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EXECUTIVE SUMMARY

Operations in the Savannah River Site (SRS) A/M-Area resulted in the release of
chlorinated solvents to the ground. The solvents, primarily trichloroethylene (TCE)
and tetrachloroethylene (PCE), are immiscible with water and tend to form a non-
aqueous phase that can migrate downward through the vadose zone and into the
groundwater. The migration path is influenced by geology (c.g., clay layers),
hydrology (e.g., water table location), and solvent physical/chemical
characteristics. Chlorinated solvents, such as those released in the A/M-Area, are
more dense than water. Thus, the immiscible phase is often called dense non-
aqueous phase liquid (DNAPL). Residual subsurface DNAPL is likely at ariy site
where significant solvent quantities have been released.

Characterization of DNAPL above and below the water table is an important
component of developing a comprehensive remediation system. Typical sampling
approaches are not designed for this objective. Characterization of DNAPL below
the water table is often difficult, due to DNAPL's dispersed occurrence and
complex behavior. Above the water table, residual DNAPL will reside in
intergranular pores, held by capillary forces. The overall characterization of
subsurface DNAPL distribution requires application of specifically focused
characterization technologies based on contaminant attributes and hydrogeological
setting, Further, noninvasive or minimally invasive technologies should be
employed, where possible, to minimize potential DNAPL spreading.

Several technologies were used during the Phase 1 characterization. These

included: (1) physical and chemical measurements in existing monitoring wells

(e.g., interface probe and bailer samples, and visual examination), (2) cone

penetrometer to provide detailed data on the geology (clay layers and lithologic -
controls), and (3) geophysical logging of existing monitoring wells to examine the

well casing and formation outside the well casing for indications of DNAPL.

Historical data was used to focus the study on the most promising wells and

techniques. ’ *

A separate phase was identified in monitoring wells MSB-3D and MSB-22 sumps.
Both identifications were made based on direct observation of a bottom filling
bailer. The dense phases collected from these two wells were sampled and
analyzed at different times to allow testing of various hypotheses for DNAPL

ES-1
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occurrence. The observed changes in the volume and composition of the dense
phase collected from the two sumps at separate times are specifically related to
possible DNAPL behavior scenarios. The data suggest that DNAPL has reached
the water table only at the largest volume release areas, the M-Area Settling Basin
(Settling Basin) and the A-014 Outfall. The relatively thick vadose zone beneath
A/M-Area tends to limit the downward flux of DNAPL and capture some DNAPL
in layered clays. As expected, DNAPL has been observed where solvent release
exceeded the capacity of the vadose zone to moderate the flux of the pure phase to
the water table. The clearest evidence of DNAPL below the water table was found
at the Settling Basin, where a separate phase was identified in the sumps of two
wells. The data collected at separate times suggest that the DNAPL below the water
table occurs as relatively diffuse ganglia and/or a thin layer on the top of aquitards,
and that DNAPL collects in well sumps as the result of dynamic processes. One
such process is the accumulation of dense ganglia in the well sump as the well is
actively purged and sampled (similar to the accurnulation of sediments in the sump).

The cone penetrometer allowed refinement of the delineation of an important clay
zone (the "green clay”) beneath the water table. Undulations and other structural
variations on top of this layer would serve to control the movement of a dense
phase below the water table. Based on the cone penetrometer results, structure
controlled pathways for density-dominated transport below the water table were
discerned. Two potential pathways were identified. The primary potential pathway
of contaminant migration begins near the Settling Basin, where DNAPL was found
in monitoring wells MSB-3D and MSB-22. The contour grades toward the west
and then north toward MSB-76, where high dissolved constituent concentrations (>
1000 ug/L) are reported. Areas along the low points of the path described in this
interpretation will be locations of future DNAPL investigation.

The geophysical logging data indicate the physical integrity of the monitoring well
casings in A/M-Area (over 300 polyvinyl chloride wells) has not been substantially
impacted by exposure to chlorinated solvents, The wells, even immediately
adjacent to the highest volume release areas, do ‘not show signs of mechanical
instability, leakage, or other types of large-scale failure. Data from a few
monitoring wells provide subtle indications of potential exposure to DNAPL. The
most consistent DNAPL indications are provided in monitoring wells MSB-9A and
MSB-22, with less probable indications from monitoring wells MSB-10A and
MSB-11A.

ES-2
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Phase 1 of the DNAPL characterization provided significant insight into the nature
and location of DNAPL in the SRS subsurface. In particular, the data indicate a
substantial amount of DNAPL has been trapped in clays and silts in the vadose zone
above the water table. Remediation of this material by soil vapor extraction (SVE)
before it reaches the water table represents the first major DNAPL-targeted
remediation technology. SVE demonstrations have been performed in A/M-Area
using both horizontal and vertical wells, A full-scale SVE design, installed as a
component of the A/M-Area groundwater corrective action program is underway.
Additional remediation technology demonstrations are planned. Phase 1
characterization data also suggests that DNAPL below the water table in A/M-Area
is present as disconnected ganglia, rather than as a large, solvent-saturated layer,
The objectives of Phase 2 of the DNAPL characterization will focus on: (1)
refining our knowledge of the location and nature of DNAPL in the subsurface, and
(2) implementing studies to examine the efficacy of potential remediation
techniques for DNAPL below the water table. As in Phase 1, non-invasive, or
minimally invasive, techniques will be stressed,

The particular characterization technologies proposed for Phase 2 include additional
geophysical logging, additional well sump and well bore sampling and observation
techniques, use of a cone penctrometer equipped to perform Raman Spectroscopy,
depth discrete water samples using the cone penetrometer, and an
injection/extraction test using alcohol and surfactant solutions. Due to the diffuse
nature of the DNAPL occurrence below the water table, the injection/extraction test
is the only method that will provide unambiguous indication of the presence or
absence of DNAPL near monitoring wells. Additionally, this work will provide
data needed for future remediation activities.

