4 0.006 0.006 
0.4166 0.006 0.006 
0.4333 0.006 0.006 

0.45 0.006 0.006 
0.4666 0.003 0.003 
0.4833 0.006 0.006 

0.5 0.006 0.006 
0.5166 0.006 0.006 
0.5333 0.006 0.006 

0.55 0.006 0.006 
0.5666 0.006 0.006 
0.5833 0.003 0.003 

0.6 0.006 0.006 
0.6166 0.006 0.006 
0.6333 0.006 0.006 

0.65 0.006 0.006 
0.6666 0.006 0.006 
0.6833 0.006 0.006 

0.7 0.006 0.006 
0.7166 0.006 0.006 
0.7333 0.006 0.006 

0.75 ,0.006 0.006 
0.7666 0.006 0.006 
0.7833 0.006 0.006 

0.8 0.006 0.006 
0.8166 0.006 0.006 
0.8333 0.006 0.006 

0.85 0.006 0.006 
0.8666 0.006 0.006 
0.8833 0.003 0.003 

0.9 0.003 0.003 
0.9166 0.006 0.006 
0.9333 0.006 0.006 

0.95 0.006 0.006 
0.9666 0.006 0.006 
0.9833 0.003 0.003 

1 0.003 0.003 
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BD02BR 

BDM-96-02X Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.006 0.006 
1.4 0.003 0.003 
1.6 0.003 0.003 
1.8 0.006 0.006 
2 0.006 0.006 

2.2 0.006 0.006 
2.4 0.006 0.006 
2.6 0.006 0.006 
2.8 0.006 0.006 
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BD03A 

BDM-96-03X Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.028 0.028 
0.0033 0.041 0.041 
0.0066 -0.927 0.927 

0.01 -1.354 1.354 
0.0133 -1.039 1.039 
0.0166 -0.637 0.637 

0.02 -0.471 0.471 
0.0233 -0.309 0.309 
0.0266 -0.156 0.156 

0.03 -0.079 0.079 
0.0333 -0.003 0.003 
0.0366 a a 

0.04 0.015 0.015 
0.0433 0.019 0.019 
0.0466 0.006 0.006 
a.as 0.012 0.012 

0.0533 0.006 0.006 
0.0566 0.009 0.009 

0.06 0.009 0.009 
0.0633 0.012 0.012 
0.0666 0.012 0.012 

0.07 0.009 0.009 
0.0733 0.015 0.015 
0.0766 0.012 0.012 

0.08 0.012 0.012 
0.0833 0.015 0.015 
0.0866 0.015 0.015 

0.09 0.019 0.019 
0.0933 0.019 0.019 
0.0966 0.019 0.019 

0.1 0.015 0.015 
0.1033 0.028 0.028 
0.1066 0.025 0.025 

0.11 0.025 0.025 
0.1133 0.022 0.022 
0.1166 0.028 0.028 

0.12 0.028 0.028 
0.1233 0.025 0.025 
0.1266 0.028 0.028 

0.13 0.035 0.035 
0.1333 0.025 0.025 
0.1366 0.031 0.031 

0.14 0.028 0.028 
0.1433 0.025 0.025 
0.1466 0.028 0.028 

0.15 0.025 0.025 
0.1533 0.028 0.028 
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8D03A 

BDM-96-03X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 0.028 0.028 
0.16 0.028 0.028 

0.1633 0.028 0.028 
0.1666 0.031 0.031 

0.17 0.028 0.028 
0.1733 0.028 0.028 
0.1766 0.025 0.025 

0.18 0.028 0.028 
0.1833 0.028 0.028 
0.1866 0.028 0.028 

0.19 0.028 0.028 
0.1933 0.028 0.028 
0.1966 0.028 0.028 

0.2 0.025 0.025 
0.2033 0.025 0.025 
0.2066 0.025 0.025 

0.21 0.025 0.025 
0.2133 0.028 0.028 
0.2166 0.028 0.028 

0.22 0.028 0.028 
0.2233 0.028 0.028 
0.2266 0.028 0.028 

0.23 0.028 0.028 
0.2333 0.028 0.028 
0.2366 0.028 0.028 

0.24 0.028 0.028 
0.2433 0.028 0.028 
0.2466 0.028 0.028 

0.25 0.028 0.028 
0.2533 0.031 0.031 
0.2566 0.028 0.028 

0.26 0.028 0.028 
0.2633 0.028 0.028 
0.2666 0.028 0.028 

0.27 0.031 0.031 
0.2733 0.028 0.028 
0.2766 0.028 0.028 

0.28 0.028 0.028 
0.2833 0.028 0.028 
0.2866 0.028 0.028 

0.29 0.028 0.028 
0.2933 0.028 0.028 
0.2966 0.028 0.028 

0.3 0.025 0.025 
0.3033 0.028 0.028 
0.3066 0.031 0.031 

0.31 0.031 0.031 
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BD03A 

BDM-96-03X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0.028 0.028 
0.3166 0.028 0.028 

0.32 0.028 0.028 
0.3233 0.028 0.028 
0.3266 0.028 0.028 

0.33 0.028 0.028 
0.3333 0.028 0.028 

0.35 0.028 0.028 
0.3666 0.028 0.028 
0.3833 0.028 0.028 

0.4 0.028 0.028 
0.4166 0.028 0.028 
0.4333 0.031 0.031 

0.45 0.028 0.028 
0.4666 0.031 0.031 
0.4833 0.028 0.028 

0.5 0.025 0.025 
0.5166 0.028 0.028 
0.5333 0.028 0.028 

0.55 0.028 0.028 
0.5666 0.028 0.028 
0.5833 0.031 0.031 

0.6 0.031 0.031 
0.6166 0.028 0.028 
0.6333 0.028 0.028 

0.65 0.028 0.028 
0.6666 0.028 0.028 
0.6833 0.028 0.028 

0.7 0.028 0.028 
0.7166 0.031 0.031 
0.7333 0.031 '0.031 

0.75 0.028 0.028 
0.7666 0.031 0.031 
0.7833 0.031 0.031 

0.8 0.028 0.028 
0.8166 0.031 0.031 
0.8333 0.031 0.031 

0.85 0.028 0.028 
0.8666 0.031 0.031 
0.8833 0 .031 0.031 

0.9 0.028 0.028 
0.9166 0.028 0.028 
0.9333 0.028 0.028 

0.95 0.031 0.031 
0.9666 0.028 0.028 
0.9833 0.031 0.031 

1 0.031 0.031 
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BD03A 

BDM-96-03X Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.031 0.031 
1.4 0.031 0.031 
1.6 0.035 0.035 
1.8 0.028 0.028 
2 0.031 0.031 

2.2 0.031 0.031 
2.4 0.031 0.031 
2.6 0.028 0.028 
2.8 0.035 0.035 
3 0.031 0.031 

3.2 0.028 0.028 
3.4 0.031 0.031 
3.6 0.031 0.031 
3.8 0.028 0.028 
4 0.031 0.031 

4.2 0.031 0.031 
4.4 0.028 0.028 
4.6 0.031 0.031 
4.8 0.031 0.031 
5 0.031 0.031 

5.2 0.031 0.031 
5.4 0.031 0.031 
5.6 0.028 0.028 
5.8 0.025 0.025 
6 0.031 0.031 

6.2 0.025 0.025 
6.4 0.028 0.028 
6.6 0.028 0.028 
6.8 0.028 0.028 
7 0.028 0.028 

7.2 0.031 0.031 
7.4 0.028 0.028 
7.6 0.028 0.028 
7.8 0.031 0.031 
8 0.028 0.028 

8.2 0.031 0.031 
8.4 0.028 0.028 
8.6 0.028 0.028 
8.8 0.028 0.028 
9 0.022 0.022 

9.2 0.028 0.028 
9.4 0.028 0.028 
9.6 0.031 0.031 
9.8 0.022 0.022 
10 0.028 0.028 
12 0.025 0.025 
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8D038 

BDM-96-03X Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0.003 0.003 
0.0066 0.003 0.003 

