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PREFACE
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Suite 2, Tyndall Air Force Base, FL 32403-5323 for contract numbers F08635-93-C0020, SSG
Subtask 8.05 and F08637-98-C6002 SSG Subtask 32.03S.

This final report describes a project to compare the performance of direct push
monitoring wells with that of conventionally-installed wells for long-term groundwater
monitoring of corrective action sites.

The authors wish to acknowledge the technical and logistical support of Tom Best of
Hanscom AFB, USAF 66 SPTG/CEVR and of the technical support of the Environmental
Protection Agency Region 1 and the Air Force Center for Environmental Excellence.

The work was performed between August 1996 and February 2000. The AFRL/MLQL
project officers were Mr. Bruce Nielsen, 1Lt Debbie Davis, and 1Lt Gina Graziano.
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EXECUTIVE SUMMARY

Beginning late in 1996, the Air Force Research Laboratory undertook the first phase of a
long-term program to compare the performance of direct push monitoring wells with that of
conventionally-installed wells for long-term groundwater monitoring of corrective action sites.
On average, long term monitoring accounts for nearly a third of the life cycle cost of corrective
action. Wells emplaced using direct push technology have been shown to be less costly to install
than conventional, auger-drilled wells. However, their use for long-term monitoring does not yet
enjoy widespread regulatory acceptance.

The goals of the project reported here were to (a) emplace 40 or more direct push wells in
proximity to, and paired with, conventional auger-drilled wells at an Air Force corrective action
site, matching well construction details as closely as practical, (b) to collect and analyze samples
from both well types in the matched pairs on two separate occasions for laboratory analysis of
volatile organic chemicals (VOCs) in groundwater, and (c) to determine whether any statistically
significant difference in the outcome of the VOC analyses resulted from the difference in
installation method of the wells.

Sites at Hanscom Air Force Base (AFB) and Hanscom Field were selected as the
locations at which to conduct the study. A comprehensive Work Plan was prepared and received
the approval of the Air Force Center for Engineering Excellence (AFCEE) and state
(Massachusetts) and federal (US Environmental Protection Agency, Region 1) regulators. The
Work Plan included protocols for well installation, sampling, chemical analysis, and statistical
comparisons, as well as a site specific Health and Safety Plan (HASP) and Quality Assurance
Project Plan (QAPP).

Sixty-four existing conventional monitoring wells were selected as candidates with which
to compare the performance of direct pushed wells. Direct pushed wells were successfully
installed adjacent to 43 of these existing wells, creating the same number of matched pairs.
Screen lengths and elevations of screened intervals, as well as well diameter, were matched as
closely as possible in all pairs. However, screen slot sizes were allowed to vary in some cases, as
was the schedule (or duty) of PVC riser used, due to the unique demands of direct push
installation. Wells were installed to depths as shallow as 13 feet and as great as 65 feet.

Two rounds of sampling and analysis were successfully completed between March 1997
and April 1999, adhering strictly to a low-flow sampling protocol and evaluating a suite of ten
volatile organic analytes. Paired data statistical tests were used to compare the performance of
the two well types because of their ability to neutralize the influence of extraneous factors (e.g.,
location of the well pair within the contaminant plume, location with regard to local variation in
the hydrogeology, length and depth of the screened interval, etc.) which may vary from pair to
pair but are assumed to have the same influence within each pair.

Statistical testing was conducted on the differences of paired observations of analyte
concentration, as well as on differences in water quality parameters measured during purging of
the wells for sample collection. In the cases where the distribution of differences (or differences
of log values) was found to be normally distributed by application of the Shapiro-Wilk W test,
the Student’s t test was applied to the data set to test the null hypothesis that the mean of
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differences was equal to zero. For cases in which the paired difference data were found to be
non-normally distributed, the Sign Test and Wilcoxen Signed Rank Test, non-parametric
equivalents to the paired data Student’s t test, were applied.

Volatile organic analytes included in the comparison consisted of trichloroethene, cis-1,2-
dichloroethene, trans-1,2-dichloroethene, vinyl chloride, 1,1-dichloroethane, benzene, toluene, o-
xylene, and 1,4-dichlorobenzene. Water quality parameters consisted of temperature, specific
conductivity, dissolved oxygen, pH, and turbidity.

With only one exception among all analytes and water quality parameters for which
results were compared, the results showed that no statistically significant difference between the
performance of the two well types could be discerned. The exception applied to the analytical
results for toluene obtained from the first round of sampling. This finding for toluene was not
reproduced in the second round results.

The findings provide support for the use of direct push monitoring wells for long-term
monitoring of corrective action. However, the support is limited to the selected volatile organic
analytes, water quality parameters, and physical well configurations included in the study, as well
as to the range of hydrogeologic conditions encountered at the study field site. It is hoped that a
subsequent phase of the program will be undertaken, allowing an expanded set of analytes,
additional direct-push well styles, and more hydrogeologic conditions to be examined and
evaluated based on additional sampling rounds.
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SECTION 1

INTRODUCTION

A. OBJECTIVES

In an effort to reduce the cost of characterization and long term monitoring at hazardous
waste sites, cone penetrometer testing (CPT) methods and other direct push technologies (DPT)
are increasingly being used to install groundwater monitoring wells faster and less expensively
than by conventional methods. A long-term program is envisioned to validate the long-term
performance of direct push installed wells (DPWs) so that they may become fully accepted for
long-term monitoring by EPA, other regulators, and groundwater professionals. The project
reported here, entitled Direct Push Monitoring Point Assessment, undertook the first phase of the
long-term program.

The specific objectives of the project were to: (1) use CPT, a direct push technology, to
install wells alongside conventional monitoring wells (CMWs), (2) collect and analyze
groundwater samples from the conventional and direct push installed well pairs as a means to
begin the validation of direct push installed wells for long term regulatory monitoring, and (3)
conduct a statistical comparison of the results obtained to evaluate the performance of direct-
pushed wells against the accepted baseline of auger-drilled wells for long-term monitoring.

One caveat in the study is notable. Comparing contaminant analytical results of
groundwater sampling from direct push installed wells (DPWs) to those from conventionally
installed auger drilled wells (CMWs) with the intent to determine their validity implies that the
CMWs produce empirically, or absolutely accurate monitoring results. In reality, there is no
universally accepted standard monitoring well or sampling method that produces absolutely
accurate representation of the groundwater. This is important because in this study we are not
measuring the accuracy with which samples from DPWs are representative of the groundwater,
we are only determining whether DPWs produce the same results, statistically, as CMWs.

B. BACKGROUND

1. Rationale

Installing monitoring wells by conventional methods is typically a time consuming and
costly component of site characterization and monitoring. It is becoming widely recognized that
direct push installation technologies are less costly than conventional approaches to well
installation. Direct push technologies have been used for several years for installing monitoring
points, which have mainly been used for water level determinations or to collect one-time
samples during initial site characterization. However, due to a lack of validation data, direct
push installation techniques have not been widely used and are not yet widely accepted for use in
long-term monitoring programs. This project reported here was conducted to evaluate the
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performance of DPT-installed wells for long-term monitoring of volatile organic compounds
(VOCs) in groundwater. It was not conducted as a cost comparison study.

2. Cone Penetration Testing

Among the most developed of direct push technologies is cone penetrometer testing
(CPT). CPT originated in the Netherlands about 1934 for geotechnical site investigations. The
first cones were used to perform mechanical measurements of the penetration resistance on a
conical tip at the end of a series of hollow, cylindrical rods (a "rod string") that were quasi-
statically "pushed" into the subsurface using the weight of a truck. A friction sleeve was added
to the cone in 1965 (Begemann, 1965). Electronic measurements replaced mechanical
measurements in 1948 and were further improved in 1971 (de Reister, 1971). Pore pressure
probes were introduced in 1975 (Torstensson, 1975 and Wissa et al., 1975), initially as
independent sensors, but were soon incorporated as part of "standard" CPT instrumentation. The
modern electronic CPT probe contains the primary geotechnical sensors for tip stress, sleeve
friction, and pore pressure along with a wide range of options such as an inclinometer to measure
the tilt of the probe, resistivity, soil moisture, pH as well as other physical and chemical
parameters. The standard cone is used widely in Europe for geotechnical investigations due to
the soft nature of many of the European soils. In the United States, significant efforts have been
made to develop larger, more robust CPT probes suitable for use in the stiffer United States soils
(especially in the western states). Major components of a complete CPT system are the
instrumented probe and rod string, the data acquisition and control unit, the hydraulic push
apparatus, and the vehicle on which the system is mounted. The common configuration provides
the reaction mass for a hydraulic push force of about 20 tons (18,000 kg). Standard procedures
for geotechnical application of the cone penetration test were established by the American
Society of Testing and Materials in 1986. This standard applies to probes of 1.44 in or 1.75 in
(3.658 cm or 4.445 cm) diameter.

3. CPT for Site Characterization

Using the cone penetrometer for environmental site characterization represents a
relatively recent application of the technology. Due primarily to the high cost of drilling at their
contaminant sites, both the Department of Defense (DOD) and Department of Energy (DOE)
have supported programs to develop advanced chemical sensors and sampling methods for CPT
(Bratton, et al., 1993; Gildea, et al., 1995; Montgomery, et al., 1996; Farrington and Bratton,
1997) as a means to reduce site characterization expenses. Significant advantages of CPT for site
characterization include:

e Eliminating drilling wastes and the need for treatment and disposal of drill spoils as
hazardous material;

e Providing continuous data on the subsurface stratigraphy in real time;
e Identifying thin layers of significantly different hydraulic conductivity;

e Eliminating the possibility of the crew being exposed to the potentially hazardous
material;
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¢ Reducing the possibility of cross-contamination (by pressure grouting the hole as the
probe is withdrawn); and

e Speed, when compared to conventional drilling and sampling.

CPT is an excellent platform for making continuous measurements through the depths of
contaminated soils. In addition, CPT is useful for pushing monitoring sensors into the
subsurface, for installing monitoring wells and points, and for taking gas, water, or soil samples
for environmental testing.

As mentioned previously, direct push technologies have been used to reduce the cost of
monitoring well installation. The wells used in this study differ from conventionally installed
wells in that they don’t have a sand pack around the screen area.

C. APPROACH

The Direct Push Monitoring Point Assessment project was devised to meet the objective
of assessing and validating the performance of direct push installed wells (DPWs) for long-term
monitoring of groundwater. This experimental program has been designed to determine if DPWs
provide groundwater samples comparable to those provided by wells installed by conventional
methods.

D. PROJECT SCOPE

The first step under the program was to use CPT to install a series of monitoring wells
adjacent to well-characterized, conventionally installed wells. This approach allows data
collected from each direct push well (e.g., chemical contaminant concentrations and water
quality parameters) to be directly compared against data collected at the same time from its
proximate conventional "paired" well with minimal impact from environmental variables
(seasonal factors, hydraulic gradient, bioactivity, etc.). Another important element of our
approach is to match the CPT-installed monitoring well physical characteristics (e.g., casing
diameter, screen depth and length, number of screen slots, casing material, etc.) as closely as
possible to those of the conventionally-installed wells, thereby limiting the comparison to the
installation technique and not the well configuration.

The second major element in the program is a long-term sampling and chemical analysis
program. The program is designed to be conducted over a minimum of 5 years in a series of
"rounds" where both the CPT-installed wells and their corresponding conventional wells are
sampled and analyzed for select VOCs using EPA-accepted procedures. Each round of chemical
constituent concentration data is analyzed statistically against the hypothesis that there is no
difference between the analytical results of samples obtained from CPT-installed well and those
obtained from conventionally installed monitoring wells. The statistical analysis is performed on
proximate well pairs and, if the hypothesis holds true over the duration of the program, will serve
to validate the performance of CPT installed wells.

The project reported here was to undertake the first phase of the overall Direct Push
Monitoring Point Assessment program. Under this project, we have initiated the Direct Push
Monitoring Assessment program at Hanscom Air Force Base and Hanscom Field near Boston,
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MA. CPT monitoring wells have been installed adjacent to conventionally-installed groundwater
monitoring wells at the sites and the first two rounds of sampling and analysis have been
completed. The remainder of this report describes the procedures developed under the program
and presents results for the initial two rounds of validation sampling and analysis. The report
concludes with our recommendations for further rounds of validation testing.
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SECTION I

TEST DESCRIPTION

A. PROJECT PLANNING

The first phase of the experiment consisted of developing a Work Plan. The Work Plan
outlined the purpose of the experiment, field conditions, field methods, analytical methods,
QA/QC procedures and safety. A copy of the Work Plan is included with this report as
Appendix A. To avoid duplication, the elements of the Work Plan are included herein by
reference only.

B. SITE DESCRIPTION

1. Background

The Direct Push Monitoring Point Assessment Program took place at two operable units,
OU-1 and OU-3, of Hanscom Field and Hanscom AFB. Hanscom AFB and Hanscom Field are
situated approximately 14 miles northwest of Boston, Massachusetts, in the towns of Bedford,
Concord and Lincoln. Hanscom Field is a civilian airport currently operated by the
Massachusetts Port Authority (Massport). Hanscom AFB is a military installation located
adjacent to and southeast of the airfield.

Prior to 1974, Hanscom Field was used as a military airport by the Air Force. During this
time, hazardous substances were generated by support operations and disposed of at different
sites on the airfield. In addition, flammable materials were ignited and extinguished during fire
training exercises performed at selected sites on the airfield. These sites, contained in OU-1, are
as follows:

Site 1: Fire Training Area II

Site 2: Paint Waste Disposal Area

Site 3: Jet Fuel Residue/Tank Sludge Disposal Area
Site 5: Fire Training Area L.

To assess potential soil and groundwater contamination associated with these previous
activities, Haley and Aldrich, Inc. (H&A) completed a remedial investigation culminating in a
report (“Installation Restoration Program, Phase IV-A, Remedial Investigation Report for Sites
1-5 of Area 1) dated May 1988. This assessment detected volatile organic compounds in
groundwater in three separate aquifers. In response to these findings, a groundwater treatment
facility was installed at the airfield. The treatment facility consists of three collection trenches
located at Sites 1,2, and 3, and four bedrock interceptor wells located along the northern
Hanscom Field property boundary. Collected groundwater is pumped to an air stripping tower,
treated, and then routed to a drainage ditch, which discharges into the wetlands to the north,
and/or routed to recharge basins at Sites 2 and 3, where it is reintroduced to the groundwater.
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Currently, groundwater is being collected from each of the installed trenches and bedrock
interceptor wells.

Figure 1. Hanscom AFB and Hanscom Field test site locations.
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2. Hydrogeologic Setting

Hanscom Field is located on a flat-lying plain with a general relief of less than 10 ft. over
a distance of approximately 3 miles. This feature is an ancient lake basin that was formed and
subsequently filled in by sediment during the last phase of glaciation in New England. The plain
extends beyond OU-1 to the north and west. To the south and east, this plain is bounded near the
limit of OU-1 by low-lying hills of glacial till and gravel. Other topographic features include
Hartswell Hill and Pine Hill. These are till-covered, isolated hills located at the northern and
western boundaries of OU-1, respectively. The hills provide a relief of approximately 100-ft
above the surrounding plain.

The principal drainage features in the vicinity of OU-1 are the Shawsheen River, which
originates in the east end of the air field and flows toward the northeast, and Elm Brook, which is
located west of the airfield and ultimately flows northwest and into the Shawsheen River.
Surface runoff at Hanscom Field is controlled by a storm drain system that includes drainage
ditches, culverts, and subdrains. This system drains into Elm Brook, the Shawsheen River and
the wetlands northeast of OU-1.

Test borings completed during an Installation Restoration Program have identified three
principal soil deposits underlying OU-1. From upper to lower, these soils are an outwash
section, a lacustrine section, and a till section. The till section is deposited above bedrock,
consisting primarily of granite, with lesser amounts of quartz diorite and gneiss.

The upper most outwash section measures O ft to 33 ft in thickness and consists primarily
of fine sand. Locally this unit is composed of medium to coarse sand with lesser amounts of
gravel. The underlying lacustrine section consists of interbedded silt, clay, and fine sand. The
unit varies in thickness from O ft to 60 ft. Beneath the lacustrine section is a till deposit which
locally grades into a lower outwash unit. This unit measures from O ft to 88 ft in thickness.

These geological units define three separate aquifers. The outwash section comprises the
area’s near-surface unconfined aquifer. The till section, positioned beneath a thick sequence of
lacustrine clay, silt and fine sand, forms a lower, semi-confined aquifer. A third aquifer has been
encountered by monitoring wells installed into bedrock.

C. SITE SELECTION

Before individual wells were selected for the study, each of the contaminated sites at
Hanscom AFB and Hanscom Field were evaluated against the data quality objectives. Sites 1, 2
and 21 were selected based on the range of contaminants present at the sites, distribution of
existing wells and ease of access to these sites. Obtaining access to each of these sites did not
impact operations on the AFB or at the air field.

Site 21, also known as the Fuels Site for this study, is located on Hanscom AFB,
southeast of the airfield (Figure 1). Site 21 was formerly used for fuel and gasoline storage and
distribution. Between 1945 and 1973 the site was used for jet fuel and aviation gasoline and
during the 1970s the site was only used for heating and fuel oils. During this period, several
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spills were identified in the vicinity of former buildings and areas of this site. In 1990 the storage
tanks were removed and the land is now in use as a general storage area. In September of 1995, a
soil vapor extraction and passive groundwater collection system began operation to remove
subsurface contamination.

1. Conventional Well Selection

From a list of all of the wells at sites 1, 2, and 21, a total of 64 possible locations were
selected to cover the range of interest of concentration values and to include wells in both the
upper and lower aquifer. The study focused on wells bearing lower concentrations because these
levels were presumed to be of greatest interest for regulatory monitoring, and thus most
appropriate to the study. The principal benchmarks of regulatory concern are action limits and
cleanup targets, both being defined by characteristically low concentrations. The goal was to
install paired wells at approximately 40 of the 64 candidate locations identified. As discussed in
the results section, a total of 43 functioning direct-pushed wells were successfully installed for
use in the study.
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D. DIRECT PUSH MONITORING WELLS

1. Location and Placement

In order to isolate the effects of the well installation technique as the only significant
comparative variable in the validation study, we sought to minimize all other potential influences
on the results obtained from the CPT-installed versus conventionally installed monitoring wells.
Perhaps the most obvious potential source of variability is the distribution of wells in relation to
the distribution of contaminants in the heterogeneous subsurface environment. To minimize
these spatial variances, the CPT-installed wells were located as closely as practical to the existing
auger-drilled wells. In addition, screened intervals were matched as closely as possible in the
vertical dimension so that sampling from consistent depths was maintained within well pairs.