As described above, SRS is currently implementing full-scale SVE technology as
part of the A/M-Area groundwater corrective action. This will address a significant
portion of the residual DNAPL in the area. Two additional remediation tests are
planned: a radio frequency heating enhanced vapor extraction and an ohmic heating
enhanced vapor extraction. Both of these tests address residual DNAPL. trapped in
clays above the water table. Based on the results of these tests, enhancements to
the full scale SVE operations will be possible.

ES-3
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1.0

2.0

2.1

OBJECTIVES

The primary objective of the Phase 1 dense non-aqueous phase liquid (DNAPL)
characterization was to assess the status of DNAPL bencath A/M-Area at the Savannah
River Site (SRS). The initial characterization phase consisted of: (1) geological data
collection to more precisely define the controlling geologic features, and 2)
physical/chemical measurements in existing wells. Additionally, background and historical
information from the unit (e. &, operating history and detailed vadose zone characterization
studies) were examined, with particular attention to implications for DNAPL occurrence
and distribution. Use of minimally invasive technologies was the prime focus for Phase 1.

BACKGROUND
Overview

Operations in the SRS A/M-Area resulted in the release of chlorinated solvents to the
ground. The solvents, primarily trichoroethylene (TCE) and tetrachloroethylene (PCE),
are immiscible with water, and soluble in water only in trace concentrations. Such solvents
tend to form a dense, non-aqueous phase that can migrate downward through the vadose
zone and into the groundwater. The migration path is influenced by the site geology (e.g.,
clay layers), hydrology (e. &, the location of the water table), and the physical/chemical
characterization of the solvents. The presence of residual DNAPL in the subsurface is
virtually certain at any location where significant quantities have been released. TCE and
PCE were first identified in A/M-Area groundwater in 1981. Groundwater pumping
technology was implemented in 1985 to initiate contaminated groundwater removal and
plume containment. This action was followed by further characterization and additional
remediation technologies as needed to meet the required clean-up goals,

Pilot scale groundwater pump and treat at SRS began in 1983 and a full scale pump and
treat system was in place in 1985. In the operating permit from the South Carolina
Department of Health and Environmental Control (SCDHEC), SRS committed to (D
identification and remediation of all sources of chlorinated solvent to the groundwater in
A/M-Area, (2) periodic evaluation of the performance of the remediation system, and (3)
development and evaluation of new technologies to improve system performance. SRS has
actively addressed all of these items. Several research studies have been performed to

1
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2.2

2.2.1

demonstrate the applicability of new technologies to enhance remediation efforts (including
vacuum extraction, in situ air stripping, in situ bioremediation). Finally, as discussed
herein, a program to characterize the nature and extent of DNAPL contamination and
potential remedial system modifications to address this portion of the subsurface
contamination was initiated in 1991.

A/M-Area Groundwater Corrective Action History
Solvent Use History

Facilities for SRS reactor fuel and target elements are located in the M-Area. During past
fabrication processes, fuel and target elements were degreased in vats at several stages, and
cleaned at other stages with hot caustic and hot nitric acid. From 1952 to 1982, M-Area
used an estimated 13 million pounds of chlorinated solvents (Table 2.2.1). Approximately
50 to 95 percent of the solvents evaporated during degreasing operations. Residual solvents
went to the M-Area process sewer system. An estimated two million pounds may have
been released to the sewer leading to M-Area Settling Basin (Settling Basin). An estimated

one and one-half million pounds may have been released to the A-014 outfall. The
following M-Area solvent use summary is adapted from Marine and Bledsoe (1984).

M-Area degreasing facilities are located in Buildings 313-M, 320-M, and 321-M (Figure
2.2.1). Degreaser facilities consist of large, tube-cleaning vats in Buildings 320-M and
321-M, and smaller vats in 313-M, and a still to recover grease-containing solvent. In the
past, spent degreaser solvent was either drained into the process sewers or pumped into
drums, then distilled for reuse. During the 1970s, still bottoms, degreaser sludges, and
some solvent were collected in drums and stored on concrete pads to await distillation
recovery. Beginning in 1979, all used solvents and sludges were drummed and stored in
Building 710-U, a hazardous waste storage facility.