0.01 0.003 0.003 
0.0133 0.006 0.006 
0.0166 0.009 0.009 

0.02 0.003 0.003 
0.0233 0.006 0.006 
0.0266 0.006 0.006 

0.03 0.003 0.003 
0.0333 0.003 0.003 
0.0366 0.008 0.006 

0.04 0.006 0.006 
0.0433 0.076 0.076 
0.0466 0.038 0.038 

0.05 -0.404 0.404 
0.0533 -0.532 0.532 
0.0566 -0.401 0.401 

0.06 -0.379 0.379 
0.0633 -0.28 0.28 
0.0666 -0.178 0.178 

0.07 -0.07 0.07 
0.0733 -0.047 0.047 
0.0766 -0.006 0.006 

0.08 0.006 0.006 
0.0833 -0.003 0.003 
0.0866 -0.003 0.003 

0.09 -0.031 0.031 
0.0933 -0.031 0.031 
0.0966 -0.031 0.031 

0.1 -0.063 0.063 
0.1033 -0.028 0.028 
0.1066 -0.015 0.015 

0.11 -0.025 0.025 
0.1133 -0.019 0.019 
0.1166 -0.006 0.006 

0.12 0 0 
0.1233 -0.022 0.022 
0.1266 -0.028 0.028 

0.13 -0.015 0.015 
0.1333 -0.025 0.025 
0.1366 -0.025 0.025 

0.14 -0.009 0.009 
0.1433 -0.019 0.019 
0.1466 -0.025 0.025 

0.15 0.006 0.006 
0.1533 -0.012 0.012 
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8D038 

BDM-96-03X Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.006 0.006 
0.16 -0.012 0.012 

0.1633 -0.006 0.006 
0.1666 -0.006 0.006 

0.17 -0.009 0.009 
0.1733 -0.006 0.006 
0.1766 -0.009 0.009 

0.18 -0.009 0.009 
0.1833 -0.009 0.009 
0.1866 -0.009 0.009 

0.19 -0.009 0.009 
0.1933 -0.009 0.009 
0.1966 -0.009 0.009 

0.2 -0.009 0.009 
0.2033 -0.009 0.009 
0.2066 -0.006 0.006 

0.21 -0.009 0.009 
0.2133 -0.006 0.006 
0.2166 -0.006 0.006 

0.22 -0.009 0.009 
0.2233 -0.009 0.009 
0.2266 -0.009 0.009 

0.23 -0.006 0.006 
0.2333 -0.006 0.006 
0.2366 -0.009 0.009 

0.24 -0.006 0.006 
0.2433 -0.006 0.006 
0.2466 -0.006 0.006 

0.25 -0.006 0.006 
0.2533 -0.006 0.006 
0.2566 -0.006 0.006 

0.26 -0.006 0.006 
0.2633 -0.006 0.006 
0.2666 -0.009 0.009 

0.27 -0.006 0.006 
0.2733 -0.006 0.006 
0.2766 -0.006 0.006 

0.28 -0.003 0.003 
0.2833 -0.006 0.006 
0.2866 0 0 

0.29 -0.003 0.003 
0.2933 -0.003 0.003 
0.2966 -0.003 0.003 

0.3 -0.003 0.003 
0.3033 -0.003 0.003 
0.3066 0.003 0.003 

0.31 0 0 
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8D038 

BDM-96-03X Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0 0 
0.3166 0 0 

0.32 -0.003 0.003 
0.3233 0 0 
0.3266 -0.003 0.003 

0.33 0 0 
0.3333 0 0 

0.35 0 0 
0.3666 0 0 
0.3833 0 0 

0.4 0 0 
0.4166 -0.003 0.003 
0.4333 -0.003 0.003 

0.45 -0.003 0.003 
0.4666 0 0 
0.4833 0 0 

0.5 0 0 
0.5166 0 0 
0.5333 -0.003 0.003 

0.55 0 0 
0.5666 0 0 
0.5833 -0.003 0.003 

0.6 0 0 
0.6166 0 0 
0.6333 0 0 

0.65 0 0 
0.6666 0.003 0.003 
0.6833 -0.003 0.003 

0.7 0 0 
0.7166 -0.003 0.003 
0.7333 0 0 

0.75 0 0 
0.7666 0 0 
0.7833 0 0 

0.8 0 0 
0.8166 0 0 
0.8333 0 0 

0.85 0 0 
0.8666 0 0 
0.8833 -0.003 0.003 

0.9 -0.003 0.003 
0.9166 0 0 
0.9333 0 0 

0.95 0 0 
0.9666 0 0 
0.9833 0 0 

1 -0.003 0.003 
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B0038 

BDM-96-03X Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0 0 
1.4 0 0 
1.6 0 0 
1.8 0 0 
2 0 0 

2.2 0 0 
2.4 0 0 
2.6 -0.003 0.003 
2.8 0.003 0.003 
3 0.003 0.003 
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BD03C 

BDM-96-03X Rising Head Permeability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft} 

0 0.012 0.012 
0.0033 0.015 0.015 
0.0066 0.015 0.015 

0.01 0.012 0.012 
0.0133 0.015 0.015 
0.0166 0.066 0.066 

0.02 -0.258 0.258 
0.0233 -0.462 0.462 
0.0266 -0.427 0.427 

0.03 -0.392 0.392 
0.0333 -0.331 0.331 
0.0366 -0.226 0.226 

0.04 -0.121 0.121 
0.0433 -0.057 0.057 
0.0466 -0.003 0.003 

0.05 0.022 0.022 
0.0533 0.022 0.022 
0.0566 0.015 0.015 

0.06 0.009 0.009 
0.0633 -0.003 0.003 
0.0666 0 0 

0.07 -0.009 0.009 
0.0733 0.012 0.012 
0.0766 -0.003 0.003 

0.08 0.006 0.006 
0.0833 0 0 
0.0866 0.003 0.003 

0.09 0.006 0.006 
0.0933 0.003 0.003 
0.0966 0.003 0.003 

0.1 0.006 0.006 
0.1033 0.006 0.006 
0.1066 0.006 0.006 

0.11 0.003 0.003 
0.1133 0.003 0.003 
0.1166 0.006 0.006 

0.12 0.003 0.003 
0.1233 0.006 0.006 
0.1266 0.006 0.006 

0.13 0.006 0.006 
0.1333 0.006 0.006 
0.1366 0.006 0.006 

0.14 0.006 0.006 
0.1433 0.006 0.006 
0.1466 0.003 0.003 

0.15 0.003 0.003 
0.1533 0.006 0.006 
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BD03C 

BDM-96-03X Rising Head Permeability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 0.006 0.006 
0.16 0.006 0.006 

0.1633 0.006 0.006 
0.1666 0.006 0.006 

0.17 0.003 0.003 
0.1733 0.006 0.006 
0.1766 0.009 0.009 

0.18 0.006 0.006 
0.1833 0.006 0.006 
0.1866 0.006 0.006 

0.19 0.006 0.006 
0.1933 0.006 0.006 
0.1966 0.006 0.006 

0.2 0.009 0.009 
0.2033 0.006 0.006 
0.2066 0.009 0.009 

0.21 0.009 0.009 
0.2133 0.006 0.006 
0.2166 0.006 0.006 

0.22 0.006 0.006 
0.2233 0.006 0.006 
0.2266 0.003 0.003 

0.23 0.009 0.009 
0.2333 0.006 0.006 
0.2366 0.006 0.006 

0.24 0.006 0.006 
0.2433 0.009 0.009 
0.2466 0.006 0.006 

0.25 0.009 0.009 
0.2533 0.006 0.006 
0.2566 0.009 0.009 

0.26 0.012 0.012 
0.2633 0.006 0.006 
0.2666 0.009 0.009 

0.27 0.006 0.006 
0.2733 0.006 0.006 
0.2766 0.006 0.006 

0.28 0.009 0.009 
0.2833 0.006 0.006 
0.2866 0.009 0.009 

0.29 0.006 0.006 
0.2933 0.009 0.009 
0.2966 0.009 0.009 

0.3 0.009 0.009 
0.3033 0.009 0.009 
0.3066 0.009 0.009 

0.31 0.006 0.006 
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BD03C 

BDM-96-03X Rising Head Penneability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0.006 0.006 
0.3166 0.009 0.009 