2. Construction Details

The physical configuration of wells can also have a significant impact on sampling, and
the subsequent analytical results. For example, at a fixed flow rate, the time required to
effectively purge a 4-inch diameter well would be significantly longer than the time required to
purge a 2-inch diameter well in the same formation. Therefore, identical purge times or volumes
would likely result in non-identical samples.

Variability in the physical parameters of well construction (i.e., materials and dimensions)
between the two well populations was allowed only to the extent that it was necessary to permit
establishment of functional direct pushed monitoring points. Wells were constructed of 2-inch
diameter schedule 80 PVC with flush threaded joints. Although some of the conventional wells
were constructed of schedule 40 PVC, schedule 80 was used in the direct-pushed wells because
the heavier duty material is necessary to resist the additional stress that direct-pushed wells
receive upon installation. This difference results in a slight reduction of the inside diameter of
the well. Each riser section was one meter (3.28 feet) long with an outside diameter of 2.375
inches.

Another important construction parameter is the slot size, due to its effect on bulk
permeability of the screened well interval. Differences in permeability will result in different
time scales for reaching dynamic equilibrium, including both chemical (partitioning) and
physical (flow) equilibrium between the water outside the well, the water inside the well, and the
headspace above the well water. Also, because direct push installation displaces material into the
surrounding formation rather than removing it, and since conventional wells are surrounded by a
high permeability non-native sand pack, lower permeability may result around the direct push
wells. Although slot sizes were matched to the maximum extent practical, some variation was
allowed as discussed below.

While the existing conventional wells utilized both 0.010-inch and 0.020-inch screen slot
sizes, all direct push well screens were constructed of 0.020-inch slots. The larger slot size
enables more effective well development, and compensates for the potentially lower permeability
of the formation in contact with direct push wells, which can be due to differences in installation
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technique, including the exclusion of an annular sand pack. Since a CPT-installed well does not
have a non-native sand pack around it, aggressive well development is performed to remove the
fines from the immediate formation material, effectively creating a natural sand pack. We have
found that with the larger, 0.020-inch slot size we can more effectively mobilize and remove
these fines during well development. The screen sections were configured to match as closely as
possible the existing conventionally installed wells in terms of their top and bottom elevations.

In most cases, a silt trap was installed on the CPT-installed wells even when not present
on the conventionally installed well. Inclusion of a silt trap is common practice which helps
maintain the effective screen area on CPT-installed wells. On the conventionally installed wells,
a silt trap is usually not needed because the annular sand pack installed around drilled well
screens provides a place for mobile fines to settle before entering the well. CPT-installed wells
do not have a sand pack around the screen to reduce silt infiltration so even low silt content
material will produce silt infiltration. The inclusion of a silt trap allows the silt to collect below
the screen interval away from the sampling zone. In the present study, a circumstance in which a
silt trap would not have been included on the CPT-installed wells would be when the bottom of
the screen of the conventionally installed well extended to the top of the bedrock. In this
situation the bottom of the screen of the CPT-installed well would also be installed as close to the
bedrock as possible, leaving no room for inclusion of a silt trap.

3. Installation Procedure

New CPT-installed monitoring wells were installed according to standard installation
procedures developed by ARA. A schematic of this well installation procedure is presented in
Figure 4.

During Installation After Installation
L [ "

| 1.75" CPT Push Rod

| «——— 2"SCHB0 — [
PVC '

2" SCH 80
Slotted

328 PVC

(1m)

2.5" Steel Tip

Figure 4. Schematic of 2-inch diameter PVC well installation with Cone Penetration
Technique (CPT).
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Before each new well was installed, a 1.75-inch standard CPT cone was advanced to the
design well completion depth. This first penetration measured the geologic conditions at the well
location and provided a guide hole for the larger diameter well. During each pilot penetration,
CPT data were acquired and recorded, and used to generate a field plot upon completion of the
hole. CPT profiles are contained in Appendix B.

Most of the DPT-installed wells included a one-meter section of solid riser beneath the
screened interval to serve as a silt trap, or sump. Installation of each well began by threading a
sacrificial stainless steel or high-strength plastic tip, which acted as the drive point, into one end
of the bottom section of well casing, either solid (sump) or slotted (screen). The remainder of the
screen sections and solid riser were then threaded onto the other end as the drive point was
lowered to the ground. Once the sacrificial tip reached ground surface (beneath the truck), the
steel push rods, with a blunt tip attached, were lowered inside the well material until the blunt
end rested behind the sacrificial tip. Enough rods were added so that the end of the rods
extended beyond the top of the well material and the CPT head clamp on the CPT rig could
clamp the rods and not the well material. Installation began as the CPT rods, in compression,
drove the sacrificial tip into the ground, pulling the trailing well material in with it. Additional
screen and riser sections were added as necessary until the desired installation depth was
achieved.

Upon reaching the planned well completion depth, the CPT rods were removed from
within the well casing and a depth indicator was lowered down the well to verify the total depth
of the well. This information was recorded on the well installation reports. During removal, the
rods were decontaminated using the CPT rig’s steam cleaner. Water generated during the rod
decontamination process was containerized in a 55-gallon drum and delivered to the on-site
groundwater treatment facility for disposal.

A flush-mounted manhole cover was installed and set in an eighteen (18) inch square
concrete cap. The well riser was cut approximately 2 to 3 inches below the top of the cap before
the manhole cover and cap were installed. Due to the winter conditions the well locations were
marked with wood stakes which had been spray painted with fluorescent marking paint. The
man hole covers and concrete caps were installed in the spring.

4. Well Development

Development of CPT-installed monitoring wells was conducted with the Aardvark well
development system. This system is a combination of a mechanical surge block and a venturi
airlift silt and water pump. The Aardvark system was cleaned in a liquinox water bath before
each use to avoid cross-contamination. Development was achieved by raising and lowering the
Aardvark development head in the well repeatedly over a two-foot section of the well screen.
During this process field readings were taken of the purge water’s temperature, pH, and turbidity
at a rate of 1 reading per removed well volume. Field parameters were measured with a YSI
Model 6820 field water quality tester. Instrument specifications and calibration procedures are
included in Appendix D. The Aardvark process continued until these parameters stabilized (less
than 0.2 pH units or a 10 percent change for the other parameters among four consecutive
readings) and the water was clear and free of fines.
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The existing, conventionally-installed monitoring wells were not developed under this
study, since these wells were previously developed and are part of a separate, on-going water
quality study. Well development logs for the DPW are contained in Appendix D.

E. SAMPLING AND ANALYSIS

The objectives of this sampling program were to collect water samples from two-inch
diameter wells using a sampling method that is suitable for collection of water contaminated with
volatile organic compounds (VOCs) and is generally accepted by regulatory agencies such as the
EPA. Other requirements were that the groundwater table varies from 2 feet to 20 feet below the
ground surface. The primary concentration range is near the action MCL level.

A decision was required as to what sampling techniques and analytical methodology
should be used to compare the populations of monitoring results from the two well types. We
determined that this methodology should be chosen to maximize relevance to the intended
purpose of the study results (i.e. to promote regulatory acceptance). For this reason, only
sampling and analysis procedures considered standard within the framework of the long-term
monitoring requirements of major regulatory programs, such as the Comprehensive
Environmental Response, Compensation, and Liability Act (CERCLA) (also known as
Superfund), and the Resource Conservation and Recovery Act (RCRA) were considered for use.
Accordingly, we required the data quality of the study to meet or exceed the typical data quality
objectives of these programs. Thus, all samples were collected and analyzed according to typical
(RCRA and CERCLA) requirements and EPA technical guidance directives to ensure that the
results of the experiment are valid in the context of regulatory required long-term monitoring.

1. Groundwater Sampling

For this study, we selected a relatively new technique published by the EPA Region Iin
July, 1996. In this document, titled “Low Stress (low flow) Purging and Sampling Procedure for
the Collection of Groundwater Samples from Monitoring Wells,” the EPA “provides a general
framework for collecting groundwater samples that are indicative of mobile organic and
inorganic loads at ambient flow conditions.” This document is included in the Work Plan
(Appendix A) for reference.

The first round of sampling was conducted during April and May of 1997, and the second
round in September of 1998. However, re-sampling of the second round in March and April of
1999, was required due to uncorrectable errors in laboratory analyses.

a. Equipment

During the first round, samples were collected using a stainless steel Grundfos Redi-
flow " submersible pump which was shared among the wells. Since the pump and tubing were
shared, they were decontaminated before each sampling round and after each well was sampled
according to the procedures described below.
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During the second round, samples were collected using a stainless steel non-dedicated
submersible bladder pump with dedicated tubing. During this round, only the pump was
decontaminated before each sampling round and after each well was sampled. The tubing was
not decontaminated since each well had its own dedicated segment which was not re-used.

All sampling equipment was decontaminated before the beginning of each sampling
round and after each well was sampled. If dedicated tubing was not used, the outside of the
sampling tubing was decontaminated during retraction of the samplmg pump. After the pump
had been removed from the well it was placed in a water and Liquinox  bath. Three pump
volumes were pumped through the pump and sampling tubing (if non dedicated). This process
was repeated for two baths of tap water rinse and again in a bath of reagent free water.

b. Well Purging

Prior to collecting groundwater samples from each well, water was purged from the well
until the field measurements of turbidity, conductivity, temperature, dissolved oxygen, and pH
stabilized. Purged water was pumped through the flow through cell of a YSI Model 6820 sonde
to measure water quality parameters during purging. Field parameters were recorded at regular
intervals (at least once per well volume), typically of five to ten minutes. In slight deviation from
the sampling protocol, oxidation-reduction potential (ORP) was not monitored, as equipment for
measuring this parameter was not available.

Also, before and during purging, water levels were measured using a Solinst water level
meter calibrated to 0.01 feet. The probe portion of the water level meter was decontaminated
before each measurement by soaking with a L1qu1nox * solution and rinsing with tap water and
again with distilled water. Purge water generated during the groundwater sampling and
decontamination water was containerized in 55-gallon drums and delivered to the on-site
groundwater treatment facility for disposal. Purge procedures and stabilization guidelines are
covered in the Work Plan (Appendix A).

¢. Sample Collection

For each well the pump was positioned at the mid-point of the screened interval. If this
location is less than 2 ft above the bottom of the well, then the pump was positioned at 2 ft above
the bottom of the well. Each sample was collected in a 40-ml glass vial with a Teflon-backed
septum. Purchased sample vials were pre-cleaned and suitable for purgeable volatile organic
analysis (PVOA). The vials were preserved with hydrochloric acid (HCI). Groundwater from
the site was tested before hand to determine how many drops were required to increase the
acidity to a pH of 2.

Sample containers were filled such that no air was retained within the sample vial. The
absence of headspace was verified by turning the capped vial upside down and tapping the lid
while watching for bubbles. Sample labels with requisite identification data were affixed to each
vial. Vials were labeled with the date and time of collection, sampling personnel’s initials, well
ID and depth, and a unique sequence number. The same information was recorded in the field
sampling logbook.
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d. Sample Handling and Chain-of-Custody

Each sample set of more than one vial was placed in a single, sealed plastic bag. Filled
sample vials were stored at four degrees centigrade in a refrigerator or ice-containing insulated
cooler until delivery to the analytical laboratory.

Samples to be analyzed by the CLP laboratory were packed into a separate cooler at the
end of the sampling day. This cooler was packed with a bottom layer surrounding the sample
containers. A Chain-of-Custody Form was signed and placed in a resealable plastic bag within
the cooler and the cooler was sealed with tape and a Chain-of-Custody Seal, such that the seal
must be destroyed before accessing the cooler. The cooler was shipped to the laboratory by
overnight express (or equivalent) mail from the field.

Chain-of-Custody Forms accompanied all samples delivered to each laboratory. The
forms listed the number of vials of each size contained in each cooler. They were signed and
dated by field personnel at the time of packing for shipment from the field, and by laboratory
personnel at the time of receipt in the laboratory.

2. Analytical Chemistry
a. Analytes

The analytes of interest for the study, all volatile organic compounds (VOCs), were
chosen on the basis of two criteria:

e Significance to the Hanscom base Installation Restoration Program (IRP) in terms of
relevance to their regulatory obligations, and

e documentation of prior occurrence in the groundwater at the demonstration site.

While the second criterion is obvious, the first criterion was a function of the ultimate
objective of the study, which is to validate the use of direct push monitoring points versus the
baseline monitoring technology for use in regulatory monitoring programs. These criteria
resulted in the selection of the following nine VOC for inclusion in the study: benzene, toluene,
xylene, trichloroethene, cis-1,2-dichloroethene, trans-1,2-dichloroethene, vinyl chloride, 1,1-
dichloroethane, and 1,4-dichlorobenzene.

b. Methods

Chemical analyses of field samples were performed for selected compounds using EPA
SW-846 methods. The first round samples were analyzed by ARA’s New England Division
laboratory using EPA Method 5021 static head space sample concentration and modified EPA
method 8021 for the analysis of volatile organic compounds in water. Modifications to method
8021 included: the use of a capillary column in place of a packed column; the use of a flame
ionization detector (FID) in parallel with an electron capture detector (ECD) instead of a photo-
jonization detector (PID) and electrolytic conductivity detector (ELCD); and truncation of the
standard analyte list. The truncated target analyte list included only the purgeable halocarbons
and aromatics presented above. :

02/22/01 Page 16 Final Report




¢. Equipment

The instrument configuration at ARA’s laboratory consisted of Tekmar 7000 Static
Headspace sampler connected directly via a heated transfer line to the split/splitless capillary
injection port of a Hewlett-Packard 5890 series II gas chromatograph equipped with electronic
pressure control (EPC). The injection port was run in splitless mode to optimize the detection of
trace analytes.

Split samples for laboratory Quality Assurance/Quality Control (QA/QC) were sent to
Inchcape Testing Services (ITS) Environmental Laboratories (Colchester, VT). Analysis of splits
was performed using Gas Chromatography/Mass Spectrometry (GC/MS) following EPA Method
8260. All of the second round samples were sent to Severn-Trent Laboratories (formerly ITS)
where they were analyzed by Gas Chromatography/Mass Spectrometry (GC/MS) method 8260.

d. Laboratory Procedures

The Gas Chromatography (GC) equipment used by ARA was calibrated according to the
procedures specified in EPA method 8021. For each analyte of interest, a five-point calibration
was developed including one at a concentration near, but above the method detection limit. The -
other concentrations correspond to the expected range of concentrations found in the actual
samples or defined the working range of the detector. A linear calibration curve was derived for
each analyte by a least squares best fit through the five calibration points plus the origin. The
calibration curve was considered acceptable if the correlation coefficient is greater than or equal
to 0.995. Retention time windows included plus or minus three standard deviations of the mean
retention times for each analyte measured over a 72-hour period. The instrument was re-
calibrated under two conditions: before analyzing the samples from each sampling round, and
upon failure of a quality control check as discussed in the Quality Assurance Project Plan
(QAPP).

Calibration standards used by ARA’s Laboratory were prepared according to the
procedures specified by EPA method 8021B. Stock standards were prepared from pure (neat)
standards, prepared as specified in the method, or purchased as certified solutions. Any required
dilution of the purchased standards was performed using Level A precision glassware and
reagent-free water that had been analytically demonstrated to be free of target analytes, at least
down to the analytical method detection limits. Retention time windows for all of the individual
peaks were identified by analyzing a 10-ppm dilute standard of each of the individual target
analytes in accordance with the procedures outlined in SW-846 method 8000. Calibration check
standards were run at a rate of one every ten samples and included each of the target analytes at a
concentration of 20 ppb. These standards were made up independently from the dilutions used to
make the calibration standards. All calibration standards were purchased from Supelco, Inc.
(Bellefont, PA). The normal level of certification that accompanies all Supelco standards was
considered acceptable for the purpose of the project.

Method 8021 specifies method performance criteria which assume a photo-ionization
detector (PID) and a Hall electrolytic conductivity detector (HECD) are used in series. Since we
used different detectors as a modification of Method 8021 it was necessary to conduct an
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instrument-specific method detection limit (MDL) study for the analysis of samples from the first
round.

e. Quality Assurance/Quality Control

A comprehensive Quality Assurance Project Plan (QAPP) to assure quality in both
sampling and analysis was developed for this project. The QAPP addresses quality assurance
associated with all aspects of sampling and analysis of samples. All laboratory work associated
with this project adhered to the QA/QC procedures contained in the QAPP. A copy of the
QAPP is included in the Work Plan contained in Appendix A.
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SECTION IV

TEST RESULTS

A. WELL INSTALLATION AND DEVELOPMENT

One of the goals of this study was to install approximately 40 wells with direct push
technology, adjacent to conventionally installed auger drilled wells, forming well pairs from
which to obtain samples for comparison. We completed the well installation and development
tasks during February and March of 1997. Of the 64 candidate locations identified, we
succeeded at installing functioning wells at 43. Forty-one of these were installed to depths
ranging from 17 to 35 feet, and two wells were installed to an approximate depth of 65 feet.
Twenty-five of the wells installed were at sites 1 & 2 and 18 were at site 21. At the other 21
candidate locations, wells were either not installed or not used due to the following reasons:

e At 9 locations, refusal was encountered, where we were unable to obtain the desired
depth of penetration.

¢ Nine wells were skipped because either (a) confidence was low, based on boring logs
and previous attempts, that the desired depth would be achievable, or (b) we had
already succeeded in installing enough wells for the study.

e At one well, casing damage was discovered following installation.

e At the final two wells, both wells in the pair were pumped dry due to nearby Pump
and Treat remediation operations.

An installation summary of the wells used in this study is presented in the following
tables. Complete field records of the installation and development activities, including CPT
sounding profiles, well construction logs, and well development logs appear in Appendices B, C,
and D, respectively.
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Table 1 Well installation summary showing all candidate locations and which
locations were selected for well installation.