Buildings 313-M and 320-M were operational by the end of 1952, and used TCE as the
degreasing agent. TCE was shipped to SRS in railroad tank-cars. The cars were apparently
used to hold solvent while located on the railroad siding (site"A", Figure 2.2.1). Solvent
was pumped from the tank cars to pipelines to Building 313-M, and from there to Building
320-M. Spills are likely to have occurred during tank car unloading operations, but none
are documented. A ditch ('"B“, Figure 2.2.1) drained the 313-M area to the back of
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Building 320-M, and from 320-M t0 a low, swampy area where Building 321-M was
eventually constructed ("C", Figure 2.2.1). Used solvent from 313-M and 320-M was
released to the process sewer ("D", Figure 2.2.1) that drains to the A-Q14 Outfall. This
outfall discharges 1o a tributary of Tim's Branch, A solvent drum-loading facility was
constructed at the south end of Building 313-M ("E", Figure 2.2.1).

Building 321-M (with three degreaser units) was constructed in 1957, The Settling Basin
was constructed in 1958 to contain uranium wastes from Building 321-M processes,
including waste solvents, through a second process sewer ("F", Figure 2.2.1). The
Settling Basin began to overflow after one to two years of use. Overflow traveled along an
engineered ditch ("G", Figure 2.2.1) toward Lost Lake. The entire area, including the
closed Settling Basin, Lost Lake, and the former process sewer line location, is referred to
as the M-Area Hazardous Waste Management Facility HWMF).

Accompanying the operation of Building 321-M in 1957, a number of changes were made
in solvent handling. A 17,000-gallon solvent storage tank was constructed behind
Building 321-M. Solvent was pumped into the tank from the incoming railroad tank-cars.
The drum loading station remained at the south end of Building 321-M. Spills and leaks
probably occurred in the the Storage tank area from off-loading railroad tank-cars, and in
the drum loading area.

The swampy conditions surrounding Building 321-M required installation of a drainfield
subsequent to building construction ("H", Figure 2.2.1). The drainfield discharged to the
south and west of the facility, but most drainage was still to the natural draw over which
Building 321-M was built ("T", Figure 2.2.1).

In 1962, PCE was substituted for TCE in the Building 313-M cleaning process. TCE
continued to to be stored in the solvent tank, and was pumped to the drumming facility.
PCE was discharged through the process sewer leading to the A-014 Outfall.

In 1971, PCE was substituted for TCE in cleaning processes at Buildings 320-M and 321-
M, and the solvent storage tank was converted to PCE containment. By 1972, efforts were
underway to limit uraninm discharges from Building 313-M to the A-Q14 outfall. One of
the Building 313-M sewer lines was connected 1o the main process sewer to the Settling
Basin in early 1973, Consequently, about one-half of the solvent going to Tim's Branch
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from Building 313-M was diverted to the Settling Basin. In 1976, sewer reconfiguration
resulted in all Building 313-M and Building 320-M process discharges being directed to the
Seutling Basin. In 1979, 1,1,1-trichloroethane replaced PCE in the 300-M-Area. Surplus
PCE apparently was disposed in the process sewer to the Settling Basin.

Dissolved solvents were identified in the groundwater beneath the Settling Basin in 1981,
Television surveys of the process sewer to the Settling Basin and A-014 Outfall were
conducted in 1982. Cracks and fine plant roots were observed in the terra cotta pipe to the
Settling Basin ("F", Figure 2.2.1). Below-water portions of the sewer pipe could not be
observed by this technique. The pipe to the Settling Basin was relined in 1984, Small
cracks were observed over most of the length of the A-014 outfall pipeline. The A-014
sewer was relined in 1983. The pipe labeled "J" on Figure 2.2.1 was also examined. It
was observed to be heavily corroded. In 1985, process wastes from M-Area were diverted
to the Liquid Effluent Treamment Facility, and Settling Basin use was discontinued.,

The Savannah River Technology Center (SRTC: formerly the Savannah River Laboratory)
has operated degreaser units in the basement of Building 773-A (Figure 2.2.1). The
degreaser units are not currently in operation. In 1954-55, two degreaser units were
installed in the two chemical cleaning rooms in the Fabrication Laboratory. Dipped objects
were cleaned of solvent in a rinse tank. Rinse tank contents were discharged to the trade
waste stream, which discharges at the A-001 outfall (Figure 2.2.1). The degreaser
facilities were used in the 1950s, when consumption was 30-40 drums per year. Usage
declined during the 1960s and 1970s. Each degreaser unit was equipped with a distilling
unit. Soda ash was used to boil out the still bottoms (grease). This solution was
discharged to the trade waste stream. In 1962, a degreaser was added at the nickel plating
facility. One degreaser unit was removed in 1964, another in 1973. The same year,
solvent use in the remaining degreaser was converted to PCE. All degreaser unit use in the
SRTC was discontinued in 1979.

A degreaser unit was located in the Building 717-A central maintenance shop. About 50
gallons per year of TCE were used. The degreaser unit was underlain by a sump pit,
which was likely connected to a storm drain. The degreaser unit was removed in 1977.
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The estimated amount of each of the three solvents released to the Settling Basin and the A-
014 Outfall are summarized in Table 2.2.1. The time of usage of the three solvents in M-
Area is depicted in Figure 2.2.1.