0.32 0.006 0.006 
0.3233 0.009 0.009 
0.3266 0.006 0.006 

0.33 0.006 0.006 
0.3333 0.006 0.006 

0.35 0.006 0.006 
0.3666 0.006 0.006 
0.3833 0.006 0.006 

0.4 0.006 0.006 
0.4166 0.009 0.009 
0.4333 0.006 0.006 

0.45 0.009 0.009 
0.4666 0.009 0.009 
0.4833 0.006 0.006 

0.5 0.009 0.009 
0.5166 0.006 0.006 
0.5333 0.009 0.009 

0.55 0.009 0.009 
0.5666 0.009 0.009 
0.5833 0.012 0.012 

0.6 0.009 0.009 
0.6166 0.009 0.009 
0.6333 0.009 0.009 

0.65 0.006 0.006 
0.6666 0.009 0.009 
0 .6833 0.009 0.009 

0.7 0.006 0.006 
0.7166 0.006 0.006 
0.7333 0.009 0.009 

0.75 0.009 0.009 
0.7666 0.009 0.009 
0.7833 0.009 0.009 

0.8 0.006 0.006 
0.8166 0.009 0.009 
0.8333 0.009 0.009 

0.85 0.009 0.009 
0.8666 0.009 0.009 
0.8833 0.009 0.009 

0.9 0.006 0.006 
0.9166 0.009 0.009 
0.9333 0.009 0.009 

0.95 0.009 0.009 
0.9666 0.006 0.006 
0.9833 0.009 0.009 

1 0.009 0.009 
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8D03C 

BDM-96-03X Rising Head Permeability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H {ft) 

1.2 0.009 0.009 
1.4 0.009 0.009 
1.6 0.006 0.006 
1.8 0.009 0.009 
2 0.006 0.006 

2.2 0.006 0.006 
2.4 0.009 0.009 
2.6 0.009 0.009 
2.8 0.006 0.006 
3 0.006 0.006 

3.2 0.009 0.009 
3.4 0.006 0.006 
3.6 0.009 0.009 
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BD4BAR 

BDM-96-04B Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0.006 0.006 
0.0066 -3.33 3.33 

0.01 -4.303 4.303 
0.0133 -3.11 3.11 
0.0166 -2.194 2.194 

0.02 -2.688 2.688 
0.0233 -2.692 2:692 
0.0266 -2.452 2.452 

0.03 .:2.487 2.487 
0.0333 -2.439 2.439 
0.0366 -2.401 2.401 

0.04 -2.398 2.398 
0.0433 -2.331 2.331 
0.0466 -2.289 2.289 

0.05 -2.296 2.296 
0.0533 -2.235 2.235 
0.0566 -2.19 2.19 

0.06 -2.159 2.159 
0.0633 -2.13 2.13 
0.0666 -2.111 2.111 

0.07 -2.079 2.079 
0.0733 -2.05 2.05 
0.0766 -2.028 2.028 

0.08 -2.002 2.002 
0.0833 -1.98 1.98 
0;0866 -1 ;954 1.954 

0.09 -1.929 1.929 
0.0933 -L909 1.909 
0.0966 -1 .884 1..884 

);,.; 

0;1 -1'.862 1..862 
0.1033 -1.842 1·.842 
0.1066 -1.817 1.Bl 7 

0.11 -1.801 t:-801: 
0.1133 -1.779 1.779 
0.1166 -1.756 1.756 

0.12 -1.737 1.737 
0.1233 -1.718 1.718 
0.1266 -1.696 L696 

0.13 -1.68 1.68 
0.1333 -1.657 1;657 
0.1366 -1.641 1.641 

0.14 -1 .622 1:622 
0.1433 -1.606 1.606 
0.1466 -1 '.587 1.587 

0.15 -1.568 1..568 
0.1533 -1.552 1.552 

Page 1 



8D4BAR 

BDM-96-04B Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -1 ;533 1.533 
0.16 -1:517 1.517 

0.1633 -1..498 1..498 
0.1666 ··-:-, -1.482 Xfj_i,-;, 1.482 

0;17 -1A66 1.466 
0.1733 -1.45 1.45 
0.1766 -1A34 1.434 
0.18 -1.415 1.415 

0.1833 -1.405 1.405 
0.1866 -1.386 1.386 

0.19 -1.37 1.37 
0.1933 -1.354 1.354 
0.1966 -1.341 1.341 

0~2 -1.325 1.325 
0.2033 -1.309 1.309 
0.2066 -t:293 1.293 

0.21 -1.28 1.28 
0.2133 -1.268 1.268 ,, 
0.2166 -1.255 1.255 

0.22 -1.236 1.236 
0.2233 -1.223 j_.223 
0.2266 -1.213 L213 

0.23 -1.194 1.194 
0,2333 -1.185 1.1·85 
0.2366 -1.169 1.169 

0.24 -1.156 1.156 
0.2433 -1.143 1.143 
0.2466 -1.13 1.13 

0.25 -1.118 1.1:18 
0.2533 -1.105 1,J,05 
0.2566 -1.095 1,095 

0.26 -1.082 1-.082 
0~2633 -1.07 1.07 
0.2666 -1.057 1.057 

0.27 -1.044 1.044 
0.2733 -1.038 1.038 
0.2766 -1.025 1,025 

0.28 -1 ,009 1.009 
0.2833 -0.999 0;999 
0.2866 -0.99 0.99 

0.29 -0.98 0;98 
0.2933 -0.968 0:968 
0.2966 -0.955 0.955 

0.3 -0.948 0.948 
0.3033 -0,936 0.936 
0.3066 -0.926 0.926 

0.31 -0.913 0.913 
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BD4BAR 

BDM-96-04B Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H(ft) 

0.3133 -0:904 0.9'04 
o::3166 -0;897 0::597 

0.32 ~0;884 0.884 
0.3233 -0,875 0.875 
0.3266 -0.862 0;862 

0:33 -0:859 "(L859 
0.3333 -Oi846 -' 0:846 

0,35 -0.795 0.795 
0.3666 ~0.747 0.747 
0:3833 ~0;699 0.699 

0.4 .. Q~661 0;661 
0.4166 -0,619 0.919 
0.4333 -0:581 (l.581 

0.45 -0.543 0.543 
0.4666 -0:51,1 0.511 
0.4833 -0.476,:;:,.. .,,, .. , ·0.476 

0.5 ~OAS 0,45 
0.5166 -0:425" 0.42_5 . 
0:5333 -0.396 0.396 

0.55 -0.373 o.ij73 
0.5666 -0;348 ;;C'c'ci0)348 : ;..,_ 

0.5833 -0;325 0.325 
0;6 -0.306 0.306 : 

0.6166 -0.287 0.287 
0:6333 -0.268 0;268 

0;65 -0.'252 
,:/ 

0.252 
0:6666 -0.236 0.236 
0.6833 -0.226 0.226 . I 

0.1 -0.207 0.207 
0.7166 -0.198 0.1.98 
0.7333 -0.~82 " 0.182 

0.75 -0:172 0.172 
0.7666 -0.159 0.159 
0;7533 -0.15 o.1si 

0.8 -0.1 43 0'.1'43 
0.8166 -0.127 0.127 
0:8333 -0.121 0.121 

0.85 ~o: 111 0.111 
0.8666 -0.111 0.111 
0.8833 -0.105 0.105 

0:9 .;0.095 0.09,5 : 

0.9166 -0.089 0.089 
0.9333 -0,.083 0.083 

0.95 -0,076 0.076 
0.9666 ~0.07 0.07 
0.9833 -0.01 0 .. 07 

1 -0.064 0.064 
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BD4BAR 

BDM-96-048 Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 -0.025 0.025 
1.4 -0.012 0.012 
1.6 -0.006 0.006 
1.8 -0.003 0.003 
2 -0.003 0.003 