Monitoring Wells Well and Screen Construction Monitoring Wells Well and Screen Construction
Well Direct Push Total Top Bottom Well Direct Push Total Top Bottom
No. Installation] Depth Depth Depth No. Installation| Depth Depth Depth
Status  J(feet B.G.S.)|(feet B.G.S )] (feet B.G.S.) Status | (feet B.G.S.)j(feet B.G.S.)| (feet B.GS.)
|Site No. 1 Site No. 21
B102-MW v 14.0 3.0 14.0 MWZ-3 v 20.0 10.0 20.0
B103-MW v 15.0 5.0 15.0 MWZ-4 + 200 10.0 20.0
B104-MW v 13.0 3.0 13.0 MWZ-5 v 200 10.0 20.0
18238(S) v 12.0 5.0 10.0 MWZ-6 v 18.5 8.5 18.5
B239(T) X 30.0 23.0 28.0 MWZ-7 v 19.0 9.0 19.0
CwW-4 X 25.0 15.0 25.0 MWZ-8 v 200 10.0 20.0
P0O1-4SA - 131 3.0 13.1 MWZ-11 v 220 12.0 220
RAP1-1T - 23.8 18.7 23.8 MWZ-12 v 200 10.0 20.0
RAP1-3S - 17.5 0.0 17.5 MWZ-16 X 200 10.0 20.0
RAP1-48 v 147 0.0 14.7 MWZ-17 v 200 10.0 20.0
RAP1-58 v 13.5 0.0 13.5 MWZ-19 + 20.0 10.0 20.0
RAP1-6S 4 145 0.0 14.5 MWZz-22 v 19.5 9.5 19.5
RAP1-6T - 447 29.6 447 MWZ-23 v 19.0 9.0 19.0
RFW-15 - 15.6 5.8 15.6 MWZ-24 X 18.0 8.0 18.0
Site No. 2 MWZ-25 + 19.5 9.5 19.5
B101-MW v 18.5 3.5 18.5 Oow-2 v 200 7.0 20.0
B105-MW 4 15.0 5.0 15.0 B20 v 17.0 7.0 17.0
B106-MW v 14.0 4.0 14.0 B37 v 17.0 7.0 17.0
}B107-MW v 14.0 4.0 14.0 B38 v 20.0 10.0 20.0
B108-MW X 78.0 68.0 78.0 B39 v 200 10.0 20.0
B109-MW v 69.0 59.0 69.0 B40 v 17.0 7.0 17.0
B115-MW X 59.0 52.0 59.0 B41 v 15.0 5.0 15.0
B126-MW X 61.7 517 61.7 B42 v 15.0 5.0 15.0
B130-MW v 14.0 4.0 140 §
B241(S) v 17.0 3.0 16.0
B242(T) X 49.0 43.0 48.0
ow2-1 4 15.0 10.0 15.0
owa-2 v 20.0 15.0 20.0
ow2-3 - 25.0 20 25
ow2-4 v 30.0 25.0 30.0
Oow2-5 - 25.0 20 25
ow2-6 v 20.0 15.0 20.0
owa-7 v 20.0 15.0 20.0
P02-1S - 18.0 5.5 18.0
RAP2-2S v 19.9 0.0 19.9
RAP2-2T v 75.3 60.1 75.3
RAP2-3S v 23.6 0.0 236
RAP2-4S v 25.0 0.0 25.0 Site Success Refusal | Skipped | Problem
RAP2-4T X 41.4 314 414 v X - +
RAP2-58 v 14.6 0.0 146 Sites 1&2 25 7 9 0
RAP2-5T - 32.9 17.7 329 Site 21 18 2 0 3
RFW-11 v 17.2 7.2 17.2 Total 43 9 9 3
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Table 2 Well Construction Details

Direct Push Wells

Conventional Wells

S

Screen Screen
Well Site | Sampled | Total Top Bottom | Sit | Total | Top | Bottom | Siot
No. Round Depth Depth Depth Trap | Depth Depth Depth Size
1 2 |(feetB.G.S)|(feet B.G.S)| (feet B.G.S)| (feet) {(feet B.G.S.)(feet B.G.S.)(feet B.G.S.)} (inches)
ite No. 1 & 2

02/22/01

v Checked wells were sampled during indicated round.
Slot Size: Ali direct push wells have a slot size of 0.020 inches.
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B. SAMPLING AND ANALYSIS

Two separate sampling tasks were completed during April-May of 1997 and in March-
April of 1999. From the first round of sampling, thirty-one (31) samples were collected and
analyzed from each well pair resulting in a total of 62 samples. Fourteen quality control replicate
samples were sent to a contract laboratory for verification. During the second round of sampling,
20 samples (2 from each of 10 pairs) were collected and sent to Severn-Trent Laboratory
(Colchester, VT) for analysis. The analytical results form part of the basis for the statistical
comparisons presented in section C below. The results from monitoring water quality parameters
during well purging for two sample collection rounds (one for which the VOC analyses were
conducted incorrectly, and a re-sampling of that round) formed the rest of the data set used in the
statistical comparisons.

During each event, all sampling adhered to the low-flow sampling procedure detailed in
the attached Work Plan. This procedure requires the monitoring of several water quality
parameters used to indicate when purging has resulted in dynamic steady-state conditions within
the well and surrounding formation. These parameters included: temperature, specific
conductivity, dissolved oxygen, pH, and turbidity. The monitoring of oxidation-reduction
potential (ORP) is also recommended in the protocol, but was not performed due to
unavailability of appropriate equipment. This monitoring, performed using a handheld analyzer,
resulted in field sampling logs which contained records of observations of all the monitored
parameters. With the exception of Round 1 water quality monitoring data, these parameters were
also subjected in the statistical analyses presented below. The Round 1 data were omitted
because the sampling apparatus used in Round 1 included a relatively long hose with a
correspondingly high residence time. This configuration may have resulted in values that, while
sufficiently indicative of the attainment of steady state conditions for sampling, may not have
been representative of actual conditions within the well, due to atmospheric influence on the
hose. The field sampling logs are presented in Appendix E.

Results of analyses for volatile organic compounds (VOCs) from samples collected
during the study are summarized in the tables below. Well sampling logs appear in Appendix E,
and complete analytical results are presented in Appendix F.
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Table 3.

Summary of results of VOC analyses from the first sampling round.

Direct Push Wells Resuits

Conventional Wells Results

|Analyte n_| Mean Min Max __ Std. Dev. Mean Min Max___Std. Dev.
Vinyl chloride 31 6.9 05 101.7 23.4 5.9 05 89.8 17.4
1,1-Dichloroethane 31 4.9 0.5 98.4 18.7 5.8 0.5 121.6 226
Benzene 31 41.4 0.3 786.4 145.6 14.2 0.5 194.2 39.1
Toluene 31 5.2 0.5 49.4 11.0 22 0.5 40.4 7.1
o-Xylene 31 1.1 05 6.8 1.5 1.5 0.5 15.3 3.0
trans-1,2-Dichloroethene | 31 26.5 0.1 768.4 137.7 1.4 0.3 125 23
cis-1,2-Dichloroethene 31 1147 05 2488.1 4571 89.5 0.5 2009.6 3733
Trichloroethene 31 774 05 14771 268.3 80.6 05 19442 349.3
1,4-Dichlorobenzene 31 104.7 05 26282 469.6 25.7 0.5 104.8 37.7
Log(Direct Push Wells Results) | Log(Conventional Wells Results)
|Analyte n_] Mean Min Max___Std. Dev. Mean Min Max __ Std. Dev.
Vinyl chioride 31 ] -0.083 -0.301 2.007 0.614 0.017  -0.301 1.853 0.643
1,1-Dichloroethane 31 ] -0.166  -0.301 1.993 0.526 -0.135  -0.301 2.085 0.553
Benzene 31 0.205  -0.600 2.896 0.948 0.163  -0.301 2,288 0.814
Toluene 31 0.200  -0.301 1.694 0.599 -0.086  -0.301 1.606 0.409
o-Xylene 31] -0126  -0.301 0.832 0.345 -0.112  -0.301 1.184 0.400
trans-1,2-Dichloroethene | 31 0.007 -1.235 2.886 0.715 -0.094  -0.570 1.097 0.380
cis-1,2-Dichloroethene 31 0.358  -0.301 3.396 1.030 0.359  -0.301 3.303 0.958
Trichloroethene 31 0.713  -0.301 3.169 0.913 0.624  -0.301 3.289 0.857
1,4-Dichlorobenzene 31 0.597 __ -0.301 3.420 0.997 0.615 _ -0.301 2.020 0.931

Table 4. Summary of results of VOC analyses from the second sampling round.

Direct Push Wells Results

Conventional Wells Results

|Analyte n Mean Min Max___ Std. Dev. Mean Min Max __Std. Dev.
Viny! chloride 10 315 0.5 290.0 91.0 41.5 0.5 310.0 99.4
1,1-Dichloroethane 10 174 0.5 120.0 39.0 26.4 0.5 140.0 54.8
Benzene 8 0.8 0.5 1.8 0.5 0.5 0.2 141 0.2
Toluene 8 1.0 0.3 42 1.3 0.5 0.3 0.5 0.1
o-Xylene 8 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0
trans-1,2-Dichloroethene | 8 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0
cis-1,2-Dichloroethene 10 392.8 0.4 2600.0 861.0 682.0 0.5 4100.0 1470.0
Trichloroethene 10 120.1 0.5 750.0 258.9 91.9 0.5 800.0 250.7
1,4-Dichlorobenzene 8 0.5 0.5 0.5 0.0 0.5 0.5 0.5 0.0
Loa(Direct Push Wells Results) Log(Conventional Wells Results)
|Analyte n_]| Mean Min Max__ Std.Dev.] _ Mean Min Max___Std. Dev.
Vinyl chloride 10 0.154 -0.301 2.462 0.956 0.264 -0.301 2.491 1.065
1,1-dichloroethane 10 0.134 -0.301 2.079 0.923 0.182 -0.301 2.146 1.018
Benzene 8 -0.168 -0.301 0.255 0.238 -0.303 -0.658 0.041 0.187
Toluene 8 -0.159 -0.538 0.623 0.368 -0.329 -0.523 -0.301 0.078
o-Xylene 8 -0.301 -0.301 -0.301 0.000 -0.301 -0.301 -0.301 0.000
trans-1,2-Dichloroethene | 8 -0.301 -0.301 -0.301 0.000 -0.301 -0.301 -0.301 0.000
cis-1,2-Dichloroethene 10 0.772 -0.420 3.415 1.509 0.813 -0.301 3.613 1.497
Trichloroethene 10 0.571 -0.301 2.875 1.259 0.578 -0.301 2.903 1.099
1,4-Dichlorobenzene 8 -0.301 -0.301 -0.301 0.000 -0.301 -0.301 -0.301 0.000
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C. STATISTICAL ANALYSIS

A statistical analysis of the analytical and purge monitoring results was conducted to
compare the wells installed with direct push technology to the conventional well installation
method. The statistical analysis compared the VOC analytical results of groundwater samples
collected from the direct push installed wells (DPWs) to the results of samples collected from the
conventionally installed wells (CMWs). Water quality parameters, measured and recorded while
purging the wells for sampling, were also compared. In accordance with the sampling protocol,
these parameters were measured regularly (every five to ten minutes) during purging and
recorded on the groundwater sampling logs. For the statistical analysis, the last measurement of
each parameter recorded in each log prior to sample collection was used. Only data from the
second round of sampling were compared in this fashion due to influences discussed in section B
above. Parametric and non-parametric statistical tests were applied, depending of the distribution
of the underlying data. :

Paired data tests are preferred for comparing the influence of a single factor (well
installation method) on two populations of samples that are also subject to the influence of
extraneous factors (e.g., the location of the wells within the contaminant plume and with regard
to variation in the local hydrogeology, the length and depth of the screened interval, etc.). Taking
the observations in pairs, where the external influence may vary from pair to pair but is assumed
to be the same within each pair neutralizes the influence of these factors.

The work plan called for application of the Student’s t test on paired data to evaluate the
null hypothesis that the mean of differences between measurements from two adjacent wells of
different types was equal to zero (e.g., that both types of wells produced the same results). The
paired Student’s t test is used to determine if two sample populations are statistically different.
That is, it tests whether the population of differences of paired measurements from the two types
of wells has a mean of some value, in this case zero. In our case, one population is the analytical
results and water quality measurements from the DPWs and the other is the results from the
CMWs. The Student t test is only applicable to a population of means that is normally
distributed, or can be transformed to a normal distribution. The assumption of normality (and of
log-normality) of the paired differences was tested by application of the Shapiro-Wilk W test.

In cases where the population of differences between paired well measurements was
found to violate the assumption of normality, and the data could not be log-transformed to a
normal distribution of differences, the Sign Test and Wilcoxen Signed Rank Test were applied.
These parametric tests were also used where the number of non-detect analytical results
precluded the test for normality.

1. Parametric Tests

The Student’s paired t test called for in the work plan is only applicable to normally
distributed differences of observations. The assumption of normality was checked by applying
the Shapiro-Wilk W test (Shapiro & Wilk, pp.591-611) to both the differences of paired well
observations and to the differences of log-transformed observations from each sampling round.
None of the sets of differences on un-transformed data were found to be normally distributed for
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either round of sampling. Only the differences of the log-transformed analytical results for
toluene and TCE were found to be normally distributed, and only from the second round of
sampling. The Student t test was performed on these results. All other sets of differences were
subjected to the non-parametric Sign Test and Wilcoxen Signed Rank Test. Details are discussed
below.

a. Shapiro-Wilk W test for normality

The differences of paired observations from the two well types, as well as the differences
of log-transformed observations, were subjected to the Shapiro-Wilk W test for normality. Ata
90% confidence the two-tailed Shapiro-Wilk test will reject the null hypothesis that the data are
normally distributed when the p-value associated with the W is less than 0.05. That is, the
probability (for each tail) is less than 5 in 100 that the observed deviation from normal is due
solely to a chance occurrence in sampling a normal population.

As the results shown in Table 5 below indicate, for the first round of sampling, neither the
paired differences of the analytical data nor the paired differences of the log-transformed
analytical data were normally distributed. For the second round of sampling, only the paired
differences of the logs of TCE and toluene were normally distributed. Thus only these data were
compared by the paired Student t test.

Table 5. Results of Shapiro-Wilk W test of normality applied to differences of
paired observations of VOC results from the two well types.

Round 1 Round 2

Differenc Difference of Logs | Differenc Difference of Loas

{Analyte w p-value w p-value w p-value w p-value
Vinyl chioride 0.308 0.000 0.465 0.000 0.482 0.000 0.557 0.000
1,1-Dichloroethane 0.215 0.000 0.206 0.000 0.366 0.000 0.366 0.000
Benzene 0.290 0.000 0.764 0.000 0.395 0.000 0.734 0.002
Toluene 0.505 0.000 0.905 0.009 0.415 0.000 0.849 0.056
o-Xylene 0.443 0.000 0.678 0.000 0.381 0.000 0.386 0.000
trans-1,2-Dichloroethene 0.183 0.000 0.724 0.000 0.381 0.000 0.386 0.000
cis-1,2-Dichloroethene 0.365 0.000 0.813 0.000 0.411 0.000 0.736 0.002
Trichloroethene 0.560 0.000 0.852 0.001 0.371 0.000 0.900 0.217
1,4-Dichlorobenzene 0.196 0.000 0.764 0.000 0.381 0.000 0.386 0.000

n=31 n=10

The Shapiro-Wilk test was also applied to the water quality monitoring data obtained
during purging of the wells. As the results summarized in Table 6 below indicate, the hypothesis
of normality was rejected (p-value<0.05) for all of these parameters.
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Table 6. Results of Shapiro-Wilk W test of normality applied to differences of
paired observations of water quality parameters from the two well types

Difference of Values | Difference of Loas

Parameter w p-value w p-value

Tempercture 0.871 0.003 0.908 0.021

S pecific Conductivity 0.611 0.000 0.674 0.000

Dissolved Oxygen 0.787 0.000 0.908 0.021

pH 0.884 0.006 0.871 0.003
n=10

b. Student’s paired t test

The Student t test was conducted on the paired data that were found to pass the
assumption of normality. The ¢ test determines the probability with which a normally distributed
underlying population of some sampled data set has a mean equal to some value, in this case
zero. Although the number of non-detects and ties in the results of VOC analyses performed
made statistical comparison of the results difficult, the results of toluene and trichloroethene from
Round 2 were amenable to using the Student’s paired t test.

The paired t test is well suited to situations where there are external influences on the
measurement, but where variation due to external factors can be controlled by taking the data in
pairs. The experiment is designed such that external influences (e.g. contaminant concentration,
geochemistry, hydrologic regime, screened interval, well construction details, etc.) may vary
from pair to pair but are presumed to be the same within each pair. A complete discussion of the
statistical methodology is presented in the work plan, however, the basic application is to test the
null hypothesis that the mean of differences between paired measurements from two samples is
equal to some value, in this case zero.

The null hypothesis is expressed as:
H,:pp =06,

The value of the test statistic is:

d-é,
t= 2
Y
Jn
where d is the mean of differences between pairs of measurements, d, in this case is zero,

s, is the standard deviation, and n is the degrees of freedom in the data set. The null hypothesis
is that the mean of the differences is zero. We reject the null hypothesis Hp when:

< >
t< t%n_l or when ¢ 2 tl_%m_l
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Table 7 presents the t statistic and it’s corresponding p-value for the analytes Toluene and
TCE.

Table 7. Results of Student’s t test on paired differences of analytical results for
toluene and trichloroethene from Round 2.

Analyte 9 t p-value
Toluene -0.386 | 0.275 -0.380 0.713 |Acoept
Trichloroethene -0.294 0.674 0.890 0.397 Accept

At 95% confidence we cannot reject the null hypothesis that the mean difference between
measurements of toluene and trichloroethene produced by the two well types in Round 2 is zero.
In fact, we can not reject this hypothesis with any confidence above approximately 71% for
toluene, and 40% for TCE. In other words, any differences that were observed between paired
measurements from the two well types are too insignificant to suggest that they were not due to
chance alone.

2. Non-Parametric Statistics

Since most of the analytical data were neither normally distributed, nor could be log-
transformed to a normal distribution, and multiple non-detects were present, a non-parametric
test was needed to compare the monitoring results. Two such tests which are appropriate to the
study are the Sign Test and the Wilcoxen Signed Rank Test. They are the non-parametric
equivalents to the Student’s t procedure for paired data.

a. Sign Test

The Sign Test is performed on paired data, does not require the underlying distribution to
be normal or symmetric, and allows ties and non-detects. The Sign Test tests the null hypothesis
that the median of the population of all possible differences is zero. That is, that one population
is as likely to be larger than the other, as the other is likely to be larger than the first. The inputs
to the sign test are the number of pairs, the signs of the differences between the paired data, and
the number of ties. The difference of a detected concentration minus a non-detect is considered
positive, assuming the same detection limits. The degrees of freedom » are reduced by the
number of ties; and the test statistic B which is the sum of positive differences, is compared to
lower and upper limits, [ and u, for the chosen confidence interval.