Comrestive Action Ig] ,

From 1958 to 1985, M-Area Pprocess wastes were discharged to the Settling Basin and the
A-014 outfall. The Settling Basin was an eight million gallon, unlined surface
impoundment designed to settle and contain uranium and other dissolved metals discharged
from fuels and target fabrication processes. Effluent disposal to seepage or settling basins
was standard practice in industry during the 1950s through the 1970s. The M-Area waste
stream contained metals (nickel, aluminum, uranium, lead), acids, caustics, and solvents
from the aluminum-forming and electroplating processes. Under the Resource
Conservation and Recovery Act (RCRA) Hazardous Waste Listings promulgated in 1980,
the waste stream was classified as F006-electroplating waste.

The SRS submitted a Part A Permit Application to the SCDHEC in 1980, putting the M-
Arca HWMF under interim status. Interim status procedures included regular facility
inspections, training facility personnel, and reports including groundwater monitoring
information. The first phase of groundwater monitoring well installation began in
November 1979. In September 1984, SRS submitted a closure plan for the HWMEF. This
plan was approved by SCDHEC in July 1987. Closure began in April 1988, following
National Pollutant Discharge Elimination System and wastewater construction permit
approvals. )

The HWMF closure plan involved steps to immobilize hazardous materials. First,
approximately six million gallons of water in the Settling Basin were treated to remove
metals in solution. A temporary waste water treatment facility, using conventional
clarification and precipitation technology, was constructed at the site. Sccond, a sludge
layer containing heavy metals was dewatered, and stabilized with Portland cement and kiln
dust. The stabilized material was placed in the Settling Basin and compacted.

The Settling Basin was subsequently backfilled with contaminated soi] excavated from the
process sewer line, overflow ditch, secpage area, and Lost Lake. This process removed the
residual soil-contamination from these areas and allowed restoration to natural conditions.
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Once the material was backfilled and compacted, a RCRA-style cap was constructed over
the Settling Basin. The cap, which comprises layers of low permeability clay, a synthetic
liner, gravel for drainage, and vegetated topsoil, was designed to prevent rainwater
infiltration and promote runoff. Closure activities were completed in 1990. Closure
approval was received from SCDHEC in 1991.

In February 1985, SRS submitted a RCRA Part B Permit Application to include M-Area
HWMF post-closure maintenance, groundwater monitoring, and corrective-action systems.
SCDHEC approved and issued the Part B permit in September 1987. As agreed with
SCDHEC, a five-year renewal of the Permit was submitted by SRS as the "1992 RCRA
Part B Permit Renewal Application (U)" in 1991 (WSRC, 1991a).

The SRS voluntarily implemented groundwater remediation in February 1983 through
operation of experimental "pump and treat” systems. A full-scale groundwater remediation
system, called the M-1 System, was constructed around the HWMF in April 1985 (du
Pont, 1987). The system comprises eleven recovery wells and an air stripper. The M-1
System treats groundwater at a rate of 500 gpm, removing approximately 99.99% of the
dissolved solvents.

Groundwater contamination near the SRS northern border is outside the influence of the
M-1 System recovery well network. To address the solvent plume at the northern border, a
recovery well and small-scale air stripper, called the A-1 System, were constructed near the
SRTC. A-1 System operation began in early 1992. Additional recovery wells and air
strippers are planned for the SRTC area to encompass the SRTC solvent plume.

Several groups (the U.S. Environmental Protection Agency (EPA), the National Academy
of Science, and the U.S. Department of Energy (DOE)) have recently completed studies
evaluating the effectiveness of groundwater pumping as a restoration technique. The
studies typically examine 10 to 20 specific case studies and recent modeling. In general,
these studies conclude that groundwater pumping is an effective tool for contaminant mass
reduction, plume containment, and accessing contaminated water for treatment.

Groundwater pump and treat systems may be capable of reducing contaminant
concentrations at highly contaminated sites by more than 90 percent. Nonetheless, the
studies conclude that this type of remediation is ineffective in restoring groundwater
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constituent concentrations to EPA drinking water, or health based standards, A major
limitation to the ultimate effectiveness of pump and treat is the slow mass transfer resulting
from slow dissolution associated with non-aqueous phase liquid (NAPL). The studies
recommend that a recognition of the limitations of pump and treat be incorporated into the
development of clean-up criteria and in defining best available technologies.

Overall, these studies indicate that groundwater pumping can play an important role in an
overall groundwater remediation system. For example, groundwater pumping technology
can be implemented rapidly to initiate mass removal and plume containment. This action
can be followed by further characterization and additional remediation technologies as
needed to meet the required clean-up goals. Just such a phased approach was implemented
at SRS after A/M-Area groundwater contamination was identified in July of 1981.