2.2 -0.003 0.003 
2.4 -0.003 0.003 
2.6 0 0 
2.8 0 0 
3 0 0 

3.2 0 0 
3.4 0 0 
3.6 0 0 
3.8 0 0 
4 0 0 

4.2 0 0 
4.4 0.003 0.003 
4.6 0.006 0.006 
4.8 0 0 
5 0.003 0.003 

5.2 0 0 
5.4 0.003 0.003 
5.6 -0.003 0.003 
5.8 0 0 
6 0.003 0.003 

6.2 0.003 0.003 
6.4 0 0 
6.6 0 0 
6.8 0 0 
7 0.003 0.003 

7.2 0.003 0.003 
7.4 0.003 0.003 
7.6 0 0 
7.8 0.003 0.003 
8 0.003 0.003 

8.2 0.003 0.003 
8.4 0 0 
8.6 0.003 0.003 
8.8 0.003 0.003 
9 0.003 0.003 

9.2 0 0 
9.4 0 0 
9.6 0 0 
9.8 0 0 
10 0.003 0.003 
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8D4BBR 

BDM-96-04B Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft} 

0 0.009 0.009 
0.0033 0.009 0.009 
0.0066 0.006 0.006 

0.01 0.006 0.006 
0.0133 0.009 0.009 
0.0166 0.006 0.006 

0.02 0.009 0.009 
0.0233 0.006 0.006 
0.0266 0.006 0.006 

0.03 0.006 0.006 
0.0333 0.006 0.006 
0.0366 0.063 0.063 

0.04 -2.363 2.363 
0.0433 -4.265 4.265 
0.0466 -3.831 3.831 

0.05 -2.21 2.21 
0.0533 -2.481 2.481 
0.0566 -2.72 2.72 

0.06 -2.497 2.497 
0.0633 -2.423 2.423 
0.0666 -2.414 2.414 

0.07 -2.36 2.36 
0.0733 -2.315 2.315 
0.0766 -2.293 2.293 

0.08 -2.251 2.251 
0.0833 -2.21 2.21 
0.0866 -2.19 2.19 

0.09 -2.152 2.152 
0.0933 -2.107 2.107 
0.0966 -2.085 2.085 

0.1 -2.06 2.06 
0.1033 -2.031 2.031 
0.1066 -1.999 1.999 

0.11 -1.973 1.973 
0.1133 -1.938 1.938 
0.1166 -1.9 1.9 

0.12 -1 .881 1.881 
0.1233 -1.862 1.862 
0.1266 -1.83 1.83 

0.13 -1.804 1.804 
0.1333 -1.779 1.779 
0.1366 -1 .753 1.753 

0.14 -1.728 1.728 
0.1433 -1.705 1.705 
0.1466 -1.68 1.68 

0.15 -1.664 1.664 
0.1533 -1.635 1.635 
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8D4BBR 

BDM-96-04B Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -1.616 1.616 
0.16 -1.59 1.59 

0.1633 -1.571 1.571 
0.1666 -1.552 1.552 

0.17 -1.53 1.53 
0.1733 -1.504 1.504 
0.1766 -1.485 1.485 

0.18 -1.466 1.466 
0.1833 -1.447 1.447 
0.1866 . -1.427 1.427 

0.19 -1.408 1.408 
0.1933 -1.389 1.389 
0.1966 -1.37 1.37 

0.2 -1.351 1.351 
0.2033 -1.335 1.335 
0.2066 -1.319 1.319 

0.21 -1.296 1.296 
0.2133 -1.28 1.28 
0.2166 -1.265 1.265 

0.22 -1.245 1.245 
0.2233 -1.229 1.229 
0.2266 -1.213 1.213 

0.23 -1.197 1.197 
0.2333 -1.181 1.181 
0.2366 -1.166 1.166 

0.24 -1.15 1.15 
0.2433 -1.137 1.137 
0.2466 -1.124 1.124 

0.25 -1.105 1.105 
0.2533 -1.092 1.092 
0.2566 -1.076 1.076 

0.26 -1.06 1.06 
0.2633 -1.047 1.047 
0.2666 -1.035 1.035 

0.27 -1.022 1.022 
0.2733 -1.006 1.006 
0.2766 -0.996 0.996 

0.28 -0.98 0.98 
0.2833 -0.968 0.968 
0.2866 -0.952 0.952 

0.29 -0.942 0.942 
0.2933 -0.926 0.926 
0.2966 -0.916 0.916 

0.3 -0.904 0.904 
0.3033 -0.894 0.894 
0.3066 -0.878 0.878 

0.31 -0.868 0.868 
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8D4BBR 

BDM-96-04B Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 -0.856 0.856 
0.3166 -0.843 0.843 

0.32 -0.833 0.833 
0.3233 -0.824 0.824 
0.3266 -0.808 0.808 

0.33 -0.798 0.798 
0.3333 -0.789 0.789 
0.35 -0.731 0.731 

0.3666 -0.674 0.674 
0.3833 -0.626 0.626 

0.4 -0.581 0.581 
0.4166 -0.539 0.539 
0.4333 -0.501 0.501 

0.45 -0.46 0.46 
0.4666 -0.428 0.428 
0.4833 -0.396 0.396 

0.5 -0.367 :0:367 
' 0.5166 -0.338 0.338 

0.5333 .,Q.316 0.316, 
0.55 -0.294 

. 
0.2~4 

0.5666 •0.268 0'.268 
0.5833 -0.249 -0.249 

0.6 .. 0;233 0.233 , 

0.6166 -0217 0.217 
0.6333 -0.201 0;201 

-0.185 
::::-·.::: 

0.65 ·0.185 
0.6666 -0:172 0.172 
0;6833 -0.156 0.156 

0.7 -0.147 0 .. 147 
0'. 7166 -0.137 0.:137 
0.7333 -0;127 0.127 

0.75 ~0.118 0.1:1.8 
".:::-:: 

0.7666 -0.108 0,1:0.8 
0.7833 -0.102 }o: rn2 

0;8 -0~092 0,092 
0.8166 -0.086 0.086 ; 

0.8333 -0.079 0.079 
0.85 -0.076 0:076 

0,8666 -0.07 0:07 
0.8833 -0.06 0,06 

0.9 -0.06 0;06 
0.9166 -0.054 0~054 
0.9333 -0.051 0}051 

0.95 -0,048 0~048 
0.9666 -0~041 0,041 
0.9833 -0;038 0~038 

1 -0.038 0~038 
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BD4BBR 

BDM-96-04B Rising Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 -0.012 0.012 
1.4 -0.006 0.006 
1.6 -0.003 0.003 
1.8 0 0 
2 0 0 

2.2 -0.003 0.003 
2.4 0 0 
2.6 0 0 
2.8 0 0 
3 0.003 0.003 

3.2 0 0 
3.4 0.003 0.003 
3.6 0 0 
3.8 0 0 
4 0 0 

4.2 -0.003 0.003 
4.4 0 0 
4.6 0.003 0.003 
4.8 0 0 
5 0 0 

5.2 0.003 0.003 
5.4 0 0 
5.6 0 0 
5.8 0 0 
6 0.003 0.003 

6.2 0.003 0.003 
6.4 0 0 
6.6 0.003 0.003 
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8D4BCR 

BDM-96-04B Rising Head Permeability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.009 0.009 
0.0033 0.009 0.009 
0.0066 0.009 0.009 