The test was applied to the results for each analyte from Rounds 1 and 2 and to each
water quality parameter from Round 2. The outcome of the testing is summarized in the tables
below. As shown, in all cases except the toluene results from the first sampling round, the p-
value associated with the Sign Test is greater than 0.05, signifying (for the two-tailed test) that
the null hypothesis cannot be rejected at or above the 90% confidence interval. In other words,
with the one exception noted, the Sign Test shows no statistically significant difference between
the VOC analytical results produced by the direct push well and those produced by the
conventional wells.
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Table 8. Results of Sign Test performed on VOC analyses from first round of

sampling.

Analyte n Below Equal Above | p-value | Median
Vinyl Chloride 31 6 24 1 0.125 0.000
1,1-Dichloroethane 31 3 28 0 0.250 0.000
Benzene 31 5 18 8 0.581 0.000
Toluene 31 5 10 16 0.027 0.175
Xylene (0) 31 6 22 3 0.508 0.000
trans-1,2-Dichloroethene 31 9 8 14 0.405 0.000
ds-1,2-Dichloroethene 31 8 14 9 1.000 0.000
Trichloroethene 31 13 4 14 1.000 0.000
1.4-Dichlorobenzene 31 14 Vi 10 0.541 0.000

Table 9. Results of Sign Test performed on VOC analyses from second round of

sampling.

Analyte n Below | Equal Above | p-value ! Median
Vinyl Chloride 10 3 7 0 0.250 0.000
1.1-Dichloroethane 10 1 9 0 1.000 0.000
Benzene 10 2 5 3 1.000 0.000
Toluene 10 3 5 2 1.000 0.000
Xylene (0) 10 2 8 0 0.500 0.000
frans-1,2-Dichloroethene 10 2 8 0 0.500 0.000
ds-1,2-Dichloroethene 10 6 3 1 0.125 -0.610
Trichloroethene 10 6 1 3 0.508 -1.450
1.4-Dichlorobenzene 10 2 8 0 0.500 0.000

Table 10. Results of Sign Test performed on water quality parameters from second
round(s) of sampling.

02/22/01

[Parameter n Below | Equal | Above | p-value | Median
Temperature 27 13 0 14 1.000 0.590
S pecific Conductivity 27 11 6 10 1.000 0.000
Disolved Oxygen 27 16 0 11 0.442 -0.130
pH 27 14 0 13 1.000 | -0.010
Turididity 22 10 ] 11 1.000 0.800
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b. Wilcoxen Signed Rank Test

The Wilcoxen Rank Sum Test is used also to test for a shift a central tendency (mean)
between two paired populations. Like the Sign Test, the Wilcoxen Rank Sum Test does not
require the underlying distribution to be normal or symmetric, and allows ties and non-detects.
However, the Wilcoxen test is more powerful than the Sign Test because it also considers the
magnitude of the paired differences, whereas the Sign Test does not. To apply the signed rank
test for each analyte, the differences between paired results from the two well types are ranked by
the magnitude of the differences without regard to their sign. The ranks, however, are assigned
the sign of the differences, and the test statistic T is calculated as the sum of the positive ranks.
Absolute ties, such as a pair of analytical non-detects, are dropped from the set, reducing the
degrees of freedom n by one for each tie discarded. The results of the test on differences of VOC
analytical results from each round of sampling are summarized in the tables below.

In all cases except the toluene results from the first sampling round, the p-value
associated with the test statistic T is greater than 0.05, signifying (for the two-tailed test) that the
null hypothesis cannot be rejected at or above the 90% confidence interval. In other words, with
the one exception noted, there is no statistically significant difference between the VOC
analytical results produced by the two types of wells. These results of the Wilcoxen Signed Rank
Test agree with those of the Sign Test discussed above.

Table 11. Results of Wilcoxen Signed Rank Test performed on results of VOC
analyses from first round of sampling.

n for Estimated

Analyte n Test T p-value | Median

Vinyl Chloride 31 7 7 0.272 0.000
1, 1-Dichloroethane 31 3 0 0.181 0.000
Benzene 31 13 62 0.263 0.000
Toluene 31 - 21 184 0.018 0.562
Xylene (0) 31 Q 18 0.636 0.000
trans-1,2-Dichloroethene 31 23 186 0.149 0.117
ds-1,2-Dichloroethene 31 17 79 0.925 0.000
Trichloroethene 31 27 180 0.838 -0.015
1.4-Dichlorobenzene 31 24 124 0.466 -0.188
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Table 12. Results of Wilcoxen Signed Rank Test performed on results of VOC
analyses from second round of sampling.

n for Estimated

|Analyte n Test T p-value | Median

Vinyl Chloride 10 3 0 0.181 0.000
1. 1-Dichloroethane 10 1 0 1.000 0.000
Benzene 10 5 6 0.787 0.000
T oluene 10 5 6 0.787 0.000
Xylene (0) 10 2 0 0.371 0.000
trans-1,2-Dichioroethene 10 2 0 0.371 0.000
ds-1,2-Dichloroethene 10 7 6 0.205 -1.100
Trichloroethene 10 9 10 0.155 -1.450
1.4-Dichlorobenzene 10 2 0 0.371 0.000

The toluene results from round 1 indicate a p-value of 0.018, or that the null hypothesis
can be rejected at the 96% confidence interval. The Sign Test yielded a similar result. Possible
reasons for this finding, not reproduced in the second round, are discussed in the conclusions
section.

Table 13. Results of Wilcoxen Signed Rank Test performed on water quality
parameters from second round(s) of sampling.

n for Estimated
Parameter n Test T p-value | Median
T emperature 27 27 208 0.665 0.075
S pecific Conductivity 27 21 122 0.848 0.000
Disolved Oxygen 27 27 171 0.665 -0.088
pH 27 27 167 0.605 -0.035
Turbidty 22 21 103 0.664 -0.870
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SECTION V

CONCLUSIONS & RECOMENDATIONS

A. WELL COMPARISON

The direct push wells (DPWs) were found to produce the same results as the
conventionally installed wells (CMWs), in terms of both VOC analytical samples and water
quality monitoring during well purging. With one non-reproducible exception as noted, no
statistically significant difference was found in the performance of DPWs as compared to CMWs
for the two monitoring rounds conducted. This conclusion is demonstrated in the p-value of the
statistical results presented in the previous section. The p-value of a test statistic indicates how
often by chance alone we would expect to produce the observations that we did if the null
hypothesis about the underlying distribution from which we sampled is true. In this study, for
instance, a p-value of 0.007 would mean that if the choice of well type truly does not produce a
difference in analytical results, then by chance alone we would observe the differences that we
did see 7 out of 1000 times that we sampled. The actual finding was that, except in one instance,
the p-value for each of the tests comparing the DPW monitoring results to those of CMWs never
fell below 0.05. This indicates that at the 90% confidence level, we can not reject the null
hypothesis that the two well types perform equally.

The exception noted was for the analytical results of toluene observed in the first round of
sampling, and was not re-produced in the second round. Therefore, we can not conclude that the
results are consistently different for toluene.

The results from this phase of the study provide significant evidence that performance of
direct push monitoring wells is at least as good as conventionally auger-drilled wells. However
this study was limited in the extent of geologic conditions, duration (number of sampling
rounds), well materials, well configuration, and chemical constituents. To provide the necessary
supporting data to continue the validation of direct push wells, future studies should be
conducted to account for these limiting factors.

Additionally, due to cost constraints, the low number of degrees of freedom provided by
the sample sets limited the power of the statistical tests applied, especially where non-detects
were prevalent in the analytical data. With fewer degrees of freedom, the variability in the sample
sets diminishes the ability to discern statistically significant differences. For instance, the second
round of sampling provided only ten degrees of freedom, which is the minimum recommended
for use of either the Student’s t test or the Wilcoxen Signed Rank Test. Any future study or
continuation of this study should be designed to provide more independent samples of paired
data with fewer analytical non-detects.

For analytes present at close to or below detection limits, the correlation between well
types tended to be less than for analytes present at higher concentrations. This is likely due to the

02/22/01 Page 31 Final Report




influence of extraneous or uncontrolled factors on the data, (such as analytical precision,
geologic variation, and unintended minor discrepancies in screening intervals), being more
dominant at lower concentrations than at higher concentrations.

Natural variability in contaminant concentrations observed at any given well is also an
influence on the correlation between wells in a pair. For instance, the Hanscom AFB
Environmental Engineer noted that at well OW2-6, significant variation has been observed in the
same well over time. Considerable differences were observed in the analytical results of samples
collected from this well pair during the second sampling event where as little discernable
difference was observed from the first sampling event. For this reason, it would be advantageous
to obtain samples from each well in a pair over a large number of sampling events, and compare
the distribution of analytical results over time from one well to that of the other. In this way, the
variability (or consistency) of results from the two well types can be compared, as well as their
central tendency.

A wider range of geologic conditions and chemical constituents can be incorporated into
future studies by expanding the initiated program to include multiple sites with differing geology
and chemical constituent conditions. Other DOD/DOE/EPA contamination concerns include
metals, special fuels and additives (MTBE), nitroaromatics, and explosives. Additionally, future
studies should be conducted that include more sampling rounds over a longer period of time.
This will allow the comparability of well types to be evaluated in the context of long-term
performance to potentially provide additional support for the use of direct-push wells in long-
term monitoring.

Future studies should consider additional direct push well configurations, such as micro
wells. Micro-wells better exploit the advantages of direct push methods because they can be
installed to greater depths and can provide assessment of groundwater conditions with higher
spatial precision than can large diameter conventional wells with long screen intervals.
Additionally, micro-wells can include a sand pack around the wells and mud block above the
screened interval to address potential end-user concern for inclusion of this feature.

The work conducted on this study provides valuable experience for installing wells for
the purpose of long term monitoring. This report and the attached Work Plan (Appendix A) are
suitable for use in developing an ASTM standard for direct push technology well installation.

B. WELL COST

In general direct push technology has been shown to reduce site characterization costs
including costs associated with monitoring well and monitoring point installation. However, a
detailed cost comparison is often difficult to accomplish due to the differences in data products
produced during well installation, (CPT profiles vs. blow counts and/or geologist boring logs),
and the scarcity of precise cost information for existing conventionally installed wells. Although
a cost analysis was not a component of this study, future studies should include a planned cost
comparison component. If conducted where detailed cost information is available for existing
conventionally installed wells, it should provide the data necessary to conduct a cost comparison.
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MONITORING POINT ASSESSMENT WORK PLAN

INTRODUCTION
BACKGROUND

This Work Plan is presented in response to Contract Number F08037-98-C6002 SSG
Sub-task 32.03S issued to Applied Research Associates, Inc., by the United States Air Force
Armstrong Laboratory (AL/EQA). Presented in this Work Plan are the procedures and
information required for groundwater sampling and analysis in support of the assessment of
CPT-installed monitoring wells, and statistical methods to compare water samples obtained from
conventional monitoring wells and direct push wells. Also included in this work pla;n are the
procedures for monitoring well installation using Cone Penetration Technology (CPT). Although
this phase of work was completed during the initial project it is included for reference on how the
wells were installed. The Work Plan is designed to generate field and analytical results that are
reliable and achieve the quality control requirements. The Work Plan is composed of an
experimental design, a field program and an analytical program. Quality Assurance/Quality
Control (QA/QC) is addressed in the Quality Assurance Project Plan (QAPP) presented in
Appendix E. The field program defines the methods necessary for installation of monitoring
wells and proper collection of groundwater samples and associated field data. The analytical
program designates the chemical analytical laboratory to perform the analyses and identifies the
samples to be collected and the type of chemical analyses to be performed. The QA/QC program
defines measures for maintaining criteria of data quality. The Work Plan also provides a required

list of submittals and a schedule to complete the work.

PROJECT OBJECTIVES AND PURPOSE

There are almost 4,300 Air Force hazardous waste sites with anticipated cleanup and
monitoring costing billions of dollars. In hazardous waste site assessments it is necessary to
detect, delineate, and identify contaminants and to further characterize subsurface conditions.
Current practice often requires multiphase efforts with many visits, using geophysical methods as

well as soil borings and monitoring well installations. Site characterization and monitoring




contributes to one-third or more of the total remediation costs. The objective of this effort is to

validate the use of CPT-installed monitoring wells for monitoring groundwater quality.

CPT-installed monitoring point assessment will involve a rigorous sampling effort to
establish a database of water quality chemical analytical results comparing samples from
conventionally installed monitoring wells with CPT-installed monitoring points. There has been
one sampling round conducted during May and June of 1997. The goal is to obtain funding each
year to continue sample for seven sampling rounds. A statistical model has be developed to
determine if enough wells have been used in the study, if enough samples have been collected,
and to determine with statistical confidence if groundwater samples from CPT-installed
monitoring points yield analytical results comparable to those obtained from conventional
monitoring wells. All samples will be collected and analyzed according to regulatory
requirements to ensure the results of the experiment are valid. A major goal of this effort is to
validate the use of CPT-installed monitoring points for regulatory monitoring. Although CPT-
installed monitoring points have been accepted by the EPA for characterization of a groundwater
contamination plume, there is little data on the long term performance of these wells (EPA
1996). Additionally, there is little data to support the use of CPT-installed monitoring points for
characterization or long term monitoring. The results of this study will provide this needed
information, ultimately leading to widespread acceptance of the use of CPT-installed monitoring

points by groundwater professionals.

SITE DESCRIPTION

The Direct Push Monitoring Point Assessment Program is to take place at two operable
units (OU), OU-1 and OU-3 of Hanscom Field and Hanscom Air Force Base (AFB) (Figure 1).
Hanscom AFB and Hanscom Field are situated approximately 14 miles northwest of Boston,
Massachusetts, in the towns of Bedford, Concord and Lincoln. Hanscom Field is a civilian
airport currently operated by the Massachusetts Port Authority (Massport). Hanscom AFB is a

military installation located adjacent to and southeast of the airfield.

Prior to 1974, Hanscom Field was used as a military airport by the Air Force. During this

time, hazardous substances were generated by support operations and disposed of at different
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Figure 1.

Hanscom AFB and Hanscom Field test site locations. Hydrogeologic Setting.




training exercises performed at selected sites on the airfield. These sites, contained in OU-1, are
as follows:

Site 1: Fire Training Area II

Site 2: Paint Waste Disposal Area

Site 3: Jet Fuel Residue/Tank Sludge Disposal Area
Site 5: Fire Training Area L.

To assess potential soil and groundwater contamination associated with these previous
activities, Haley and Aldrich, Inc. (H&A) completed a remedial investigation culminating in a
report (“Installation Restoration Program, Phase IV-A, Remedial Investigation Report for Sites
1-5 of Area 1”) dated May 1988. This assessment detected volatile organic compounds in
groundwater in three separate aquifers. In response to these findings, a groundwater treatment
facility was installed at the airfield. The treatment facility consists of three collection trenches
located at Sites 1,2, and 3, and four bedrock interceptor wells located along the northern
Hanscom Field property boundary. Collected groundwater is pumped to an air stripping tower,
treated, and then routed to a drainage ditch, which discharges into the wetlands to the north,
and/or routed to recharge basins at Sites 2 and 3, where it is reintroduced to the groundwater.
Currently, groundwater is being collected from each of the installed trenches and bedrock

interceptor wells.

Conventional wells will be selected from Sites 1 & 2 of OU-1 listed above and from Site
21 of OU-3. Site 21, also known as the Fuels Site for this study, 1s located on Hanscom AFB,
southeast of the airfield (Figure 1). Site 21 was formerly used for fuel and gasoline storage and
distribution. Between 1945 and 1973 the site was used for jet fuel and aviation gasoline, and
during the 1970s the site was only used for heating and fuel oils. During this period, several
spills were identified in the vicinity of former buildings and areas of this site. In 1990 the storage
tanks were removed and the land is now in use as a general storage area. In September of 1995, a
soil vapor extraction and passive groundwater collection system began operation to remove

subsurface contamination.

HYDROGEOLOGIC SETTING

Hanscom Field is located on a flat-lying plain with a general relief of less than 10 ft over
a distance of approximately 3 miles. This feature is an ancient lake basin that was formed and

subsequently filled in by sediment during the last phase of glaciation in New England. The plain




extends beyond OU-1 to the north and west. To the south and east, this plain is bounded near the
limit of OU-1 by low lying hills of glacial till and gravel. Other topographic features include
Hartswell Hill and Pine Hill. These are till-covered, isolated hills located at the northern and
western boundaries of OU-1, respectively. The hills provide a relief of approximately 100 ft

above the surrounding plain.

The principal drainage features in the vicinity of OU-1 are the Shawsheen River, which
originates in the east end of the air field and flows toward the northeast, and Elm Brook, which is
located west of the airfield and ultimately flows northwest and into the Shawsheen River (Figure
1). Surface runoff at Hanscom Field is controlled by a storm drain system that includes drainage
ditches, culverts, and subdrains. This system drains into Elm Brook, the Shawsheen River and
the wetlands northeast of OU-1.

Test borings completed during an Installation Restoration Program have identified three
principle soil deposits underlying OU-1. From upper to lower, these soils are an outwash
section, a lacustrine section, and a till section. The till section is deposited above bedrock,

consisting primarily of granite, with lesser amounts of quartz diorite and gneiss.

The upper most outwash section measures 0 ft to 33 ft in thickness and consists primarily
of fine sand. Locally this unit is composed of medium to coarse sand with lesser amounts of
gravel. The underlying lacustrine section consists of interbedded silt, clay, and fine sand. The
unit varies in thickness from 0 ft to 60 ft. Beneath the lacustrine section is a till deposit which

locally grades into a lower outwash unit. This unit measures from 0 ft to 88 ft in thickness.

These geological units define three separate aquifers. The outwash section comprises the
area's near-surface unconfined aquifer. The till section, positioned beneath a thick sequence of
lacustrine clay, silt and fine sand, forms a lower, semi confined aquifer. A third aquifer has been

encountered by monitoring wells installed into bedrock.