Pilot scale groundwater pump and treat at SRS began in 1983 and a full scale pump and
treat system was in place in 1985. In the operating permit from the SCDHEC, SRS
committed to (1) identification and remediation 6f all sources of chlorinated solvent to the
groundwater in A/M-Areas, (2) periodic evaluation of the performance of the remediation
System, and (3) development and evaluation of new technologies to improve system
performance. SRS has actively addressed all of these items. Several research studies have
been performed to demonstrate the applicability of new techniologies to enhance remediation
efforts. Full scale testing of soil vapor extraction (SVE), a process to remove solvents near
old sources before they enter the groundwater, was completed in 1987, Several SVE
Systems are currently being designed for installation in A/M-Area. A new process, in situ
air stripping by simultaneously removing contaminants from the groundwater and
unsaturated zone using horizontal gas injection and vapor extraction wells, was developed
and tested by researchers at SRS. An in situ bioremediation test using the horizontal well
technology is underway. This full scale field test is to evaluate the potential of stimulating
the natural microorganisms in the ground to degrade the contaminants to harmless by-
products. Finally, as discussed herein, a program to characterize the nature and extent of
DNAPL contamination and potential remedial system modifications to address this portion
of the subsurface contamination was initiated in 1991,
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2.2.3

2.2.4

Corrective Action Pe

Since full-scale startup in September 1985, the HWMF M-1 System has removed over
260,000 1bs of solvents from over 1.4 billion gallons of groundwater. The A-1 System
near the SRTC has removed approximately 164 Ibs of solvents from 12 million gallons of
groundwater near the northern SRS boundary since start-up in March 1992,

DNAPL Indicati

Monitoring well MSB-3D was installed in September 1990. The well is located adjacent to
the northwest side of the closed Settling Basin (Figure 2.2.3). Monitoring well MSB-3D
is constructed of 4-inch diameter polyvinyl chloride (PVC) casing, with 19.5 ft of slotted,
PVC screen from 128.0 to 147.5 ft below land surface (bls). Total well depth is 1504 fi
bls, with total borehole depth 153.0 ft bls. The MSB-3D well bottom is located near the
top of a locally continuous hydrologic confining unit (the "green clay").

Monitoring well MSB-3D replaced the dry point-of-compliance well MSB-3A.
Groundwater levels have declined as much as 20 ft in the HWMF vicinity since the M-1
System start-up in 1985 (WSRC, 1991b). The older monitoring well (MSB-3A) had
yielded groundwater with TCE and PCE concentrations of 30 and 400 mg/L, respectively
(WSRC, 1991b).

On January 29, 1991, monitoring well MSB-3D groundwater was sampled for the first
time. The groundwater sampling team detected a strong solvent odor while sampling, and
observed a small amount of separate phase residue in the bottom of a filtering apparatus.
Groundwater analyses reported on February 5, 1991, indicated PCE and TCE
concentrations of 170 and 78 mg/L, respectively, within the groundwater sample (D.E.
Gordon to H.L. Mathis, March 15, 1991) .

Monitoring well MSB-3D was resampled on February 14, 1991 to collect separate-phase
liquid and to obtain additional groundwater samples for a Priority Pollutant Scan. After
groundwater samples were collected usin g standard protocol, the groundwater was slowly
pumped into an overflowing 5 gallon glass container to allow any dense phase to collect in
the container bottom. A visible dense phase was then sampled. Laboratory analytical
results indicate PCE and TCE concentrations of 560 and 160 mg/L, respectively, for the
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groundwater sample. Analysis of the separate phase indicated high concentrations of PCE
(20%) and TCE (0.5%) (WSRC, 1991b).

On February 28, 1991, SRS verbally informed SCDHEC of the presence of a possible
separate phase of material encountered while sampling monitor well MSB-3D. On April 5,
1991, DNAPL was confirmed in the monitor well via sampling with a small-diameter
bailer. Laboratory analytical results indicate the DNAPL consisted primarily of PCE
(WSRC, 1991b).

SRS described its path forward for assessing the extent of M-Area DNAPL in a letter to
SCDHEC dated April 26, 1991 (D.E. Gordon to H.L. Mathis) . The letter indicated that a
review of the SRS monitoring well data base had identified M-Area monitoring wells with
groundwater PCE concentrations above an initial screening criteria of 20 ppm. This value
was selected as a conservative estimate of potential DNAPL in the groundwater (20 ppm is
approximately 10% of the solubility of the lowest solubility constituent, PCE).

The identified wells were scheduled for the following assessment activities;

. remove all pumps and associated equipment

. lower an interface probe to the bottom of each well to detect fluid density changes
(i.e. water to DNAPL)

. lower a bottom-filling teflon bailer to the base of each well to secure fluid from the
well sump

. perform caliper surveys to assess the condition of well casings and screens (PVC

may deform when in contact with elevated volatile Organic constituent
concentrations)

. develop geologic cross-sections from recently acquired drilling data. The detailed
Cross-sections may suggest possible locations for potential separate-phase liquids

On May 8 and 9, 1991, following removal of pumps and associated sampling equipment, a
Clear, bottom-filling bailer was lowered to the bottom of each of the specified M-Area
monitoring wells. Tested wells included: MSB-3A, MSB-9B, MSB-9C, RWM-10, MSB-
11C, MSB-11F, RWM-1, MSB-10C, RWM-6, MSB-31C, MSB-24A, and MSB-27A
(Figure 2.2.4). DNAPL was not observed in groundwater recovered by bailer from any of
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the wells. The bailed water was contained and subsequently disposed in the M-1 System
by methods approved for A/M-Area purged groundwater disposal.