0.01 0.003 0.003 
0.0133 0.006 0.006 
0.0166 0.009 0.009 

0.02 -0.159 0.159 
0.0233 -1.833 1.833 
0.0266 -1.938 1.938 

0.03 -2.81 2.81 
0.0333 -2.404 2.404 
0.0366 -2.551 2.551 
0.04 -2.701 2.701 

0.0433 -2.647 2.647 
0.0466 -2.545 2.545 

0.05 -2.51 2.51 
0.0533 -2.481 2.481 
0.0566 -2.439 2.439 

0.06 -2.395 2.395 
0.0633 -2.36 2.36 
0.0666 -2.318 2.318 

0.07 -2.296 2.296 
0.0733 -2.258 2.258 
0.0766 -2.238 2.238 

0.08 -2.2 2.2 
0.0833 -2.174 2.174 
0.0866 -2.149 2.149 

0.09 -2.123 2.123 
0.0933 -2.101 2.101 
0.0966 -2.072 2.072 

0.1 -2.05 2.05 
0.1033 -2.024 2.024 
0.1066 -1.989 1.989 

0.11 -1.97 1.97 
0.1133 -1.964 1.964 
0.1166 -1.938 1.938 

0.12 -1.913 1.913 
0.1233 -1.884 1.884 
0.1266 -1.871 1.871 

0.13 -1.849 1.849 
0.1333 -1.826 1.826 
0.1366 -1.807 1.807 

0.14 -1.782 1.782 
0.1433 -1.769 1.769 
0.1466 -1.743 1.743 

0.15 -1.724 1.724 
0.1533 -1.692 1.692 
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8D4BCR 

BDM-96-04B Rising Head Permeability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -1.689 1.689 
0.16 -1.667 1.667 

0.1633 -1.648 1.648 
0.1666 -1.632 1.632 

0.17 -1.613 1.613 
0.1733 -1.597 1.597 
0.1766 -1.581 1.581 

0.18 -1.565 1.565 
0.1833 -1.546 1.546 
0.1866 --1.53 1.53 

0.19 -1.514 1.514 
0.1933 -1.482 1.482 
0.1966 -1.478 1.478 

0.2 -1.463 1.463 
0.2033 -1.447 1.447 
0.2066 -1.434 1.434 

0.21 -1.415 1.415 
0.2133 -1.405 1.405 
0.2166 -1.386 1.386 

0.22 -1.373 1.373 
0.2233 -1.357 1.357 
0.2266 -1.341 1.341 

0.23 -1.328 1.328 
0.2333 -1.316 1.316 
0.2366 -1.3 1.3 

0.24 -1.287 1.287 
0.2433 -1.274 1.274 
0.2466 -1.258 1.258 

0.25 -1.249 1.249 
0.2533 -1.233 1.233 
0.2566 -1.22 1.22 

0.26 -1.204 1.204 
0.2633 -1.194 1.194 
0.2666 -1.181 1.181 

0.27 -1.166 1.166 
0.2733 -1.159 1.159 
0.2766 -1.143 1.143 

0.28 -1.13 1.13 
0.2833 -1.118 1.118 
0.2866 -1.105 1.105 

0.29 -1.095 1.095 
0.2933 -1.082 1.082 
0.2966 -1.073 1.073 

0.3 -1.06 1.06 
0.3033 -1.051 1.051 
0.3066 -1.041 1.041 

0.31 -1.028 1.028 
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8D4BCR 

BDM-96-04B Rising Head Permeability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 -1.019 1.019 
0.3166 -1.006 1.006 

0.32 -0.996 0.996 
0.3233 -0.983 0.983 
0.3266 -0.974 0.974 

0.33 -0.968 0.968 
0.3333 -0.955 0.955 

0.35 -0.9 0.9 
0.3666 -0.846 0.846 
0.3833 -0.798 0.798 

0.4 -0.75 0.75 
0.4166 -0.709 0.709 
0.4333 -0.667 0.667 

0.45 -0.629 0.629 
0.4666 -0.591 0.591 
0.4833 -0.555 0.555 

0.5 -0.52 0'. 52 
0.5166 -0.495 0.'495 
0.5333 .. Q.463 0.463 

0.55 -0,4~7 0.437 
0.5666 ;;.Q;409 ·0:40"9 
0.5833 ~0.383 0.383 

0;6 -0.361 0.361 
0.6166 -0.341 0.341' 
0.6333 -0.319 :0.31'9 

0'.65 -0;3 0.3 
0.6666 -0.284 0.284 
0.6833 -0.268 0.268 

0.7 -0~249 0.249 
0.7166 -0,233 '0.233' 
0.7333 -0;22 :0,22 

0.75 -0,204 0.204 
0.7666 -0.195 0.1-95 
0.7833 -0;179 0.1:.79 

0.8 -0.172 0.172 
0.8166 -0:163 0.1 63 
0;8333 -0.15 0.15 

0.85 -0.143 O_.f43 
0:8666 -0.131 0.131 
0.8833 -'0.127 0.127 

0.9 -0.115 0.115 
0.9166 -0: 111 0.111 
0.9333 -0;102 0.102 

' 0.95 -0.095 Oi095 
0.9666 -0;089 0:089 
0.9833 -0.086 0.086 

1 -0.079 0.079 
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8D4BCR 

BDM-96-048 Rising Head Penneability Test No. 3 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 -0.028 0.028 
1.4 -0.012 0.012 
1.6 -0.006 0.006 
1.8 -0.003 0.003 
2 -0.003 0.003 

2.2 0 0 
2.4 0 0 
2.6 0 0 
2.8 0 0 
3 0 0 

3.2 0.003 0.003 
3.4 0 0 
3.6 0 0 
3.8 0 0 
4 0 0 

4.2 0 0 
4.4 0 0 
4.6 0 0 
4.8 0 0 
5 -0.003 0.003 

5.2 0 0 
5.4 0.003 0.003 
5.6 0 0 
5.8 0 0 
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8D4BAF 

BDM-96-04B Falling Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0 0 
0.0033 0.009 0.009 
0.0066 -0.006 0.006 

0.01 0 0 
0.0133 0.012 0.012 
0.0166 0.025 0.025 

0.02 0.019 0.019 
0.0233 0.012 0.012 
0.0266 0.009 0.009 

0.03 ·0.012 0.012 
0.0333 0.012 0.012 
0.0366 0.009 0.009 
0.04 0.006 0.006 

0.0433 0.012 0.012 
0.0466 0.009 0.009 

0.05 0.012 0.012 -
0.0533 0.952 0.952 
0.0566 0.808 0.808 

0.06 1.281 1.281 
0.0633 1.482 1.482 
0.0666 1.543 1.543 

0.07 1.601 1.601 
0.0733 1.971 1.971 
0.0766 2.176 2.176 

0.08 2.237 2.237 
0.0833 2.23 2.23 
0.0866 2.333 2.333 

0.09 2.259 2.259 
0.0933 2.32 2.32 
0.0966 2.179 2.179 

0.1 2.166 2.166 
0.1033 2.214 2.214 
0.1066 2.179 2.179 

0.11 2.186 2.186 
0.1133 2.192 2.192 
0.1166 2.013 2.013 

0.12 2.093 2.093 
0.1233 1.965 1.965 
0.1266 1.412 1.412 

0.13 1.121 1.121 
0.1333 1.166 1.166 
0.1366 1.294 1.294 

0.14 1.559 1.559 
0:1433 1.652 1.652 
0.1466 1.671 1.671 

0.15 1.633 1.633 
0.1533 1.565 1.565 
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BD4BAF 

BDM-96-048 Falling Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 1.498 1.498 
0.16 1.457 1.457 

0.1633 1.428 1.428 
0.1666 1.418 1.418 - -0.17 1.412 1.412 
0.1733 1.402 1.402 
0.1766 1.386 1.386 

0.18 1.364 1.364 
0.1833 1.342 1.342 
0.1866 1.322 1.322 

0.19 1.31 1.31 
0.1933 1.294 1.294 
0.1966 1.271 1.271 

0.2 1.252 1.252 
0.2033 1.239 1.239 
0.2066 1.233 1.233 

0.21 1.22 1.22 
0.2133 1.214 1.214 
0.2166 1.195 1.195 

0.22 1.179 1.179 
0.2233 1.163 1.163 
0.2266 1.143 1.143 

0.23 1.127 1.127 
0.2333 1.115 1.115 
0.2366 1.105 1.105 

0.24 1.089 1.089 
0.2433 1.08 1.08 
0.2466 1.067 1.067 

0.25 1.054 1.054 
0.2533 1.041 1.041 
0.2566 1.028 1.028 

0.26 1.016 1.016 
0.2633 1.003 1.003 
0.2666 0.993 0.993 

0.27 0.98 0.98 
0.2733 0.968 0.968 
0.2766 0.955 0.955 

0.28 0.945 0.945 
0.2833 0.936 0.936 
0.2866 0.923 0.923 

0.29 0.913 0.913 
0.2933 0.904 0.904 
0.2966 0.891 0.891 

0.3 0.881 0.881 
0.3033 0.872 0.872 
0.3066 0.862 0.862 

0.31 0.849 0.849 
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BD4BAF 

BDM-96-04B Falling Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0.84 0.84 
0.3166 0.83 0.83 