PROJECT ORGANIZATION
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CPT TECHNOLOGY DESCRIPTION
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The Cone Penetrometer Test (CPT) was originally developed in the Netherlands in about

1934 for geotechnical site investigations. The original cones involved mechanical measurements

of the penetration resistance on a conical tip. A friction sleeve was added in 1965 (Begemann,




1965). Electronic measurements were added in 1948 and improved in 1971 (de Reister,1971).
Pore pressure probes were introduced in 1975 (Torstensson, 1975 and Wissa et al., 1975),
initially as independent sensors, but were soon incorporated with the cone penetrometer
instrumentation. The modern CPT probe contains the primary geotechnical sensors for tip stress,
sleeve friction, pore pressure along with options of an inclinometer to measure the tilt of the
probe, resistivity, soil moisture, soil pH, and redox potential. The standard 10cm? cone is used
widely in Europe for geotechnical investigations due to the soft nature of many of the European
soils. In the United States, significant efforts have been made to develop more robust CPT
probes, suitable for use in the stiffer United States soils (especially in the western states). Due to
the high cost of drilling at their contaminant sites, both the Departments of Defense and Energy
have aggressive programs to develop chemical sensors and sampling methods for the minimally
intrusive CPT (Bratton, et al., 1993; Gildea, et al., 1995; Montgomery, et al., 1996; Farrington
and Bratton, 1997).

Major components of the modern cone penetrometer system are the instrumented probe,
the instrumentation conditioning and recording system, the hydraulic push system, and the
vehicle on which the system is mounted. The common configuration provides the reaction mass
for a hydraulic push force of about 20 tons (18,000 Kg). Standardization for geotechnical
applications of the cone penetration test was established by the American Society of Testing and
Materials in 1986. This standard allows for a probe diameter of 1.44 or 1.75 inches (3.658 cm or
4.445 cm).

Using the cone penetrometer for environmental site characterization represents a
relatively recent application of the technology. Significant advantages of the CPT include:
eliminating drilling wastes and the need for treatment and disposal of drill spoils as hazardous
material; providing continuous data on the subsurface stratigraphy in real time; identifying thin
layers of significantly different hydraulic conductivity; eliminating the possibility of the crew
being exposed to the potentially hazardous material; reducing the possibility of cross-
contamination (by pressure grouting the hole as the probe is withdrawn); and speed, when
compared to conventional drilling and sampling. CPT is an excellent platform for making

continuous measurements of contaminant information with depth, is useful for pushing




monitoring sensors into the subsurface, for installing monitoring wells and points, and for taking

gas, water, or soil samples for environmental testing.




EXPERIMENTAL DESIGN
INTRODUCTION

The Direct Push Monitoring Point Assessment is an experiment to determine whether or
not groundwater samples collected from CPT-installed wells produce the same analytical results
as groundwater samples collected from conventionally installed wells. This section discusses the
design of that experiment. An experimental design was completed to ensure that the data
obtained during this experiment can be used to support any conclusions drawn from this
experiment. This section explains the reasoning behind the chosen types of wells, analytical
methods, sample collection methods and statistical analysis. It does not describe the procedural
details associated with conducting the tasks of well installation, groundwater sampling or
laboratory analysis. These procedures are discussed in the Field and Analytical Program

sections.

EXPERIMENT HYPOTHESIS

The basic experiment is the comparison of a set of parameters found in groundwater
samples collected from two separate wells installed by different methods. The hypothesis is that
there will be no difference or that there is a systematic difference and that the results between the
two wells can be correlated. By collecting a large number of samples and analyzing the samples
for various para-meters, statistics can be used to determine within a certain confidence interval

whether or not the hypothesis is valid.

MONITORING WELLS

Since this experiment is comparing conventionally installed monitoring wells to
CPT-installed monitoring wells, a description of the two types of wells is warranted.
Conventional monitoring wells are installed by first drilling a bore hole and removing the soil
from the ground. The bore hole is held open by the hollow stem augers that are used to bore the
hole. The well casing is typically constructed of schedule 40 PVC (Polyvinyl Chloride) but may
also be constructed of steel or stainless steel. Well casings are typically 2 or 4 inches in diameter
but may vary from one-half inch to 8 inches or larger. The well casing is lowered down inside

the hollow stem auger to the design depth and a sand backfill is packed around the screen




section. Above the screen section a seal is typically installed to prevent migration from geologic
units above the screen down along the well casing. This seal is typically two to four feet in
thickness and constructed of bentonite. The remainder of the hole is back filled with a cement

grout and a concrete cap is installed at the surface.

CPT-installed wells are pulled into the ground with the CPT rods and the weight of the
CPT truck as reaction mass. The details of the installation procedure are discussed in the field
program. With CPT-installed wells the choices for casing size are limited as compared to
conventional wells, since the well material has to either fit inside the push rods or fit closely
around the outside of the rods. Casing sizes are typically ¥%-inch, 1%-inch or 2-inch nominal
diameter. CPT-installed wells, which are 1% inches or larger do not have any type of sand pack
back fill. The ¥%-inch wells may have a sand pack since the well is carried into place on the

inside of the rods. The sand pack would take the place of the rods as the rods are extracted.

The well screen section on both wells varies in length depending on the requirements of
the well. Openings in the screen, typically called slots, allow the water to pass into or out of the
well. The slots are designated by the width of the slot, typically 0.010 inch or 0.020 inch
(10-Slot or 20-Slot respectively).

In designing the experiment, the number of variables influencing the groundwater
samples was minimized to limit the comparison to the installation technique and the not the well
configuration. For that reason, the geometry of the CPT-installed wells was matched as closely
as possible to that of the conventionally installed wells existing at the sites. The conventionally
installed monitoring wells at Hanscom AFB and Hanscdm Field are typically 2-inch diameter
schedule 40 PVC wells with a 10-slot (.010-inch) or 20-slot (0.020-inch) screen size; the screen
length varies. Table 1 contains a list of wells installed at Sites 1 and 2 of OU-1 and Site 21 of

OU-3 showing the well and screen construction.
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Table 1. List of Potential Wells for Sites 1, 2 and 21 with Well Properties.

Direct Push Wells Conventional Wells
Total Meas. VOC Screen Screen
Well Site DPW CMW Total Top Bottom Silt Total ‘?op Bottom Siot
No. ARA ARA H&A Depth Depth Depth Trap Depth Depth Depth Size

(ugh) (ug/h) (ugl) |(feet B.G.S)|(feet B.G.S)| (feet B.G.S)| (feet) |(feet B.G.S.](feet B.G.S.J(feet B.G.S.] (inches)
Site No. 1 & 2
B101-MW 2 3.2 3.7 21.83 2.15 1855 | 3.28 18.50 3.50 18.50
B102-MW 1-2 21.3 3.9 uf 17.23 4.35 14.19 | 3.28 14.00 3.00 14.00
B105-MW 2 86.6 94.8 5.0 18.13 11.57 14.85 | 3.28 15.00 5.00 15.00
B107-MW 2 1.7 49 2.8 17.21 4.09 13.93 | 3.28 14.00 4.00 14.00
B109-MW 2 38.2 410 26.2 62.61 59.33 6261 | no 69.00 59.00 69.00 | -
B130-MW 2 73.4 110.6 u-7/98] 1715 4.03 13.87 | 3.28 14.00 4.00 14.00
B238-MW 1 H 7.0 57 ul 1027 4.09 1065 | no 1200 | . 500 10.00
B241(S) 1-2 3.7 12.2 ul 1825 5.13 1497 | 3.28 17.00 3.00 16.00
RAP1-4S 1 5.2 7.6 | 21j-7068] 14.63 1.87 | 14989 | no 14.70 0.00 14.70
RAP1-6S 1 H 49 61.1 27.0 17.88 1.83 1495 | 3.28 14.50 0.00 14,50
RAP2-25 2 H 662.5 1055 |.1.3-7/06] 2284 316 | - 1956 | 3.28 19901  0.00 19.90",
RAP2-2T 2 H 9489 | 1039.7 | 1400.0 62.19 55.63 6219 | no 75.30 60.10 | .. 75.30
RAP2-3S 2 H 3.1 547 | wu-7m8] - 27.00 076 | ~2372 328 | 2360 .  0.00
RAP2-48 2 76.7 68.0 2452 | 484 2452 | no 25.00 0.00
ow2-1 . 2 1275 | 1072 | o848 | 1162 1490 | 328 | 1500 | .. 10.00
ow24 2 3623.7 25.2 33.35 23.51 30.07 | 3.28 30.00 25.00
OW2-6 2 42889 | 4224.1 123140 |  13.26 19.82 | 3.28 | "20.00 '15.00
ow2-7 2 329 213.0 23.49 13.65 2021 | 3.28 20.00 15.00 B
RFW-11 2 319.0 135.7 21.0 20.34 7.22 17.06 | 3.28 17.20 | 7.20 17.20 | 770.02"
Site No. 21 = R
B39 ; 21 | '™ 9.4 92 ) 1 ..1754 770 | 1754 | no 2000 | 10.00 20.00
B42 21 { M 41 39 | | 1528 594 | 1578 | no | 15.00 5.00 15.00
MWZ:5 - 21 | L 36 18 |7 ] 2041 | 1057 | 2041 | no | 72000 -10.00 20.00
Mwzs | 21 H 862.4 226.1 | | 1878 8941 1878 | no 18.50 8.50 18.50
MWZ-7 o0 121 | B} 2882 |57 | Tl o 1403 747 T 1403 ) no | ¢ 190007 "s.00 | 19.00:
MWZ-11 21 H 1713 119 19.93 10.09 19.93 | no | 2200 1200 22.00 |
MWZ12775 0 21 H O} es9 | es3 | 20087} 1024 | 12008 ] no | 2000} 1000 | 20,0077
MWZ-17 21 M 29.9 257 18.94 9.10 18.94 | no 20.00 | 10.00 20.00 |
ow-27 " i e f LT 08 } o9 |- 1637 - 6.89 -16.73 § 'no ] 20,00} TT7.00 | 20.00 |77

There are some minor differences between the CPT-installed wells and the conventicnally
installed wells. During CPT well installation the stresses on the PVC well material are great, so
typically schedule 80 PVC is used instead of schedule 40 PVC. This results in a small difference
in well inner diameter. All of the CPT-installed wells have a slot size of 0.020 inches. We have
found that with the larger slot size we can more efficiently remove the fines from the geologic
material during the well development stage. Since a CPT-installed well does not have a sand
pack around the well, aggressive well development was performed to remove the fines from the
material effectively creating a natural sand pack around the well. Also, in some cases a silt trap
will be installed on the CPT-installed wells even when one does not exist on the conventionally
installed well. Installing a silt trap is common practice and particularly helps maintain the
effective screen area in CPT-installed wells. On the conventionally installed wells a silt trap may

not have been installed if the geologic material has a low silt content. In this case a silt trap
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would not be needed because of the clean sand pack installed around drilled well screens. CPT-
installed wells do not have a sand pack around the screen to reduce silt infiltration so even low
silt content material will have silt infiltration and the silt trap allows the silt to collect below the
screen interval away from the sampling zone. A circumstance in which a silt trap will not be
installed on the CPT-installed wells would be when the bottom of the screen of the existing well
Was installed at the bedrock elevation. In this situation the bottom of the screen of the CPT-
installed well would also be installed as close to the bedrock as possible, leaving no room for a

silt trap.

SAMPLE PARAMETERS

During groundwater sampling programs several water quality parameters can be
measured, depending on the objectives of the program. These parameters include chemical
constituent concentrations and general water quality measures such as temperature, pH, dissolved
oxygen, and turbidity. Chemical constituent concentrations are determined in the laboratory,
typically by Gas Chromatography (GC) analysis. General water quality measures are typically

measured in the field with portable equipment.

There are two classes of volatile organic compounds present in the groundwater at
Hanscom AFB. Previous sampling rounds have identified primarily halogenated hydrocarbons at
Sites 1 and 2 from chlorinated solvent contamination, and aromatic hydrocarbons at site 21 from
jet and diesel fuel contamination. From a review of the previous sampling round results, we have
selected a list of analytes, presented in Table 2, that encompasses both the halogenated and
aromatic hydrocarbons. We have choseﬁ this list because we know that these analytes are
present at the sites in varying concentration levels from non-detect up to as high as 21,000 ppb.
Also presented in Table 2 are the Maximum Contaminant Limits (MCL) and the estimated
quantitation limits (EQL) that will be reported by ARA’s laboratory during this study. The
MCLs are reported in the “Drinking Water Regulations and Health Advisories” (USEPA 1996)
publication and the EQLSs are determined from the method detection limit (MDL) study
performed by ARA’s laboratory. The Method Detection Limit study is discussed later in the

Laboratory Program section.
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In addition to the contaminant concentration of the target analytes (presented in Table 2),
the water quality parameters measured during the sampling process will also be included in the
statistical comparison of the two wells. These parameters, which include temperature,
conductivity, dissolved oxygen, pH, and turbidity, are measured periodically during purging
before the actual sample is collected. According to the sampling procedure, the well is purged
hntil these parameters stabilize, and then the sample is collected. The last set of general water

quality values measured before the sample is collected will be used in the statistical study.

Samples will be collected in pairs from selected CPT-installed wells and their

corresponding conventional wells at OU-1 (solvent site, sites 1 & 2) and at site 21 (the fuels site).

Table 2. Truncated Target Analyte List.

Estimated
Analyte MCL Quantitation Limit
ug/l ug/Il
1, 1-Dichioroethane 5.0 2.5
trans 1, 2-Dichloroethene 70.0 10.0
cis 1, 2-Dichloroethene 70.0 10.0
Trichloroethene 5.0 2.5
1,4-Dichlorobenzene 75.0 10.0
Benzene 5.0 6.7
Toluene 1000.0 “10.0
o-Xylene 10000.0 10.0
Vinyl chioride 2.0 18.4

GROUNDWATER SAMPLING METHOD

There are many different sampling procedures currently in practice for sampling
programs. The needs and objectives of the program often dictate the type of sampling method.
The objectives of this sampling program are to collect water samples from wells that have a two-
inch diameter. The groundwater table varies from 2 feet to 20 feet below the ground surface.
The contaminants of concern are all volatile organic compounds, and the primary concentration
range is near the action MCL level. Additionally, since the study is an experiment to support and
validate the use of CPT-installed wells, the sampling procedure should be supported by the

scientific community. For this study, we have selected the relatively new technique published by
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the EPA Region I in July, 1996. This technique, titled, “Low Stress (low flow) Purging and
Sampling Procedure for the Collection of Groundwater Samples from Monitoring Wells,” is
included in Appendix B of this document. EPA publication, “Low-Flow (Minimal Drawdown)
Ground-water Sampling Procedures”, which is referenced in the EPA Region I publication, has

also been included in Appendix C for reference purposes.

LABORATORY ANALYSIS

ARA will use a modified EPA Method 8021 for sample detection with EPA Static
Headspace Method 5021 for sample introduction to analyze the groundwater samples for the
truncated analyte list presented in Table 2. Method 8021 was selected because it includes both

the halogenated and aromatic hydrocarbons allowing all of the samples to be analyzed with one

GC method.

Split samples will be collected for Quality Assurance/Quality Control (QA/QC) and sent
to Inchcape Testing Services, Environmental Laboratories in Colchester, Vermont for analysis by
EPA Method 8260 (GC/MS). The QA/QC samples and procedures for groundwater sampling

and analysis are described in the Quality Assurance Project Plan included in Appendix E.

STATISTICAL DATA ANALYSIS

Analysis of the chemical and field sampling results will consist of a statistical analysis of
the difference between the samples collected from the CPT-installed wells and the samples
collected from the conventionally installed wells. This section describes the formulation of the

statistical analysis.

Statistical Hypothesis

The primary hypothesis of interest is that there is no difference between CPT-installed
monitoring well (cw) and conventionally installed monitoring well (mw) samples of groundwater
chemical constituent (GWCC) data. Because of spatial variability in GWCC data, the test on
measurement differences (D=cw-mw) between cw and mw pairs will be based on pairs that are
immediately adjacent in the field. This approach removes the variance inflating effect of an

expected positive covariance between the measurements and improves the precision of the test.
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The variance of the differences is that is the sum of the two variances minus twice the covariance
(Steel & Torrie, p. 78).
Z(cw X mw)

S§2=82,+S82 -2 —

(1
Where Sdz, Scwz and S,,,w2 are the standard deviation of the difference, the cw samples and the mw
samples respectively. The usual form for the hypothesis of no difference is H,:u(D)=0. That is,
the expected mean difference is zero, with test statistic:

> D |
«/ﬁxS‘, @

A ¢ statistic with n-1 degrees of freedom and S, is computed as:

_ny.D’ (¥ D)

n(n-1)

T=

S

3)
(Walpole & Myers, p. 252).

The difference, D, is usually taken to be the simple difference (cw-mw in this case), and is
assumed to be normally distributed, but "Since the data will generally be concentrations and
since concentration data are often found to follow the log-normal distribution, the log
transformation is suggested if substantial violations of the assumptions are found in the analysis
of the original data" (USEPA, 1989). The cw and mw measurements of concentrations should be
bounded below by zero, not normally distributed, and producing no guarantee that their
difference is normally distributed, which it would be if cw and mw were each normally
distributed. The problem of non-normality is much less likely to occur by taking D, the
difference, to be In(cw)-In(mw) and constructing 7 and Sy from that. The null hypothesis, Hy,
now concerns a difference in log space and translates into original space as
Hy:median(cw)/median(mw)=1. To show this to be true, consider how Hj, in its original form,
“H,:u(D)=0", is now equivalent to "u(ln(cw))—p(ln(mw))=0"', since saying "the mean difference
is 0" 1s the same as saying "the difference of the means is 0." This follows from standard

probability theorems concerning expectation (means) (Feller, p. 222):
w(a*Y)=a*u(Y), aconstant, and @

(X +7) = p(X) + u(Y) Q)
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To apply them here, let a = -1 and X and Y be In(cw) and In(mw), respectively. What
this easily tested hypothesis in the log space implies for the original measurements is not so
straightforward. Since In(cw) and In(mw) are assumed to be normalized transformations of cw
and mw, they should be centrally mounded and more or less symmetric, which is to say the mean,
median, and mode (the three measures of the distributions' “centers”) should coincide, within -

each of the two normalized distributions.