A bottom filling bailer was lowered to the bottom of monitoring well MSB-3D on
September 24, 1991 to collect a DNAPL sample for RCRA Appendix IX analyses.
Approximately 1.8 L of DNAPL were recovered (WSRC, 1991b). A schedule of
significant DNAPL-related activities dating from monitoring well installation in 1979 is
presented in Table 2.2.2.

10
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1 RHLOMETER

CONTOUR INTERVAL 10 FEET
DOTTED LINES REPRESENT 5 FOOT CONMTQURS

Figure 2.2.1 A/M-Area Potential Solvent Release Locations (From Marine and
Bledsoe 1984; See Text Section 2.2.1 for Discussion of Symbols)
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Table 2.2.1. Estimated Quantity of Degreaser Solvent Released to M-Area

Process Sewers (103 pounds)
Estimated Estimated
Total Release to Release to
Solvent Used Settling Basin A-014 Qutfall
TCE 3,700 317 383
PCE 8,700 1,800 1,000
1,1,1-
Trichloroethane 670 19 12

15



ASSESSING DNAPL CONTAMINATION WSRC-RP-92-1302
A/M AREA, SRS: PHASE 1 RESULTS (U) DECEMBER 1992

Table 2.2.2  Chronology of M-Area DNAPL-Related Activities

November 1979

June 1981

February 1983 to
1985

July 1985

September 1987

1988 to 1991

1987 1o present

January 29, 1991

February 5, 1991

February 14, 1991

February 28, 1991

April 26, 1991

M-Area Settling Basin monitoring well installation began,
Chlorinated solvents identified.

Pilot air stripper began operating. Full scale remedial
program in-place by April 1985.

M-Area Settling Basin use discontinued.

Post-Closure Care Permit issued.

M-Area Settling Basin Cl;sum under RCRA,

Soil vacuum extraction process tested. Integrated
Demonstration program developed for soils and groundwater

remediation technologies.

Separate phase liquid collected from groundwater sample -
monitoring well MSB-3D. -

Laboratory analyses indicate high levels of PCE and TCE in
separate phase sample collected from MSB-3D on January
29, 1991.

Monitoring well MSB-3D groundwater resampled. Elevated PCE
and TCE concentrations confirmed.

SRS informed SCDHEC of possible separate phase liquid.

SRS described path forward for assessing DNAPL extent.

16
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May 8 and 9, 1991

September 24, 1991

October 1991

December 1991
March -

April 1992
September 1992

February 1992

Table 2.2.2 (Continued)
Twelve M-Area wells tested for DNAPL with bottom-filling
bailer. DNAPL not observed.

DNAPL sample obtained by bailer from MSB-3D (1.8L
recovered).

SRS summarizes DNAPL investigation history and path
forward in "Assessing DNAPL Contamination, A/M-Area,
SRS" (WSRC-RP-91-915).

Monitoring well MSB-22 groundwater and DNAPL
sampled. Analyses indicate elevated PCE and TCE concentrations,

Geophysical survey of nine M-Area wells..

Cone penetrometer testing at selected M-Area locations,

Monitoring wells MSB-22 and MSB-3D groundwater and
DNAPL sampled. Analyses indicate elevated PCE and T

concentrations.
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A/M-Area Geology And Hydrogeology

Geology

The subsurface geology underlying SRS includes crystalline basement rock overlain by
approximately 900 feet of Cretaceous and younger Coastal Plain sediments. Wells near
A/M-Area indicate basement rock occurs at an elevation of about 400 ft below mean sea
level (msl), approximately 750 ft bls. The coastal plain sediments were laid down and
reworked as the result of a periodic process of sea level rise and fall. During periods of
high sea level, sands and clays were deposited. During periods of low sea level, the
sediments were exposed and eroded. The result is an interbedded sequence of sands and
clays. The sedimentary units thin westward, toward the Fall Line.

The Coastal Plain stratigraphic units, from oldest to youngest, are the Cape Fear
Formation, the Lumbee Group, the Black Mingo Group, the Orangeburg Group, the
Barnwell Group, and the Upland Unit (Figure 2.3.1). Known A/M-Area DNAPL occurs
only in the upper geologic units, above a clay unit, (the "green clay") comprised of the
Warley Hill and Caw Caw Members of the Santee Limestone. Only the upper geologic
units are discussed in this section (in ascending order). A detailed description of the A/M-
Area geology is provided in WSRC (1992).

The Orangeburg Group (Middie Eocene} is subdivided into the Congaree/Fishburne,
Warley Hill, and Santee Limestone Formations. The Congaree Formation is composed of
tan, moderately to well sorted, fine to coarse quartz sands with thin clay laminae
throughout. The Congaree and the underlying Fishburne Formation are similar in lithology
(i.e., well sorted, clean, coarse-grained sands, indicative of shallow marine deposition) and
will be characterized together. The "Congaree/Fishburne” is approximately 60 ft thick in
A/M-Area.

The Warley Hill Formation rests directly above the sand of the “Congaree/Fishburne”. The
Warley Hill Formation in A/M-Area is mostly orange and yellow, fine to coarse, poorly to
well sorted quartz sand interbedded with discontinuous clay beds. Pebbles and clay clasts
are common in places, and muscovite is fairly common, In M-Area borehole MSB-40, a
section of micritic, shelly limestone was encountered within the Warley Hill interval. This
is the only carbonate lithologgl.r encountered in A/M-Area.