0.32 0.824 0.824 
0.3233 0.814 0.814 
0.3266 0.805 0.805 

0.33 0.795 0.795 
0.3333 0.786 0.786 

0.35 0.741 0.741 
0.3666 0.696 0.696 
0.3833 :o.655 0.655 

0.4 0.616 0.616 
0.4166 0.584 0.584 
0.4333 0.549 0.549 

0.45 0.517 0.517 
0.4666 0.488 0.488 
0.4833 0.466 0.466 

0.5 0,44 0.44 
0;5166 OA12 0.41'2 
0.5333 0,389 0.389 

0.55 0"37 0,37 
0.5666 0;348 . . •· 0.348 
0.5833 0.329 .. 0.329 

0,6 0.316 0.316 
0:6166 0;3 0.3 
0,6333 0.284 0.284 

0.65 0:271 0.271 ' 

0.6666 0.258 0.258 
0.6833 0;245 0.246 

0.7 0.233 0.233 
0.7166 0.22 0.22 
0.7333 0.21 · 0~21 

0.75 0.19.8 0.198 : 

0.7666 0.185 0.185 ~ 

0.7833 0.178 0.178 
0.8 0.166 0.166 

0.8166 0.162 0.162 
0.8333 0.15 0.15 

0.85 0.146 0.146 
0.8666 0.137 0.137 
0.8833 0.134 0.134 :~ 

0.9 0.13 0.13 
0.9166 0.124 0.124 
0.9333 0j18 0.118 

0.95 0.111 .o.t11 
0.9666 0.108 0.108 
0.9833 0.108 0.108 

1 0.099 0;099 
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8D4BAF 

BDM-96-04B Falling Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.051 0.051 
1.4 0.038 0.038 
1.6 0.028 0.028 
1.8 0.019 0.019 
2 0.015 0.015 

2.2 0.015 0.015 
2.4 0.012 0.012 
2.6 0.012 0.012 
2.8 0.006 0.006 
3 0.009 0.009 

3.2 0.009 0.009 
3.4 0.012 0.012 
3.6 0.009 0.009 
3.8 0.009 0.009 
4 0.009 0.009 

4.2 0.009 0.009 
4.4 0.003 0.003 
4.6 0.006 0.006 
4.8 0.006 0.006 
5 0.009 0.009 

5.2 0.009 0.009 
5.4 0.006 0.006 
5.6 0.006 0.006 
5.8 0.006 0.006 
6 0.009 0.009 

6.2 0.009 0.009 
6.4 0.009 0.009 
6.6 0.009 0.009 
6.8 0.006 0.006 
7 0.006 0.006 

7.2 0.009 0.009 
7.4 0.009 0.009 
7.6 0.006 0.006 
7.8 0.006 0.006 
8 0.009 0.009 

8.2 0.009 0.009 
8.4 0.006 0.006 
8.6 0.006 0.006 
8.8 0.006 0.006 
9 0.009 0.009 

9.2 0.009 0.009 
9.4 0.009 0.009 
9.6 0.006 0.006 
9.8 0.009 0.009 
10 0.009 0.009 
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BD4BBF 

BDM-96-04B Falling Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0 0 
0.0066 0.003 0.003 

0.01 0.003 0.003 
0.0133 0 0 
0.0166 0 0 

0.02 0 0 
0.0233 0 0 
0.0266 0 0 

0.03 0 0 
0.0333 0.003 0.003 
0.0366 -0.019 0.019 

0.04 0.025 0.025 
0.0433 0.003 0.003 
0.0466 0.015 0.015 

0.05 0.006 0.006 
0.0533 0 0 
0.0566 0.012 0.012 

0.06 0.006 0.006 
0.0633 0.006 0.006 
0.0666 0.006 0.006 

0.07 0 0 
0.0733 0.009 0.009 
0.0766 -0.003 0.003 

0.08 -0.006 0.006 
0.0833 0.003 0.003 
0.0866 0 o 

0.09 0 0 
0.0933 0.003 0.003 
0.0966 0.009 0.009 

0.1 0.124 0.124 
0.1033 0.463 0.463 
0.1066 0.747 0.747 

0.11 1.057 1.057 
0.1133 0.977 0.977 
0.1166 1.482 1.482 

0.12 1.604 1.604 
0.1233 1.581 1.581 
0.1266 1.69 1.69 

0.13 1.661 1.661 
0.1333 1.824 1.824 
0.1366 1.959 1.959 

0.14 1.946 1.946 
0.1433 1.738 1.738 
0.1466 2.099 2.099 

0.15 2.246 2.246 
0.1533 2.246 2.246 
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8D4BBF 

BDM-96-04B Falling Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 2.377 2.377 
0.16 2.374 2.374 

0.1633 2.362 2.362 
0.1666 2.173 2.173 

0.17 1.978 1.978 
0.1733 1.77 1.77 
0.1766 1.722 1.722 

0.18 1.786 1.786 
0.1833 2.019 2.019 
0.1866 2.214 2.214 

0.19 2.336 2.336 
0.1933 1.668 1.668 
0.1966 1.175 1.175 

0.2 1.092 1.092 
0.2033 1.105 1.105 
0.2066 1.326 1.326 

0.21 1.585 1.585 
0.2133 1.69 1.69 
0.2166 1.674 1.674 

0.22 1.578 1.578 
0.2233 1.479 1.479 
0.2266 1.425 1.425 

0.23 1.402 1.402 
0.2333 1.406 1.406 
0.2366 1.399 1.399 

0.24 1.39 1.39 
0.2433 1.37 1.37 
0.2466 1.351 1.351 
0.25 1.332 1.332 

0.2533 1.316 1.316 
0.2566 1.297 1.297 

0.26 1.287 1.287 
0.2633 1.271 1.271 
0.2666 1.259 1.259 

0.27 1.243 1.243 
0.2733 1.227 1.227 
0.2766 1.214 1.214 

0.28 1.201 1.201 
0.2833 1.185 1.185 
0.2866 1.172 1.172 

0.29 1.156 1.156 
0.2933 1.147 1.147 
0.2966 1.131 1.131 

0.3 1.121 1.121 
0.3033 1.105 1.105 
0.3066 1.096 1.096 

0.31 1.08 1.08 
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8D4BBF 

BDM-96-04B Falling Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 1.07 1.07 
0.3166 1.057 1.057 

0.32 1.048 1.048 
0.3233 1.035 1.035 
0.3266 1.025 1.025 

0.33 1.009 1.009 
0.3333 1 1 

0.35 0.942 0.942 
0.3666 0.885 0.885 
0.3833 0.837 0.837 

0.4 0.786 0.786 
0.4166 0.76 0.76 
0.4333 0.718 0.718 

0.45 0.683 0.683 
0.4666 0.648 0.648 
0.4833 0.613 0.613 

0 .. 5 ·,0.57~ ·0.5.18, 
0.5166 0;546 0;54if 
0,5333 0.517 0.51i7 

0,55 0.495 0;495 · 
0.5666 0;466 . .. 0;466 
0.5833 0.444 0.444 · ~ · 

0;6 0.421 0.421 
0.6166 0,396 0.396 
0,6333 0:377 0'.377' 

0.65 Oi357 0.35"7 
0,6666 0;345 o:3's 
0.6833 '.0:322 0.322 :: 

0.7 0.309 ·0.309:,-
0.7166 0.293 0.293 
0.7333 0.281 0.28~1 ' 