For normal distributions, one can replace hypotheses about means with ones about modes
or medians, since they are all the same numbers. This is not true when we leave the log space,
chosen for the convenience of doing a “paired t-test,” exponentiate the test results and try to
come to a conclusion about the original measures of interest, cw and mw. The likely distribution
of the cw and mw measurements is log-normal, that is, bounded below by zero, mounded to the
left, asymmetric (skewed) and unbounded (at least in theory) to the right. Under the t-test
assumptions, they would be log-normal: X is log-normal <=> X=exp(¥) where ¥ is normal and
Y=In(X). As with any such skewed distribution, the three measures of the “center” are separated
with the mode to the left, mean to the right, and median between them. That exponentiating Hy
should leave us with Hy:f{cw)/fimw)=1, an hypothesis that the ratio of functions of cw and mw is
1, should be clear, but what is function, f? The mean and mode of a log-normal are functions of
both the mean and variance of the underlying normal and, so, are independent of Hy; only the

median is not. In fact, for X a log-normal, median(X)=exp(u(/n(X)) (Hald, p. 161).

‘Test Method

On the expectation that the number of pairs of wells to be tested exceeds 15, an estimate

of how many pairs are required can be obtained by computing:

4xS;
" Bound*

©)

where Bound is the desired 95% error on the estimate of the mean expected difference, (i.e.,
— — D
P(u(D) is contained in [ D + Bound])=.95, where D = Z—- and is the estimator of (D), the
n
expected difference of the logs, or, the log of the expected ratio of the medians). Choice of

Bound affects N and represents minimally acceptable median ratios:
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Bound=In(2) = 6931472 <=> Reject H, 7

if the ratio of the medians < 0.5 or > 2.0,

Bound=In(10)=2.3025851 <=> Reject H (8)
if the ratio of the medians < 0.1 or > 10.

Choosing N appropriately guarantees a 5% or less chance of being wrong about the validity of
Hy, since, if it is true, 95% of In(ratios) fall within £Bound. The estimate of S, also affebts N and
must be computed from an initial group of pairs of wells that were planned as a minimal
experiment from the outset. A (1-alpha)100% confidence interval for the true variance is

estimated by:

(n-182 (n-1)S2

(2) »(5Y ?
X\2) *\ 3

where y are tabled values of the Chi-Squared distribution (Walpole & Myers, p. 217).

Multiplying both upper and lower bounds by gives a similar confidence interval for N.

4
Bound?
After N pairs of log differences are obtained they will be tested for normality, using the Shapiro-

Wilk test (Shapiro & Wilk, pp.591-611, Royston, pp.115-124). If they are normal, the test
statistic 7, above, will be computed and ¢ test performed. If not normal, a nonparametric test,
such as Wilcoxon's signed rank test can be used to test H, (Conover, Iman, pp.795-806). If the
‘log differences are not symmetrically distributed, as would be the case if median(D) were not
contained in /D + Bound], then a less powerful nonparametric test like the sign test must be
used, since "The assumption (for Wilcoxon's test) is that each difference is from some symmetric
distribution" (Steel & Torrie, p. 403). Tests will be performed using SAS (SAS Institute, pp.625-
628).

If Hy is rejected, an analysis of variance-driven model selection procedure could be
employed to find a transformation to reliably estimate mw readings from cw and cone

penetrometer data. To do so would probably require more data pairs to be collected as well as
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data on any exogenous variables thought to be affecting the readings. The mean squared error for

2
errors
such a transformation model ought to be very small and would be roughly the zn—— , Where

n = the number of data pairs and p = the number of parameters in the model estimated from the

same data.
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FIELD PROGRAM
SITE RECONNAISSANCE

During the site reconnaissance approximately 20 monitoring well pairs will be selected

based on the chemical and geological data from the existing conventionally installed wells.

MONITORING WELL INSTALLATION
Field Documentation

Field documentation was maintained during the installation of monitoring wells.
Associated standard CPT data included a Daily Log Sheet Form. This form was filled out by the
crew chief. The standard example of this form is provided in Appendix A. A monitoring well
installation report was completed for each well installed. The report form shown in Appendix A

was filled in during the installation of the well.

Depths and Locations

Approximately 20 locations will be selected from the Wells listed in Table 1. The pump
will be placed at depth which is the higher of the midpoint of the screen or two feet above the

bottom of the well and two feet below the water table elevation.

‘Well Installation Method

CPT-installed monitoring wells were installed according to standard installation
_procedures developed by ARA. A schematic of this well installation procedure is presented in

Figure 2.

Before new wells were installed a 1.75-inch standard CPT cone was pushed to the
designed well completion depth. This first push measured the geologic conditions at that
location and provided a guide hole for the larger diameter well. During the first push the CPT
data was acquired and stored during penetration and a field plot was generated at the completion

of the penetration.

Wells were installed by threading into one end of the one-meter silt trap section a

sacrificial stainless steel or high-strength plastic tip, which acted as the drive point. When the
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sump was not used the sacrificial tip was threaded onto the first screen section. The screen
sections were threaded onto the other end of the silt trap section and to each other as the drive
point was lowered to the ground. Once on the ground, the steel push rods, with a blunt tip
attached, were lowered inside the well material until the blunt end rests behind the sacrificial tip.
Enough rods were added so that the end of the rods extend beyond the top of the well material
énd the head clamp could clamp the rods and not the well material. Installation began as the rods
drove the sacrificial tip into the ground, pulling the well material into the ground with it.
Additional screen and riser sections were added as necessary until the screen section was at the

designed depth.

At the completion of advancement the rods were removed from the well and a depth
indicator was lowered down the well to determine the total depth of the well. This information
was recorded on the well installation report. During removal of the rods, the rods were
decontaminated using the CPT rig's steam cleaner. Water generated during the rod
decontamination process was containerized in 55-gallon drums and delivered to the on-site

groundwater treatment facility for disposal.
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During Installation After Installation
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L — 1.75” CPT Push Red
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| 1
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Figure 2. Schematic of 2-inch diameter PVC well installation with Cone
Penetration Technique (CPT).

Well Screen and Riser

Wells are constructed of 2-inch diameter schedule 80 PVC with flush threaded joints.
Each section is one meter (3.28 feet) long, has an outside diameter of 2.375 inches. As discussed
in the Experimental Design section the well screen were constructed of 0.020-inch slot schedule
- 80 PVC and are configured to match as closely as possible the existing conventionally installed
well screen top and bottom elevations. There are some minor differences in thé construction of

two wells, which have been noted in the experimental design section.

Surface Seal

After the well is installed a flush mounted manhole cover was installed and set in an
eighteen (18) inch square concrete cap. The well riser was cut approximately 2 to 3 inches below

the top of the cap before the manhole cover and cap were installed.
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DEVELOPMENT OF MONITORING WELLS
Objectives

Newly installed monitoring wells were developed following their completed installation.
Well development is designed to promote the free movement of groundwater through the well

screen so that representative groundwater samples can be obtained.

Development Procedures

Development of CPT-installed monitoring wells was conducted with the Aardvark well
development system. This system is a combination of a mechanical surge block and a venturi air
lift silt and water pump. The Aardvark system was cleaned in a liquinox water bath before each
use to avoid cross-contamination. Development was achieved by raising and lowering the
Aardvark development head in the well repeatedly over a two-foot section of the well screen.
During this process field readings were taken of the purge water's temperature, pH, and turbidity
at a rate of 1 reading per removed well volume. Field parameters were measured with a YSI
Model 6820 field water quality tester. Instrument specifications and calibration procedures are
included in Appendix D. The Aardvark process continued until these parameters stabilized (less
than 0.2 pH units or a 10 percent change for the other parameters among four consecutive

readings) and the water was clear and free of fines.

Well Development Records

Well development records were maintained by completing the Well Development Log,

found in Appendix A, for each well.

Management of Purge Water

Purge water generated during the well development process was containerized in 55-

gallon drums and delivered to the on-site groundwater treatment facility for disposal.
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GROUNDWATER SAMPLING
Sample Collection

Groundwater samples will be collected from monitoring wells using the EPA Region I
Low Flow Groundwater Sampling Procedures as described in the publication included in
Appendix B. The EPA document “provides a general framework for collecting groundwater
samples that are indicative of mobile organic and inorganic loads at ambient flow conditions”
(EPA 1996). This document will serve as the procedural guide for sampling unless superseded

by procedures outlined in this section.

Samples will be collected using a stainless steel non-dedicated Grundfos Redi-flow™
submersible pump or other pump accepted by the method. Since the pump is non-dedicated, it
will be decontaminated before each sampling round and after each well is sampled according to
the procedures outlined below. Water levels will be measured using a Solinst (or other
acceptable) water level meter calibrated to 0.01 feet. The instrument probe will be
decontaminated before each measurement by soaking with a Liquinox " solution and rinsing with
tap water and again with distilled water. Field water quality parameters will be measured using a
YSI Model 6820 sonde with a flow-through cell. Instrument specifications and calibration

procedures for the 6820 are included in Appendix D.

Each sampling round will be initiated by collecting one set of piezometric data from each
well included in the study. Piezometric data will be collected in one site-wide survey, before
groundwater purging and sampling begins. Piezométric data will be recorded in bound field log

books. The example format for recording piezometric data is provided in Appendix A.

Prior to collection of groundwater samples, water will be purged from the well until field
measurements of turbidity, conductivity, temperature, dissolved oxygen, and pH stabilize. Purge
procedures and stabilization guidelines are also covered in Appendix B. Field parameters will be
recorded at regular intervals (at least once per well volume) with the specified water quality tester
using a flow-through cell. This instrument will be calibrated at the start of each sampling day
and after extended periods of non-use. Field data collected during purging shall be recorded on

the Groundwater Sampling Log, provided in Appendix A.
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For each well the Redi-flow pump will be positioned, as described in Appendix B, at the
mid-point of the screened interval. If this location is less than 2 ft above the bottom of the well,

then the pump will be positioned at 2 ft above the bottom of the well.

Purge water generated during the groundwater sampling and decontamination water will
be containerized in 55-gallon drums or polyethylene equivalent and delivered to the on-site

groundwater treatment facility for disposal.

Sampling Equipment Decontamination

All sampling equipment will be decontaminated before the beginning of each sampling
round and after each well is sampled. Decontamination of the equipment reduces the risk of
worker exposure, reduces the risk of cross contamination and insures collection of representative

samples. The procedure summarized below is Procedure Number 2 in Appendix B.

If dedicated tubing is not use, the outside of the sampling tubing will be decontaminated
during retraction of the sampling pump. When the pump has been removed from the well it will
be placed in a water and liquinox bath. Three pump volumes will be pumped through the pump
and sampling tubing (if non dedicated). This process will be repeated for two baths of tap water

rinse and again in a bath of reagent free water.

Sample Containers

Each sample will be collected in a 40-ml glass vial with Teflon-backed septum.
Purchased sample vials will be pre-cleaned and suitable for purgeable volatile orgarxic analysis

(PVOA).

Sample containers will be filled such that no air is retained within the sample vial. The
absence of headspace will be verified by turning the capped vial upside down and tapping the lid
while watching for bubbles. Sample labels with requisite identification data will be affixed to
each vial. Each sample set of more than one vial will be placed in a single plastic bag. The
plastic bag will be of the re-sealable type or will be sealed with clear tape. Filled sample vials
will be stored at four degrees centigrade in a refrigerator or ice-containing insulated cooler until

delivery to the analytical laboratory.

24




Sample Identification

Field samples and associated QA/QC samples will be labeled with the date and time of
collection, sampling personnel’s initials, well ID and depth, and a unique sequence number. The

same information will be recorded in the field sampling logbook.

Sample Preservation

Samples will be preserved with hydrochloric acid (HCI). Water at the site will be tested

to determine how many drops are required to increase the acidity to 2 pH units.

Samples to be analyzed by the certified laboratory will be packed into a separate cooler at
the end of the sampling day. This cooler will be packed with a bottom layer surrounding the
sample containers. A Chain-of-Custody Form will be signed and placed in a resealable plastic
bag within the cooler and the cooler will be sealed with tape and a Chain-of-Custody Seal, such
that the seal must be destroyed before accessing the cooler. The cooler shall be shipped to the

laboratory by overnight express (or equivalent) mail from the field.

Holding times for samples sent to both ARA’s laboratory or the QA/QC laboratory will

not exceed 14 days.

Chain-of-Custody Records

Chain-of-Custody Forms will accompany all samples delivered to each laboratory. The

forms will list the number of vials of each size contained in each cooler. They will be signed and

dated by field persdnnel at the time of packing for shipment from the field, and by laborétory

personnel at the time of receipt in the laboratory. An example Chain-of-Custody Form is

provided in Appendix A.

FIELD QUALITY ASSURANCE/ QUALITY CONTROL

Quality assurance procedures will be implemented to evaluate if quantitative and
qualitative information is accurately represented. These procedures are outlined in detail in the
Quality Assurance Project Plan (QAPP) in Appendix E and include QA/QC samples to be
collected and analyzed in addition to the samples collected for the study. These samples are

briefly described below and are summarized in Table 3.
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Table 3. Field QA/QC Sampling Schedule.

Number of Samples/Event

Sample Description Frequency Solvent Fuel Total
(Sites 1&2)| (Site 21)

Experiment Samples 30 10 40

QA/QC Field Samples
Trip Blanks 1 /event/cooler 2 1 3
Field Equipment Blanks 1 /event/cooler 2 1 3
Field Duplicates 5% 2 1 3
Ambient Background Samples 1 /eventsite 1 1 2
Field Replicates (for independent lab) 20% 6 2 8
Total Samples collected/Event 43 16 59

Field Duplicates

Field duplicate samples will be collected for five percent (5%) of the total number of
samples collected. Duplicates will be collected by discharging from the same pump volume, first
into the original sample container and then into the duplicate container. They will be identified
as field duplicates on the Chain-of-Custody Forms. They will be analyzed by ARA in the same
manner as all other samples. The results of analyses of the field duplicate samples will provide a
measure of the precision (repeatability) of the field sampling methods and ARA’s laboratory

analytical methods.

Field Replicates (Split Samples)

Split samples will be collected from twenty percent (20%) of the total number of samples.
Split samples will be collected from both the CPT installed well and the conventionally installed
well. Splits will be sent to a certified laboratory for analysis by EPA Method 8260 to evaluate
the analytical performance of ARA’s laboratory. Splits will be collected in the'same manner as
field duplicate groundwater samples. The results of analyses of split samples will provide a
measure of the precision (repeatability) of the field sampling methods and the accuracy of the

laboratory analytical methods.

Trip Blanks and Field Equipment Blanks

One trip blank and at least one field equipment blank will be prepared for each sample
cooler returned from each sampling event at the site. Trip blanks will be prepared in ARA’s
laboratory using the same analyte-free reagent water as used in the preparation of check standards

and instrument blanks. Equipment blanks will be prepared in the field by passing analyte-free
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water through all decontaminated sampling equipment in the same manner that a groundwater
sample must pass. Water will be provided by the laboratory. The use of equipment blanks

validates the effectiveness of equipment decontamination procedures.

Trip blanks and equipment blanks must be handled, transported, and analyzed using
identical procedures as those used for regular groundwater samples. One trip blank must
accompany each sample cooler, including split sample coolers shipped to a level III certified

laboratory.

Matrix Spike and Matrix Spike Duplicate Samples

As mentioned above Field duplicates will be collected for five percent (5%) ‘6f the total
number of samples collected in the field to provide analytical qualfty control samples to the ARA
laboratory. These field duplicates will be used to prepare Matrix Spike and Matrix Spike
Duplicate (MS/MSD) samples in the laboratory and will be identified as field duplicates on the
Chain-of-Custody Forms. These samples will help identify matrix effects on spiked analytes of

known quantity, as well as the laboratory's precision in recognizing matrix effects.

Ambient Background Samples

Two background samples will be collected during each sampling event. These samples
will be collected from a well independent of the study wells and known to be up gradient of the
contaminate plume. These samples will be used to establish the background environment for the

study.

EQUIPMENT AND MATERIALS
Well Installation:

e CPT Truck with Support Truck
e Standard 1.75 Piezo Cone and Acquisition System
¢ One-meter long 2-inch diameter schedule 80 PVC, 20 slot screen sections,
4 TPI (M/F)
o One-meter long 2-inch diameter schedule 80 PVC, 20 slot riser sections, 4 TPI

(M/F) ,
e CPT well installation disposable drive point
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Well Development:

Support Truck

Aardvark well development system

55 gallon drum or polyethylene tank for purged water disposal
Water quality tester, and water level meter

PID

Sampling

Grundfos Redi-flow pump and controller, or other acceptable pump
Water quality tester

Sample Shipping Coolers

Plastic Bags

Ice Packs

Sample Vials

Photo Ionization Detector
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LABORATORY PROGRAM
ANALYTICAL METHODS

Chemical analysis of field samples will be performed for selected compounds using EPA
method 5021 siatic head space sample concentration and modified EPA method 8021 for the
analysis of volatile organic compounds in water. Modifications to method 8021 will include the .
use of a capillary column in place of a packed column, truncation of the standard analyte list, and
substitution of a flame ionization detector (FID) in place of a photo-ionization detector (PID) in
parallel with an electron capture detector (ECD) in place of a electrolytic conductivity detector.
The truncated target analyte list will include only the purgeable halocarbons and aromatics

presented in Table 2.

Split samples for laboratory Quality Assurance/Quality Control (QA/QC) will be sent to
Inchcape Testing Services Environmental Laboratories in Colchester Vermont. Analysis of splits
will be performed using Gas Chromatography/Mass Spectrometry (GC/MS) following EPA
Method 8260 with the same modified analyte list presented in Table 2.

As specified by the analytical methods sample holding times for samples sent to both
ARA'’s laboratory and the QA/QC laboratory will not exceed 14 days. Sample vials will be pre-
preserved with hydrochloric acid (HCI). A sufficient amount of acid will be added to the vials to

reduce the pH of each sample to less then 2 pH units.

- INSTRUMENT CALIBRATION

The Gas Chromatography (GC) equipment used by ARA will be calibrated according to
the procedures specified in EPA method 8021. For each analyte of interest, a five point
calibration will be developed including one at a concentration near, but above the method
detection limit. The other concentrations will correspond to the expected range of concentrations
found in the actual samples or will define the working range of the detector. A linear calibration
curve will be derived for each analyte by a least squares best fit through the five calibration
points plus the origin. The calibration curve is considered acceptable if the correlation
coefficient is greater than or equal to 0.995. Retention time windows will include plus or minus

three standard deviations of the mean retention times for each analyte measured over a 72 hour
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period. The instrument will be re-calibrated under two conditions: before analyzing the samples
from each sampling round, and upon failure of a quality control check as discussed in the Quality

Assurance Project Plan (QAPP) presented in Appendix E.