18
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The Santee Limestone is subdivided into the Caw Caw and the McBean Members. At
SRS, the Santee Limestone varies in lithology from carbonates and caicareous quartz sands
to quartz and glauconitic sands and clays. Although not present over most of A/M-Area,
the Caw Caw Member may be present as a thin clay above the Warley Hill sediments (asin
borehole MSB-40). "Warley Hill/Caw Caw" sediment type and fossils indicate deposition
in shallow marine and bay or lagoonal environments. The Warley Hill and Caw Caw
sediments are often referred to as the “green clay" over most of the SRS; however, these
thin silty clays, overlying the "Congaree/Fishburne" interval, are often tan or grayish tan.
The "green clay” is considered a confining unit which limits downward DNAPL migration.

The McBean Member of the Santee Limestone is composed of tan, fine to coarse, poorly to
well sorted sands and interbedded green, yellow to brown clays up to eight feet thick. The
Formation thickness ranges from 30 to 45 £ in A/M-Area.

The Barnwell Group (Late Eocene) is subdivided into the Clinchfield, Dry Branch, and
Tobacco Road Formations. The Clinchfield Formation is present at some locations, but it
is not continuous enough to be correlated across the SRS. The Dry Branch Formation is
similar in lithology to the Santee Formation (McBean Member) with tan, green, yellow,
and brown clays which occur in Places at various stratigraphic levels within the formation.
The Dry Branch Formation is cleaner (less clay content) than the underlying McBean
Member sands, or the overlying Tobacco Road Formation sediments. The Dry Branch
Formation varies in thickness from not present to 110 feet in A/M-Area borings. The sand
of the Dry Branch Formation probably accumulated in a shallow marine environment,

The Tobacco Road Formation consists of orange, red, brown, yellow, tan, and purple fine
to coarse, poorly to well sorted sands. Pebbly layers are common, especially near the
base. Clay clasts are fairly common, and clay layers up to four feet thick have been
encountered in some borings. The formation outcrops at the surface at many locations
throughout the SRS. The Tobacco Road Formation was probably deposited in a shallow
marine environment,

The Upland Unit (previously mapped at SRS as the Hawthorn Formation) in A/M-Area is

composed of yellow, orange, purple, red, brown, and tan, fine to very coarse, poorly
sorted, clayey, silty quartz sands. Weathered feldspar grains are abundant in some
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locations. Clay lenses interbedded with these sands are up to 50 ft thick. Thickness varies
from not present to approximately 60 feet. The "Upland Unit" sediments were probably
deposited in high energy fluvial channels, point bars, floodplains, and abandoned channels
(WSRC, 1992),

2.3.2 Hydrogeology

A multilayer hydrologic system exists in the Coastal Plain sediments at the SRS. Confining
units within the system are interspersed with more transmissive units. Aadland and
Bledsoe (1990) have developed a hydrostratigraphic nomenclature system (Figure 2.3.2)
for SRS. Within this nomenclature, the basement complex underlying the Coastal Plain
deposits is referred to as the Piedmont Hydrogeologic System. This system is overlain by
two aquifer systems of Coastal Plain deposits, the Dublin-Midville Aquifer System, and the
Floridan Aquifer System. Figure 2.3.3 is a graphic illustration of the hydrogeologic
nomenclature for the SRS region. Discussion here is limited to the uppermost aquifers,
which are the only known aquifers directly affected by DNAPL. The reader is referred to
(WSRC, 1992) for the most recent description of SRS hydrogeology.

The Floridan Aquifer System (II) is divided into the Gordon Aquifer and the Upper Three
Runs Aquifer by the Gordon Confining Unit. "Congaree/Fourmile" sands comprise the
Gordon Aquifer, and sands of the Santee Limestone and Tobacco Road Formation
comprise the Upper Three Runs Aquifer. "Warley Hill/Caw Caw" clays (including the
"green clay") comprise the Gordon Confining Unit. Northwest of Upper Three Runs
Creek, as in the A/M-Area, the individual confining beds separating the -two Aquifer
Systems become thin and discontinuous. Figure 2.3.4 is a hydrostratigraphic chart for
A/M-Area. In this area of SRS, the two Aquifer Systems combine to form the single,
larger Floridan-Midville Aquifer System. This is due to the thin and sporadic character of
the clay and silty clay beds correlative with the Meyers Branch Confining System and the
Allendale Confining Unit.

In A/M-Area, the Floridan-Midville Aquifer System is divided into three aguifer units from
base upwards: McQueen Branch Aquifer, the Crouch Branch Aquifer, and the Steed Pond
Aquifer, separated by the McQueen Branch Confining Unit and the Crouch Branch
Confining Unit. In A/M-Area, the Gordon Aquifer and the Upper Three Runs Aquifer are
in hydraulic communication due to the thin, and intermittent character of the intervening

20



ASSESSING DNAPL CONTAMINATION - WSRC-RP-92-1302
A/M AREA, SRS: PHASE 1 RESULTS (U) DECEMBER 1992

clay beds. The aquifers coalesce in the A/M-Area to form the single aquifer unit, Steed
Pond Aquifer. The Steed Pond Aquifer is divided into the "Lost Lake" aquifer zone and
the "M-Area" aquifer zone by the "green clay" confining zone. These are equivalent to the
Gordon Aquifer, the Upper Three Runs Aquifer, and the Gordon Confining Unit,
respectively. The water table is located in the "M-Area" aquifer zone (WSRC, 1992).
DNAPL has been observed only in the "M-Area" aquifer zone, which is described below.