0.75 0.268 0:268· 
0.7666 0;255 0.25,5 ;_ 

0.7833 0.242 .,0i242° 
0,8 0'.23 0,2,3 

0.8166 0.22 0~22 
0,8333 0.21 0_.2,1 

0;85 0.204 0.204 
0.8666 0.191 0.191 

' 
0.8833 0;178 0.178 

0,9 0.172 0.17:2 
0.9166 0,166 -0 .. 166 
0:9333 0.156 -0.1'56 

. 
0,95 0.15 0.15 

0.9666 0.143 0.14·3 
0.9833 0.137 0.137 

1 0.13 0.1'3 
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BD4BBF 

BDM-96-04B Falling Head Penneability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.07 0.07 
1.4 0.047 0.047 
1.6 0.031 0.031 
1.8 0.022 0.022 
2 0.019 0.019 

2.2 0.009 0.009 
2.4 0.009 0.009 
2.6 0.012 0.012 
2.8 0.009 0.009 
3 0.012 0.012 

3.2 0.009 0.009 
3.4 0.012 0.012 
3.6 0.009 0.009 
3.8 0.012 0.012 
4 0.006 0.006 

4.2 0.006 0.006 
4.4 0.012 0.012 
4.6 0.009 0.009 
4.8 0.009 0.009 
5 0.009 0.009 

5.2 0.009 0.009 
5.4 0.009 0.009 
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BD05AR 

BDM-96-0SX Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0.003 0.003 
0.0066 0.003 0.003 

0.01 0.003 0.003 
0.0133 0.006 0.006 
0.0166 0.003 0.003 

0.02 0.009 0.009 
0.0233 -0.127 0.127 
0.0266 -0.755 0.755 

0.03 -0.902 0.902 
0.0333 -0.599 0.599 
0.0366 -0.42 0.42 

0,04 -0.27 0.21· 
0.0433 -0.146 0.146 
0.0466 -0.07-6 0.076 

0.05 -0.03-1 0.031 .. 

0.0533 -0.025 0.025 
0.0566 -0.022 0.022 

0.06 -0.025 0.025 
0.0633 -0.019 0.019 
0.0666 -0.022 0.022 

0.07 -0.019 0.019 
0.0733 -0.019 0.019 
0.0766 -0.009 0.009 

0.08 -0.012 0.012 
0.0833 -0.009 0.009 
0.0866 -0.009 0.009 

0.09 -0.009 0.009 
0.0933 -0.006 0.006 
0.0966 -0.009 0.009 

0.1 0 0 
0.1033 -0.003 0.003 
0.1066 -0.003 0.003 

0.11 -0.006 0.006 
0.1133 -0.003 0.003 
0.1166 -0.003 0.003 

0.12 -0.003 0.003 
0.1233 -0.003 0.003 
0.1266 -0.003 0.003 

0.13 0 0 
0.1333 -0.003 0.003 
0.1366 0 0 

0.14 0 0 
0.1433 0 0 
0.1466 -0.003 0.003 

0.15 0 0 
0.1533 0 0 
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8D05AR 

BDM-96-05X Rising Head Permeability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.1566 -0.003 0.003 
0.16 -0.003 0.003 

0.1633 -0.003 0.003 
0.1666 -0.003 0.003 

0.17 -0.003 0.003 
0.1733 -0.003 0.003 
0.1766 0 0 

0.18 0 0 
0.1833 0 0 
0.1866 -0.003 0.003 

0.19 -0.003 0.003 
0.1933 0 0 
0.1966 0.003 0.003 

0.2 0.003 0.003 
0.2033 0 0 
0.2066 -0.003 0.003 

0.21 0 0 
0.2133 0.003 0.003 
0.2166 0 0 

0.22 0 0 
0.2233 0 0 
0.2266 0.003 0.003 

0.23 0 0 
0.2333 0 0 
0.2366 0 0 

0.24 0 0 
0.2433 0 0 
0.2466 0 0 

0.25 0.003 0.003 
0.2533 0 0 
0.2566 0.003 0.003 

0.26 0 0 
0.2633 0 0 
0.2666 0 0 

0.27 0 0 
0.2733 0.003 0.003 
0.2766 0 0 

0.28 0 0 
0.2833 0 0 
0.2866 0 0 

0.29 0.003 0.003 
0.2933 0 0 
0.2966 0 0 

0.3 0 0 
0.3033 0 0 
0.3066 0 0 

0.31 0.003 0.003 
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BD0SAR 

BDM-96-0SX Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0 0 
0.3166 0 0 

0.32 0 0 
0.3233 0 0 
0.3266 0 0 

0.33 0 0 
0.3333 0 0 

0.35 0 0 
0.3666 0 0 
0.3833 0 0 

0.4 0 0 
0.4166 0 0 
0.4333 0.003 0.003 

0.45 0.003 0.003 
0.4666 0 0 
0.4833 0.003 0.003 

0.5 0 0 
0.5166 0.003 0.003 
0.5333 0 0 

0.55 0.003 0.003 
0.5666 0.003 0.003 
0.5833 0.003 0.003 

0.6 0.003 0.003 
0.6166 0.003 0.003 
0.6333 0.003 0.003 

0.65 0.003 0.003 
0.6666 0.003 0.003 
0.6833 0 0 

0.7 0.003 0.003 
0.7166 0 0 
0.7333 0.003 0.003 

0.75 0 0 
0.7666 0.003 0.003 
0.7833 0.003 0.003 

0.8 0.003 0.003 
0.8166 0.003 0.003 
0.8333 0 0 

0.85 0.003 0.003 
0.8666 0.003 

, 
0.003 

0.8833 0 0 
0.9 0 0 

0.9166 0.003 0.003 
0.9333 0 0 

0.95 0 0 
0.9666 0.003 0.003 
0.9833 0 0 

1 0.003 0.003 
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BD0SAR 

BDM-96-0SX Rising Head Penneability Test No. 1 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.003 0.003 
1.4 0 0 
1.6 0.003 0.003 
1.8 0 0 
2 0.003 0.003 

2.2 0.003 0.003 
2.4 0.003 0.003 
2.6 0.003 0.003 
2.8 0.006 0.006 
3 0.003 0.003 

3.2 0.003 0.003 
3.4 0.003 0.003 
3.6 0.003 0.003 
3.8 0 0 
4 0 0 

4.2 0.003 0.003 
4.4 0.003 0.003 
4.6 0.003 0.003 
4.8 0.006 0.006 
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BD05BR 

BDM-96-0SX Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0 0.003 0.003 
0.0033 0.006 0.006 
0.0066 0.006 0.006 

0.01 0.006 0.006 
0.0133 0.006 0.006 
0.0166 -0.022 0.022 

0.02 -0.321 0.321 
0.0233 -0.643 0.643 
0.0266 -0.573 0.573 

0.03 -0.475 0.475 
0.0333 -0.331 0.331 
0.0366 -0.2 0:2 

0.04 -0.111 0.1'1:1 
0.0433 -0:057 0.057 
0,0466 -0.028 0.028 ,. 