CALIBRATION STANDARDS

Calibration standards will be prepared according to the procedures specified by EPA
method 8021B. Stock standards will be prepared from pure (neat) standards, prepared as
specified in the method, or purchased as certified solutions. Dilution’s of any of the purchased
standards will be performed using Level A precision glassware and reagent-free water that has
been analytically demonstrated to be free of target analytes within the minimum detection limits
for the method. Retention time windows for all of the individual peaks will be identified by
analyzing 10-ppm dilution’s of each of the individual target analytes in accordance with the
procedures outlined in SW846 method 8000. Calibration check standards will be run at a rate of
one every ten samples and will include each of the target analytes at a concentration of 20-ppb.
These standards will be made up independently from the dilution’s used to make the calibration
standards. All calibration standards will be purchased from Supelco, Inc., a commercial
chromatography supplies vendor located in Bellefont, PA. The normal level of certification that

accompanies all of Supelco’s standards is acceptable for the purpose of this project.

METHOD PERFORMACE
Method Detection Limits

EPA Method 8021 specifies method performance criteria assuming a photo-ionization
detector (PID) and a Hall electrolytic conductivity detector (HECD) are used in series. Since we
are using different detectors (e.g., flame ionization detector (FID) and an electronic capture
detector (ECD)) in parallel as a modification of Method 8021 it was necessary to conduct an
instrument specific method detection limit (MDL) study.

The MDL study was conducted in ARA, New England Division’s Environmental
Laboratory. The instrument configuration consisted of Tekmar 7000 Static Headspace sampler
connected directly via a heated transfer line to the split/splitless capillary injection port of an

Hewlett-Packard 5890 series I gas chromatograph equipped with electronic pressure control
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(EPC). The injection port was run in splitless mode to optimize the detection of trace analytes.

The MDL study results are presented in Appendix F of this Work Plan.

Estimated Quantitation Limits

EPA Method 8021 states that the estimated quantitation limit (EQL), which is the
minimum concentration that can be reported with reasonable accuracy, is determined as the MDL
for each analyte times a response factor. The response factor (which is dependent on the sample
matrix) for groundwater and this method is 10. These EQLs are reported in Table 3 in the

Experimental Design section.

LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

A comprehensive Quality Assurance Project Plan (QAPP) to assure quality in both
sampling and analysis has been developed and is presented in Appendix E. The QAPP addresses
quality assurance associated with all aspects of sampling and analysis of samples. As addressed
in the QAPP, the criteria of completeness, representativeness, precision, and accuracy are used to

assess the quality assurance measures of the project.

Completeness is a measure of the amount of valid data obtained from a measurement

system compared with the amount that was expected under normalized conditions.

Representativeness (a sample exhibiting average properties of the whole) is determined
by the sampling procedures and proper selection of sampling points. Representative samples will
be maintained by collecting all samples following specific procedures provided in the Field

Program.

Precision for this sampling program will be assessed by analyzing field duplicate samples
submitted to ARA’s laboratory. These samples will be analyzed using the same procedures as
the rest of the samples. This will provide assurance of both the repeatability of sampling

procedures and the precision of the analytical effort.

Accuracy is a quantitative measure of the bias of a method or the level of agreement

between a measurement and a known true value. Laboratory accuracy will be evaluated using the
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results of matrix spike and matrix spike duplicate (MS/MSD) sample analysis. Additionally

accuracy will be addressed by sending splits from 20% of the samples to an independent

laboratory. Laboratory accuracy will be maintained in accordance with the EPA standard

methods used, as provided in the EPA Solid Waste Manual SW846.

Laboratory analytical quality will be assured through the performance of specific QC

checks and procedures described in the QAPP. These procedures include the use of method

blanks, laboratory control samples, and matrix spike samples. A summary of all samples to be

analyzed by ARA’s laboratory is presented in Table 4.

Table 4. QA/QC Analysis Schedule for Groundwater Samples.

Number of Samples/Event

Sample Description Frequency Solvent Fuel Total
(Sites 1&2)| (Site 21)
Experiment Samples 30 10 40
ARA Internal QA/QC Field Samples
Trip Blanks 1 /event/cooler 2 1 3
Field Equipment Blanks 1 /event/cooler 2 1 3
Field Duplicates 5% 2 1 3
Ambient Background Samples 1 /event/site 1 1 2
ARA Internal QA/QC Lab Samples
Method Blanks 5% 2 1 3
Laboratory Control Samples 5% 2 1 3
Matrix Spike (MS) Samples 5% 2 1 3
Matrix Spike Duplicate (MSD) Samples 5% 2 1 3
Total Samples for ARA Lab per Event 45 18 63
_ Total Samples for ARA Lab 45 18 63
Modified EPA Method 8021, Static Headspace Method 5021
Independent QA/QC Lab
Field Replicates (Splits) 20% 6 2 8
Trip Blanks 1 /event/cooler 1 1 2
Total Samples sent to QA/QC Lab per Event 7 3 10
Total Samples sent to QA/QC Lab 7 3 10
EPA Method 8260, EPA Method 5030 Purge and Trap
TOTAL SAMPLES 52 21 73
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Method blanks will be made from the same reagent free water used in the preparation of
calibration standards. Laboratory control samples will be prepared in the same manner as
calibration standards, but using standards purchased from a separate vendor, or prepared in the
laboratory from neat analyte stock. One method blank, one mid-level laboratory control sample,
and one matrix spike/matrix spike duplicate (MS/MSD) pair will be analyzed for every twenty
groundwater samples (5%). If any analytes are found in a method blank above the method
detection limit, or if the recovery of any laboratory control sample deviates by greater than fifteen
percent from complete recovery (i.e. less than 85% or greater than 115%) the given QC sample
will be re-analyzed. If a second analysis fails this quality control check, the instrument must be

re-calibrated and the last twenty samples re-analyzed.

The matrix spike samples will be prepared from the field duplicates collected for this
purpose, as indicated by field personnel on the Chain-of-Custody Forms. These samples will be
spiked with the same standard (i.e., same vendor and lot number) as used for instrument
calibrations. Control charts will be prepared from the results of MS and MSD analyses and used
to track instrument precision. The control charts will be developed from parametric statistics on
a moving twenty-point window of MS/MSD results, assuming a normal distribution of relative
percent differences in spike recoveries. If the relative percent difference for any pair of
MS/MSDs falls outside the established control limits (i.e., plus or minus three standard
deviations of the mean of the twenty previous spiked pairs), then the instrument will be re-

calibrated and new control limits established.

QA/QC EVALUATION OF ANALYTICAL DATA :

Chemical analytical data reported by the ARA laboratory will be evaluated by the
laboratory manager following the analysis of each round of samples. Through this evaluation,
the laboratory manager will decide to reject, or to flag reported analytical results based on the
results of the analyses of trip blanks, equipment blanks, method blanks, split samples, matrix

spikes, and based on holding times and other information obtained through field audits.

Criteria used in this evaluation will be based on those included in the EPA Region I

Laboratory Data Validation Functional Guidelines for Evaluating Organics Analyses (1988).
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Results of this evaluation will be included in the Quality Control Summary Report to be prepared

at the conclusion of each sampling round.
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HEALTH AND SAFETY

A separate Health and Safety Plan (HASP) has been prepared for this project. This
HASP addresses the issues associated with working at Hanscom AFB or Hanscom Field
conducting direct push monitoring well installation, typical cone penetrometer operations or
groundwater sampling. This document must be read by every participant working on this project
for ARA or its subcontractors. Copies of the HASP will be available on the CPT rig, the
sampling support rig and with the Project Manager at ARA in South Royalton, Vermont.
Addition copies will be provided to the Air Force Subtask Monitor.at AFRL/MLQ at Tyndall,
AFB and the Base Civil Engineer at Hanscom AFB.
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6.1
6.2
6.3
6.4
6.5
6.6

SCHEDULE

Table 5. Technical Milestones.

Milestone

Project Start

Monthly Progress Reports

Perform Sampling/Analysis

Final Report

Final Presentation

Final Technical Report (Camera Ready): Due 30 days after receipt
of government’s comments to the draft report.
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Planned Date
July 98
Monthly

Aug 98

Dec 99

Dec 99




REPORTING

Documentation for this project will consists of monthly status reports (MSR), a draft
technical report and a camera ready final technical report. The MSRs will be provided to the
ARA Tyndall office and directly to the Air Force Project Officer according to SSG MSR
schedule established by AFRL/MLQ. The draft technical report will be provided to AFRL/MLQ
within 30 days of the completion of the tasks. The final technical report will be provided to
AFRIL/MLQ within 30 days of receiving the government’s comments on the draft technical
report.
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APPENDIX A

DOCUMENTATION

CPT Daily Log Sheet

CPT Well Installation Report
Well Development Log
Piezo

Groundwater Sampling Log

Chain-of-Custody Form




CPT DAILY LOG SHEET




CPT WELL INSTALLATION REPORT

Project: Observation Well:
City/State: CPT ID:
Client: Installation Date:
Crew Chief: Location:
ARA File No.:
Ground El. /— Type of Protective Cover/l.ock
El. Datum <— Depth of Top of Roadway Box below
Ground Surface —_f
« Depth of Top of Riser Pipe below
PN V2 LY. A Ground Surface -
Comments: ¢— Type of Protective Casing:
Length —_—ft
Inside Diameter S
, ;% Depth of Bottom of Roadway Box —_—t
: ,  Seals:
: : Type Depth to Thickness
! 1 Top (ft) (ft)
vl
) ]
L]
] ]
] ]
) ]
1 1
1 1
1 1
: 4:— Type of Riser Pipe:
] 1
, , Inside Diameter of Riser Pipe —in
1 i
1
X ' Type of Backfilt around Riser
1
1 1
: :4—— Diameter of Largest CPT Expander R
I
] 1
[} ) X .
—x— ' B Depth of Top of Wellpoint -
[ = . .
: = r Type of Point or Manufacturer:
1 ]
: : Screen Gauge or Size of Openings e __in
1 ]
L2 : : Diameter of Wellpoint E—
=N
] 1
] 1
] 1
] 1
X | E4¢— Depth of Bottom of Wellpoint —tt
] 1
L3 V| e silt Trap
Ll
T C oo t— Depth of Bottom of Borehole S
(Depths refer to ground surface)
ft 4+ ft + ft =
Riser length (L1) Screen length (L2) Length of silt trap (L3) Total length
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WELL DEVELOPMENT LOG

PROJECT: SITE: WELLID: DATE:
WELL DEPTH: WATER LEVEL: WEATHER INFORMATION:
METHOD & EQUIPMENT:
SURGING TIME PUMPING TIME VOLUME BAILED DURING SURGING:
BEGIN: BEGIN:
END: END:
MEASUREMENTS OBSERVATIONS -
TIME TEMPERATURE pH SPEC. |TURBIDITY| CLARITY | COLOR | ODOR |PARTICULATES
COND.
TQ N
|
|
}
|
END:
Comments:

Information: 2 in = 617 mi/ft, 4 in = 2470 ml/ft : Voley = nirh, Volgphere = 4/37r°
PIEZOMETRIC DATA RECORDING FORMAT




1. NAME OF PROJECT:

2. DATE:

3. WEATHER INFORMATION:

4. WORK PERFORMED:

5. FIELD PERSONNEL:

6. FIELD INSTRUMENTATION USED WITH CALIBRATION INFORMATION:

7. DECONTAMINATION PROCEDURES:

8. WATER LEVEL DEPTH MEASUREMENTS TAKEN FROM TOP OF CASING IN MONITORING WELLS.
MEASUREMENTS IN COLLECTION TRENCH CLEANOUTS TAKEN FROM TOP OF CLEANOUT
STRUCTURE. MEASUREMENTS IN PUMP STATION WET WELLS TAKEN FROM SURVEYED DATUM.

9. PID READINGS TAKEN OF WELL HEADSPACE IMMEDIATELY UPON OPENING WELL. PID READINGS
LISTED WITH WELL READING/BACKGROUND READING.

10. PIEZOMETRIC MEASUREMENTS:

LOCATION PID READING DEPTH TIME

11. GENERAL REMARKS:

12. SIGNATURE AND JOB TITLE OF PREPARER:




GROUNDWATER SAMPLING LOG

PROJECT: SITE: WELLID: DATE:

WELL DEPTH: SCREEN LENGTH: WELL DIAMETER: CASING TYPE:

MEASUREMENT POINT: WATER LEVEL: WEATHER INFORMATION:

METHOD & EQUIPMENT:

SAMPLING PERSONNEL.:

TIME TEMPERATURE pH SPEC. | TURBIDITY COMMENTS:
COND

To:

END:

Samples Collected:

Information: 2 in = 617 ml/ft, 4 in = 2470 ml/ft : Vol = =

A-6

?h, Volpnere = 4/31r°
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APPENDIX B

Low Stress (low flow) Purging and Sampling Procedure
for the Collection of Ground Water Samples
from Monitoring Wells
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SOP #: GW 0001
Region I Low Stress
(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996

U.S. ENVIRONMENTAL PROTECTION AGENCY
REGION I

LOW STRESS (low flow) PURGING AND SAMPLING PROCEDURE
FOR THE COLLECTION OF GROUND WATER SAMPLES
FROM MONITORING WELLS

I. SCOPE & APPLICATION

This standard operating procedure (SOP) provides a general framework
for collecting ground water samples that are indicative of mobile
organic and inorganic loads at ambient flow conditions (both the
dissolved fraction and the fraction associated with mobile
particulates). The SOP emphasizes the need to minimize stress by low
water-level drawdowns, and low pumping rates (usually less than 1
liter/min) in order to collect samples with minimal alterations to
water chemistry. This SOP is aimed primarily at sampling monitoring
wells that can accept a submersible pump and have a screen, or open
interval length of 10 feet or less (this is the most common
situation). However, this procedure is flexible and can be used in a
variety of well construction and ground-water yield situations.
Samples thus obtained are suitable for analyses of ground water
contaminants (volatile and semi-volatile organic analytes,
pesticides, PCBs, metals and other inorganics), or other naturally
occurring analytes.

This procedure does not address the collection of samples from wells
containing light or dense non-aqueous phase liquids (LNAPLs and
DNAPLs). For this the reader may wish to check: Cohen, R.M. and J.W.
Mercer, 1993, DNAPL Site Evaluation; C.K. Smoley (CRC Press), Boca
Raton, Florida and U.S. Environmental Protection Agency, 1992, RCRA
Ground-Water Monitoring: Draft Technical Guidance; Washington, DC
(EPA/530-R-93-001) .

The screen, or open interval of the monitoring well should be
optimally located (both laterally and vertically) to intercept
existing contaminant plume(s) or along flowpaths of potential
contaminant releases. It is presumed that the analytes of interest
move (or potentially move) primarily through the more permeable zones
within the screen, or open interval.

Use of trademark names does not imply endorsement by U.S.EPA
but is intended only to assist in identification of a specific
type of device.
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SOP #: GW 0001
Region I Low Stress
(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996

Proper well construction and development cannot be overemphasized,
since the use of installation techniques that are appropriate to the
hydrogeologic setting often prevents "problem well" situations from
occurring. It is also recommended that as part of development or
redevelopment the well should be tested to determine the appropriate
pumping rate to obtain stabilization of field indicator parameters
with minimal drawdown in shortest amount of time. With this
information field crews can then conduct purglng and sampling in a
more expeditious manner.

The mid-point of the saturated screen length (which should.not exceed
10 feet) is used by convention as the location of the pump intake.
However, significant chemical or permeability contrast(s) within the
screen may require additional field work to determine the optimum
vertical location(s) for the intake, and appropriate pumping rate(s)
for purging and sampling more localized target zone(s). Primary flow
zones (high(er) permeability and/or high(er) chemical concentrations)
should be identified in wells with screen lengths longer than 10
feet, or in wells with open boreholes in bedrock. Targeting these
zones for water sampling will help insure that the low stress
procedure will not underestimate contaminant concentrations. The
Sampling and Analysis Plan must provide clear instructions on how the
pump intake depth(s) will be selected, and reason(s) for the depth(s)
selected.

Stabilization of indicator field parameters is used to indicate that
conditions are suitable for sampling to begin. Achievement of
turbidity levels of less than 5 NTU and stable drawdowns of less than
0.3 feet, while desirable, are not mandatory. Sample collection may
still take place provided the remaining criteria in this procedure
are met. If after 4 hours of purging indicator field parameters have
not stabilized, one of 3 optional courses of action may be taken: a)
continue purging until stabilization is achieved, b) discontinue
purging, do not collect any samples, and record in log book that
stabilization could not be achieved (documentation must describe
attempts to achieve stabilization) c¢) discontinue purging, collect
samples and provide full explanation of attempts to achieve
stabilization (note: there is a risk that the analytical data
obtained, especially metals and strongly hydrophobic organic
analytes, may not meet the sampling objectives).

Changes to this SOP should be proposed and discussed when the site
Sampling and Analysis Plan is submitted for approval. Subsequent
requests for modifications of an approved plan must include adequate
technical justification for proposed changes. All changes and
modifications must be approved before implementation in field.
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SOP #: GW 0001
Region I Low Stress
(Low Flow) SOP
Revision Number: 2
Date: July 30, 1996

II.EQUIPMENT
A. Extraction device

Adjustable rate, submersible pumps are preferred (for example,
centrifugal or bladder pump constructed of stainless steel or
Teflon) .

Adjustable rate, peristaltic pumps (suction) may be used with
caution. Note that EPA guidance states: "Suction pumps are not
recommended because they may cause degassing, pH modification, and
loss of volatile compounds" (EPA/540/P-87/001, 1987, page 8.5-11).

The use of inertial pumps is discouraged. These devices frequently
cause greater disturbance during purging and sampling and are less
easily controlled than the pumps listed above. This can lead to
sampling results that are adversely affected by purging and sampling
operations, and a higher degree of data variability.

B. Tubing

Teflon or Teflon lined polyethylene tubing are preferred when
sampling is to include VOCs, SVOCs, pesticides, PCBs and inorganics.

PVC, polypropylene or polyethylene tubing may be used when collecting
samples for inorganics analyses. However, these materials should be
used with caution when sampling for organics. If these materials are
used, the equipment blank (which includes the tubing) data must show
that these materials do not add contaminants to the sample.