0.05 -0.025 0.025 
0.0533 -0.022 0.022 
0.0566 -0.019 0.019 

0.06 -0.015 0.015 
0.0633 -0.019 0.019 
0.0666 -0.015 0.015 

0.07 -0.012 0.012 
0.0733 -0.012 0.012 
0.0766 -0.003 0.003 

0.08 -0.006 0.006 
0.0833 -0.006 0.006 
0.0866 -0.003 0.003 

0.09 -0.003 0.003 
0.0933 0 0 
0.0966 0 0 

0.1 0 0 
0.1033 0 0 
0.1066 0 0 

0.11 0 0 
0.1133 0 0 
0.1166 0.003 0.003 

0.12 0.003 0.003 
0.1233 0 0 
0.1266 0 0 

0.13 0 0 
0.1333 0 0 
0.1366 0 0 

0.14 0.003 0.003 
0.1433 0.003 0.003 
0.1466 0.003 0.003 

0.15 0.003 0.003 
0.1533 0.003 0.003 

Page 1 



BD05BR 

BDM-96-0SX Rising Head Permeability Test No. 2 

Time (min) Delta H (ft} Absolute 
' Value H (ft) 

0.1566 0.006 0.006 
0.16 0.003 0.003 

0.1633 0.003 0.003 
0.1666 0.003 0.003 

0.17 0.003 0.003 
0.1733 0.003 0.003 
0.1766 0.003 0.003 

0.18 0.003 0.003 
0.1833 0.003 0.003 
0.1866 0.003 0.003 

0.19 0.003 0.003 
0.1933 0.003 0.003 
0.1966 0.003 0.003 

0.2 0.003 0.003 
0.2033 0.003 0.003 
0.2066 0 0 

0.21 0.003 0.003 
0.2133 0.003 0.003 
0.2166 0.006 0.006 

0.22 0.003 0.003 
0.2233 0.003 0.003 
0.2266 0.003 0.003 

0.23 0.003 0.003 
0.2333 0.003 0.003 
0.2366 0.003 0.003 

0.24 0.006 0.006 
0.2433 0.003 0.003 
0.2466 0.003 0.003 

0.25 0 0 
0.2533 0.003 0.003 
0.2566 0.006 0.006 

0.26 0.003 0.003 
0.2633 0 0 
0.2666 0.003 0.003 

0.27 0.003 0.003 
0.2733 0.003 0.003 
0.2766 0.003 0.003 

0.28 0.003 0.003 
0.2833 0.003 0.003 
0.2866 0.003 0.003 

0.29 0.003 0.003 
0.2933 0.003 0.003 
0.2966 0.003 0.003 

0.3 0.003 0.003 
0.3033 0.003 0.003 
0.3066 0.003 0.003 

0.31 0.003 0.003 
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BD05BR 

BDM-96-0SX Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

0.3133 0.003 0.003 
0.3166 0.006 0.006 

0.32 0.003 0.003 
0.3233 0.003 0;003 
0.3266 0.003 0.003 

0.33 0.003 0.003 
0.3333 0.003 0.003 

0.35 0.006 0.006 
0.3666 0.006 0.006 
0.3833 0.003 0.003 

0.4 0.006 0.006 
0.4166 0.006 0.006 
0.4333 0.006 0.006 

0.45 0.003 0.003 
0.4666 0.006 0.006 
0.4833 0.006 0.006 

0.5 0.006 0.006 
0.5166 0.006 0.006 
0.5333 0.003 0.003 

0.55 0.003 0.003 
0.5666 0.006 0.006 
0.5833 0.006 0.006 

0.6 0.003 0.003 
0.6166 0.006 0.006 
0.6333 0.006 0.006 

0.65 0.006 0.006 
0.6666 0.003 0.003 
0.6833 0.006 0.006 

0.7 0.006 0.006 
0.7166 0.006 0.006 
0.7333 0.003 0.003 

0.75 0.003 . 0.003 
0.7666 0.006 0.006 
0.7833 0.006 0.006 

0.8 0.006 0.006 
0.8166 0.003 0.003 
0.8333 0.006 0.006 

0.85 0.006 0.006 
0.8666 0.006 0.006 
0.8833 0.006 0.006 

0.9 0.006 0.006 
0.9166 0.006 0.006 
0.9333 0.006 0.006 

0.95 0.003 0.003 
0.9666 0.006 0.006 
0.9833 0.006 0.006 

1 0.006 0.006 
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8D058R 

BDM-96-0SX Rising Head Permeability Test No. 2 

Time (min) Delta H (ft) Absolute 
Value H (ft) 

1.2 0.006 0.006 
1.4 0.003 0.003 
1.6 0.006 0.006 
1.8 0.003 0.003 
2 0.006 0.006 

2.2 0.006 0.006 
2.4 0.006 0.006 
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ESTIMATES OF HYDRAULIC CONDUCTIVITY 
BASED UPON GRAIN SIZE DISTRIBUTION 

AOC 63BD 
DEVENS, MASSACHUSETTS 

Hazen Method: K=d1l 

Sheet1 

Where: K = hydraulic conductivity expressed as cm/sec 

Masch and Denny: 

d10 = grain size diameter (in mm) at which 10% by wieght of the soil particles are finer 

Graphical method employing the inclusive standard deviation (cr) and the median grain size (d50) 
See attached plot 

Sample d10 ds du, dso d34 d95 incl. std. dev (cr) 

Exploration Depth (ft bgs) (mm) (mm) (mm) (mm) (mm) (mm) (phi units) 

BDM-96-0lX 27 0.23 0.11 0.27 0.5 0.9 2.2 1.09 
BDM-96-02X 29 0.215 0.1 0.3 0.83 5.62 2.1 1.72 
BDM-96-03X 29 0.254 0.14 0.3 0.61 1.37 2.2 1.15 
BDM-96-04B 50 0.033 0.017 0.0058 2.04 24 35 4.67 
BDM-96-05X 29 0.327 0.1 0.48 1.6 10.7 21 2.29 

,, 

Page 1 

K=d102. Hazen K via Masch and Denny 
(cm/sec) (cm/sec) 

5E-2 2E-2 
5E-2 5E-3 
6E-2 2E-2 
IE-3 NA 
IE-I NA 



/-z_ J '0 -6. ()/ :,,.f, •o ,(So . .,!, """'~'l, 

-5r tJo I> z_ S!.so·o 31,0 . ")~ . ""'~)!_ 

z.·z @~ 
),I. 

l:,C/ [:_'O_J..;.z )(fO · 9'.lb '"""~'i!. 

@ ,·-~ I• l:"' ·..,s;; c·~ .,._z.o · '1.!, ·w~~ 
I -Z: 

-z·z I I . ~ . tl · r, 

-1'.IO·~b•W~!_ .J"l:, r :s 'f' .... -p ..,, f 

")"~ I, 
_ .. 1, F' --~p 

~ 

.r,.0 
l•l r" -,,,,, : 

""C"'"'"l~-f'-11?~17fe/ 

o,x Qo '/ 
,-t.z.~-o (,~-Z.) 

01 >( / 1/ ~r-o· o {,0..5} E-

(-w:-o,~_-:;t,· r;) Q/')( _<;-'? _/2,_c;-Z '9 (.bz) ~-

'Z -
o/X IJ iY ..S/Z. o (,~z) 

~-o"'X5 £Z'0 (,t2) 
- r~/-=-> >I (-ww) "''f 

-v? r';:::r' ..,~(lb 'f'.,.,., u ~ 71~ 7 >:U' ~o 

..J'P?~V--7 ,.(fl_. ;( 0/ n•::Jl#-7 J. 17' ~"l.L-i-.... .... 1~ '1'!. '.S' (""1~? ot f 

1.'J-o;-,,,±,R 
·oN aor 

AB '>tH:::> 

AB 'dlAIO:::> 

xso · -,~ · ..,,,.'1U 

'ii }-,0. ,.,~ . "M~'i!_ 

X r, 0 • .,.!, • VM'-'.2._ 

'X.'2.0·"").!:, -~Q.'Q, 

::it.10-"'J~ -w~2..., 
.,..,..,,~ 

I 



GRAIN SIZE DISTRIBUTION TEST REPORT 
C ,- C - C ._ 
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GRAIN SIZE - mm 
.r~• . 

% +3" % GRAVEL % SAND %.FINES 

• 0.0 28.7 67. 1 4 . 2 

LL Pl Dg5 D60 D50 030 D15 I 0 ,o Cc Cu 

• I -- -- 10.72 2.42 1 . 60 0.840 0.4781 10 . .3270 0.89 7.4 

MATERIAL DESCRiPTiON >uses .;,: '-.~· . ,• ~~ ., 
AASHTO 
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-d .,I'!,,;'• 1 ~ ·T _!. 

Project No.: 8740.02 . -~~rrid/:'f.<$: 

Pr.o iect: Fo'rt Devens - Task 7 ' ~ . . , Scil,11~ I e N~. '.·MX800529 
• Location: Ayer. MA 

Dote : August 5, 1996 
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