Stainless steel tubing may be used when sampling for VOCs, SVOCs,
pesticides, and PCBs. However, it should be used with caution when
sampling for metals.

The use of 1/4 inch or 3/8 inch (inner diameter) tubing is preferred.
This will help ensure the tubing remains liquid filled when operating
at very low pumping rates.

Pharmaceutical grade (Pharmed) tubing should be used for the section
around the rotor head of a peristaltic pump, to minimize gaseous
diffusion.

C. Water level measuring device(s), capable of measuring to 0.01
foot accuracy (electronic “tape”, pressure transducer). Recording
pressure transducers, mounted above the pump, are especially helpful
in tracking water levels during pumping operations, but their use
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must include check measurements with a water level “tape” at the
start and end of each record.

D. Flow measurement supplies (e.g., graduated cylinder and stop
watch) .

E. Interface probe, if needed.

F. Power source (generator, nitrogen tank, ete.). If a gasoline
generator is used, it must be located downwind and at least 30 feet
from the well so that the exhaust fumes do not contaminate. the
samples.

G. 1Indicator field parameter monitoring instruments - pH, Eh,
dissolved oxygen (DO), turbidity, specific conductance, and
temperature. Use of a flow-through-cell is required when measuring
all listed parameters, except turbidity. Standards to perform field
calibration of instruments. Analytical methods are listed in 40 CFR
136, 40 CFR 141, and SW-846. For Eh measurements, follow
manufacturer's instructions.

H. Decontamination supplies (for example, non-phosphate detergent,
distilled/deionized water, isopropyl alcohol, etc.). ‘

I. Logbook(s), and other forms (for example, well purging forms).
J. Sample Bottles.

K. Sample preservation supplies (as required by the analytical
methods) .

L. Sample tags or labels.

M. Well construction data, location map, field data from last
sampling event.

N. Well keys.

0. Site specific Sample and Analysis Plan/Quality Assurance Project
Plan.

P. PID or FID instrument (if appropriate) to detect VOCs for health
and safety purposes, and provide qualitative field evaluations.
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IIT.PRELIMINARY SITE ACTIVITIES

Check well for security damage or evidence of tampering, record
pertinent observations.

Lay out sheet of clean polyethylene for monitoring and sampling
equipment.

Remove well cap and immediately measure VOCs at the rim of the well
with a PID or FID instrument and record the reading in the field
logbook.

If the well casing does not have a reference point (usually a V-cut
or indelible mark in the well casing), make one. Describe its
location and record the date of the mark in the logbook.

A synoptic water level measurement round should be performed (in the
shortest possible time) before any purging and sampling activities
begin. It is recommended that water level depth (to 0.01 ft.) and
total well depth (to 0.1 ft.) be measured the day before, in order to
allow for re-settlement of any particulates in the water column. If
measurement of total well depth is not made the day before, it should
not be measured until after sampling of the well is complete. All
measurements must be taken from the established referenced point.
Care should be taken to minimize water column disturbance.

Check newly constructed wells for the presence of LNAPLs or DNAPLs
before the initial sampling round. If none are encountered,
subsequent check measurements with an interface probe are usually not
needed unless analytical data or field head space information signal
a worsening situation. Note: procedures for collection of LNAPL and
DNAPL samples are not addressed in this SOP.

IV.PURGING AND SAMPLING PROCEDURE

Sampling wells in order of increasing chemical concentrations (known
or anticipated) is preferred.

1. Install Pump

Lower pump, safety cable, tubing and electrical lines slowly (to
minimize disturbance) into the well to the midpoint of the zone to be
sampled. The Sampling and Analysis Plan should specify the sampling
depth, or provide criteria for selection of intake depth for each
well (see Section I). If possible keep the pump intake at least two
feet above the bottom of the well, to minimize mobilization of
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particulates present in the bottom of the well. Collection of turbid
free water samples may be especially difficult if there is two feet
or less of standing water in the well.

2.' Measure Water Level

Before starting pump, measure water level. If recording pressure
transducer is used-initialize starting condition.

3. Purge Well
3a. Initial Low Stress Sampling Event

Start the pump at its lowest speed setting and slowly increase the
speed until discharge occurs. Check watexr level. Adjust pump speed
until there is little or no water level drawdown (less than 0.3
feet). 1If the minimal drawdown that can be achieved exceeds 0.3 feet
but remains stable, continue purging until indicator field parameters
stabilize.

Monitor and record water level and pumping rate every three to five
minutes (or as appropriate) during purging. Record any pumping rate
adjustments (both time and flow rate). Pumping rates should, as
needed, be reduced to the minimum capabilities of the pump (for
example, 0.1 - 0.4 1/min) to ensure stabilization of indicator
parameters. “Adjustments are best made in the first fifteen minutes
of pumping in order to help minimize purging time. During pump
start-up, drawdown may exceed the 0.3 feet target and then "recover"
as pump flow adjustments are made. Purge volume calculations should
utilize stabilized drawdown value, not the initial drawdown. Do not
allow the water level to fall to the intake level (if the static
water level is above the well screen, avoid lowering the water level
into the screen). The final purge volume must be greater than the
stabilized drawdown volume plus the extraction tubing volume.

Wells with low recharge rates may require the use of special pumps
capable of attaining very low pumping rates (bladder, peristaltic),
and/or the use of dedicated equipment. If the recharge rate of the
well is lower than extraction rate capabilities of currently
manufactured pumps and the well is essentially dewatered during
purging, then the well should be sampled as soon as the water level
has recovered sufficiently to collect the appropriate volume needed
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for all anticipated samples (ideally the intake should not be moved
during this recovery period). Samples may then be collected even
though the indicator field parameters have not stabilized.

3b. Subsequent Low Stress Sampling Events

After synoptic water level measurement round, check intake depth and
drawdown information from previous sampling event (s) for each well.
Duplicate, to the extent practicable, the intake depth and extraction
rate (use final pump dial setting information) from previous

event (s) . Perform purging operations as above.

4., Monitor Indicator Field Parameters

During well purging, monitor indicator field parameters (turbidity,
temperature, specific conductance, pH, Eh, DO) every three to five
minutes (or less frequently, if appropriate). Note: during the early
phase of purging emphasis should be put on minimizing and stabilizing
pumping stress, and recording those adjustments. Purging is
considered complete and sampling may begin when all the above
indicator field parameters have stabilized. Stabilization is
considered to be achieved when three consecutive readings, taken at
three (3) to five (5) minute intervals, are within the following
limits:

turbidity (10% for values greater than 1 NTU),
DO (10%),

specific conductance (3%),

temperature (3%),

pH (+ 0.1 unit),

ORP/Eh (+ 10 millivolts).

All measurements, except turbidity, must be obtained using a flow-
through-cell. Transparent flow-through-cells are preferred, because
they allow field personnel to watch for particulate build-up within
the cell. This build-up may affect indicator field parameter values
measured within the cell and may also cause an underestimation of
turbidity values measured after the cell. TIf the cell needs to be
cleaned during purging operations, continue pumping and disconnect
cell for cleaning, then reconnect after cleaning and continue
monitoring activities.

The flow-through-cell must be designed in a way that prevents air
bubble entrapment in the cell. When the pump is turned off or
cycling on/off (when using a bladder pump), water in the cell must
not drain out. Monitoring probes must be submerged in water at all
times. If two flow-through-cells are used in series, the one
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containing the dissolved oxygen probe should come first (this
parameter is most susceptible to error if air leaks into the system).

5. Collect Water Samples

Water samples for laboratory analyses must be collected before water
has passed through the flow-through-cell (use a by pass assembly or
.disconnect cell to obtain sample).

VOC samples should be collected first and directly into pre-preserved
sample containers. Fill all sample containers by allowing the pump
discharge to flow gently down the inside of the container with
minimal turbulence.

During purging and sampling, the tubing should remain filled with
water so as to minimize possible changes in water chemistry upon
contact with the atmosphere. It is recommended that 1/4 inch or 3/8
inch (inside diameter) tubing be used to help insure that the sample
tubing remains water filled. If the pump tubing is not completely
filled to the sampling point, use one of the following procedures to
collect samples: (1) add clamp, connector (Teflon or stainless
steel) or valve to constrict sampling end of tubing; (2) insert small
diameter Teflon tubing into water filled portion of pump tubing
allowing the end to protrude beyond the end of the pump tubing,
collect sample from small diameter tubing; (3) collect non-VOC
samples first, then increase flow rate slightly until the water
completely fills the tubing, collect sample and record new drawdown,
flow rate and new indicator field parameter values.

Add preservative, as required by analytical methods, to samples
immediately after they are collected if the sample containers are not
pre-preserved. Check analytical methods (e.g. EPA SW-846, water
supply, etc.) for additional information on preservation. Check pH
for all samples requiring pH adjustment to assure proper pH value.
For VOC samples, this will require that a test sample be collected
during purging to determine the amount of preservative that needs to
be added to the sample containers prior to sampling.

If determination of filtered metal concentrations is a sampling
objective, collect filtered water samples using the same low flow
procedures. The use of an in-line filter is required, and the filter
size (0.45 um is commonly used) should be based on the sampling
objective. Pre-rinse the filter with approximately 25 - 50 ml of
ground water prior to sample collection. Preserve filtered water
sample immediately. Note: filtered water samples are not an
acceptable substitute for unfiltered samples when the monitoring
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objective is to obtain chemical concentrations of total mobile
contaminants in ground water for human health risk calculations.

Label each sample as collected. Samples requiring coocling (volatile
organics, cyanide, etc.) will be placed into a cooler with ice or
refrigerant for delivery to the laboratory. Metal samples after
acidification to a pH less than 2 do not need to be cooled.

6. Post Sampling Activities

If recording pressure transducer is used, remeasure water level with
tape.

After collection of the samples, the pump tubing may either be
dedicated to the well for resampling (by hanging the tubing inside
the well), decontaminated, or properly discarded.

Before securing the well, measure and record the well depth (to 0.1
ft.), if not measured the day before purging began. Note:
measurement of total well depth is optional after the initial low
stress sampling event. However, it is recommended if the well has a
“silting” problem or if confirmation of well identity is needed.

Secure the well.

V.DECONTAMINATION

Decontaminate sampling equipment prior to use in the first well and
following sampling of each subsequent well. ©Pumps will not be
removed between purging and sampling operations. The pump and tubing
(including support cable and electrical wires which are in contact
with the well) will be decontaminated by one of the procedures listed
below.

Procedure 1

The decontaminating solutions can be pumped from either buckets or
short PVC casing sections through the pump or the pump can be
disassembled and flushed with the decontaminating solutions. It is
recommended that detergent and isopropyl alcohol be used sparingly
in the decontamination process and water flushing steps be extended
to ensure that any sediment trapped in the pump is removed. The
pump exterior and electrical wires must be rinsed with the
decontaminating solutions, as well. The procedure is as follows:
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Flush the equipment/pump with potable water.

Flush with non-phosphate detergent solution. If the solution is
recycled, the solution must be changed periodically.

Flush with potable or distilled/deionized water to remove all of
the detergent solution. If the water is recycled, the water must
be changed periodically.

Flush with isopropyl alcohol (pesticide grade). If equipment
blank data from the previous sampling event show that the level of
contaminants is insignificant, then this step may be skipped.

Flush with distilled/deionized water. The final water rinse must
not be recycled.

Procedure 2

Steam clean the outside of the submersible pump.

Pump hot potable water from the steam cleaner through the inside of
the pump. This can be accomplished by placing the pump inside a
three or four inch diameter PVC pipe with end cap. Hot water from
the steam cleaner jet will be directed inside the PVC pipe and the
pump exterior will be cleaned. The hot water from the steam
cleaner will then be pumped from the PVC pipe through the pump and
collected into another container. Note: additives or solutions
should not be added to the steam cleaner.

Pump non-phosphate detergent solution through the inside of the
pump. If the solution is recycled, the solution must be changed
periodically. ‘ ' : '

Pump potable water through the inside of the pump to remove all of
the detergent solution. If the solution is recycled, the solution
must be changed periodically.

Pump distilled/deionized water through the pump. The final water
rinse must not be recycled.

VI.FIELD QUALITY CONTROL

Quality control samples are required to verify that the sample
collection and handling process has not compromised the quality of
the ground water samples. All field quality control samples must be
prepared the same as regular investigation samples with regard to
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sample volume, containers, and preservation. The following quality
control samples shall be collected for each batch of samples (a batch
may not exceed 20 samples). Trip blanks are required for the VOC
samples at a frequency of one set per VOC sample cooler.

Field duplicate.

Matrix spike.

Matrix spike duplicate.

Equipment blank.

Trip blank (VOCs).

Temperature blank (one per sample cooler).

Equipment blank shall include the pump and the pump's tubing. If
tubing is dedicated to the well, the equipment blank will only
include the pump in subseqguent sampling rounds.

Collect samples in order from wells with lowest contaminant
concentration to highest concentration. Collect equipment blanks
after sampling from contaminated wells and not after background
wells.

Field duplicates are collected to determine precision of sampling
procedure. For this procedure, collect duplicate for each analyte
group in consecutive order (VOC original, VOC duplicate, SVOC
original, SVOC duplicate, etc.).

If split samples are to be collected, collect split for each'analyte
group in consecutive order (VOC original, VOC split, etc.). Split
sample should be as identical as possible to original sample.

All monitoring instrumentation shall be operated in accordance with
EPA analytical methods and manufacturer's operating instructions.

EPA analytical methods are listed in 40 CFR 136, 40 CFR 141, and SW-
846 with exception of Eh, for which the manufacturer's instructions
are to be followed. Instruments shall be calibrated at the beginning
of each day. 1If a measurement falls outside the calibration range,
the instrument should be re-calibrated so that all measurements fall
within the calibration range. At the end of each day, check
calibration to verify that instruments remained in calibration.
Temperature measuring equipment, thermometers and thermistors, need
not be calibrated to the above frequency. They should be checked for
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accuracy prior to field use according to EPA Methods and the
manufacturer's instructions.

VII.FIELD LOGBOOK
A field log shall be kept to document all ground water field
monitoring activities (see attached example matrix), and record all
of the following:

Well identification.

Well depth, and measurement technique.

Static water level depth, date, time and measurement technique.

Presence and thickness of immiscible liquid (NAPL) layers and
detection method.

Pumping rate, drawdown, indicator parameters values, and clock
time, at the appropriate time intervals; calculated or measured
total volume pumped.

Well sampling sequence and time of each sample collection.
Types of sample bottles used and sample identification numbers.
Preservatives used.

Parameters requested for analysis.

Field observations during sampling evént.

Name of sample collector(s).

Weather conditions.

QA/QC data for field instruments.

Any problems encountered should be highlighted.

Description of all sampling equipment used, including trade names,
model number, diameters, material composition, etc.

VIII. DATA REPORT
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Data reports are to include laboratory analytical results, QA/QC
information, and whatever field logbook information is needed to
allow for a full evaluation of data usability.

B-14




*(ygd I03F uT pueils) Terjusjod uoTiIONpPsSI UOTIRPTXO €
"DoS52 3B (WD/soyuu se swes)wd xad susweaIsw g
*(*039 ‘'utw/saToAd ‘zi3xey :ordwexs I03j) burjlss TeTp dund T

LN

A3TpT
jalecsliiilii(e)y) -gqang

/b AW

cUd
oal| /dd¥o| HA

wo /sw

z PUOD
- pads

Jo

dwag,

SI93TT | UTW/Tw 33| ¥H ve
diW

pabang MmoTaq

swnToA ojey | [Teta | yadsa SWTL

‘un) obang | dwung | xo3em | 001D

(2dA3 dwund) !edIaSg butbang

(dW moT=q "137)
wo330q dog

di AFT3uspIl

uoTjeztuebao burtdues

Je ayjejul dund

Tsuuosasad pPIoatd

(dW mOT3q)

us3I108 JO /

a3ed JsqunN TT=M

o3 yadeg

(sweN AJTTIOR4/23TS) UOT]3EDOT]

WJ0d SINAWTINSVAW ALITYNO JALVM dTIIA-ONIDINd TTSM

jo abeg

(sauswaaTnboy WNWTUTW) HIAWYXH



APPENDIX C

Low-Flow (Minimal Drawdown) Groundwater Sampling Procedures®
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LOW-FLOW (MINIMAL DRAWDOWN)
GROUND-WATER SAMPLING PROCEDURES

by Robert W. Puls' and Michael J. Barcelona?

Background

The Regional Superfund Ground Water Forum is a
group of ground-water scientists, representing EPA's
Regional Superfund Offices, organized to exchange
information related to ground-water remediation at Superfund
sites. One of the major concerns of the Forum is the
sampling of ground water to support site assessment and
remedial performance monitoring objectives. This paper is
intended to provide background information on the
cevelopment of low-flow sampling procedures and its
application under a variety of hydrogeologic settings. It is
hoped that the paper will support the production of standard
operating procedures for use by EPA Regional personnel and
other environmental professionals engaged in ground-water
sampling.

For further information contact: Robert Puls, 405-436-8543,
Subsurface Remediation and Protection Division, NRMRL,
Ada, Oklahoma.

1. Introduction

The methods and objectives of ground-water
sampling to assess water quality have evolved over time.
Initially the emphasis was on the assessment of water quality
of aquifers as sources of drinking water. Large water-bearing

units were identified and sampled in keeping with that
objective. These were highly productive aquifers that
supplied drinking water via private wells or through public
water supply systems. Gradually, with the increasing aware-
ness of subsurface polluticn of these water resources, the
understanding of complex hydrogeochemical processes
which govern the fate and transport of contaminants in the
subsurface increased. This increase in understanding was
also due to advances in a number of scientific disciplines and
improvements in tools used for site characterization and
ground-water sampling. Ground-water quality investigations
where pollution was detected initially borrowed ideas,
methods, and materials for site characterization from the
water supply field and water analysis from public health
practices. This included the materials and manner in which
monitoring wells were instziled and the way in which water
was brought to the surface, treated, preserved and analyzed.
The prevailing conceptual ideas included convenient generali-
zations of ground-water resources in terms of large and
relatively homogenecus hydrologic units. With time it became
apparent that conventional water supply generalizations of
homogeneity did not adequately represent field data regard-
ing pollution of these subsurface resources. The important
role of hetercgeneity became increasingly clear not only in
geologic terms, but also in terms of compiex physical,
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