Within the Steed Pond Aquifer and overlying the "Lost Lake" aquifer zone is the "green
clay” confining zone. The confining zone separates the "Lost Lake" aquifer zone from the
overlying "M-Area" aquifer zone. North of the A/M-Area, where the confining zone thins
and becomes absent, the "Lost Lake" aquifer zone and the "M-Area" aquifer zone coalesce
into the Steed Pond Aquifer. The thickness of the "green clay" confining zone ranges from
2 feet to 28 feet. The thickness of the confinin g zone may include sand layers. Vertical
hydraulic gradients across the confining zone vary from 0.145 t0 0.511 ft/ft in a downward
direction. A model derived vertical hydraulic conductivity is 0.0098 ft/day. Using an
estimated effective porosity of 0.1 (WSRC, 1992),’ a vertical seepage velocity of the "green
clay” confining zone is calculated to be 0.050 fi/day (18.3 fifyr) to 0.014 ft/day (5.21
ft/yr).

The "M-Area" aquifer zone is the uppermost aquifer zone within the Steed Pond Aquifer.
This aquifer zone is a water table aquifer unit that is laterally discontinuous to the north due
to the pinching out of the “green clay” confining zone. Where the confining zone is absent,
the "M-Area" aquifer zone coalesces with permeable sediments in the northern portion of
the A/M-Area, forming the water table portion of the Steed Pond Aquifer. Where present,
the "M-Area" aquifer zone ranges in thickness from 37 to 180 feet. The horizontal
hydraulic gradient for the aquifer zone averages 0.005 ft/ft and the vertical hydraulic
gradient averages 0.28 fi/ft. Model derived horizontal and vertical hydraulic conductivities
of 9.0 ft/day and 0.0061 fi/day, respectively, and vertical and horizontal seepage velocities
of 0.009 fv/day (3.3 fi/yr) and 0.225 fiday (82.13 fi/yr), respectively, were determined for
the "M-Area" aquifer zone (Papadopulos, 1986). 1
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Figure 2.3.1
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Figure 2.3.1  Stratigraphic'Column for the SRS (From WSRC-TR-92-3155)
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2.4

Case 1

DNAPL. Behavior

DNAPL movement through subsurface sediments can be described in terms of three stages.
The first stage is initial entry into a new region of sediments, during which DNAPL
establishes the paths through which it will flow in subsequent stages. During the second
stage, DNAPL flows into the subsurface through the paths it established in the first stage.
In response to fluctuations in the source, DNAPL may retreat from or establish new flow
paths. The last stage, occurring after the source is cut off, is the formation of a residual
saturation and/or relatively stable saturated zones of DNAPL. As discussed below, there
are important differences in the behavior of DNAPLs above and below the water table.
Subsurface DNAPL migration is discussed below, with special emphasis on specific
conditions in the SRS A/M-Area. A more detailed DNAPL migration discussion is
presented in Appendix A.

In an open subsurface system, immiscible fluids will distribute themselves within
intergranular pore-spaces (fractures in crystalline systems) and along solid surfaces. The
distribution is controlled by factors such as interfacial tension and relative affinity for the
surfaces. We consider two cases below, first, the simpler case of DNAPL below the water
table, and second, DNAPL moving through the vadose zone above the water table. The
second case is of particular interest in A/M-Area because the relatively thick (100 to 140 ft)
interbedded vadose zone controls DNAPL migration to groundwater. Site characterization
data suggest there is substantial residual DNAPL in the vadose zone (WSRC, 1991c).
Developing a clear conceptual model of all parts of the DNAPL plume is critical in defining
future characterization needs and appropriate remediations to augment the pump and treat
system.

- DNAPL Below the Water Table
When two fluids are present, such as when DNAPL is ptresent below the water table, the
behavior of the separate liquid phases in geologic media is more complicated than water

alone or water with dissolved substances. The distinct phases interact and mutually restrict
mobility.
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One of the factors controlling migration is interfacial tension. This force exists at the
interface between immiscible fluids. Interfacial tension results from the attraction of

Another factor controlling migration is the wetting phase. One of the fluids, termed the
wetting fluid, will adhere to solid surfaces more strongly than the other fluid. The
interaction of the fluids with the solid are quantified through the contact angle, 0, which the

fluid-fluid interface makes with the solid surface as illustrated in Figure 2.4.1. By
convention, the contact angle is measured through the bulk phase. Below the water table,

to physically penetrate the opening. The capillary pressure at the opening can be expressed
as an equivalent height of DNAPL, approximately;

Hd = (28cos8)/(Apge)

where Hd is the equivalent pool height (m), § is the interfacial tension between the DNAPL
and water (N/m), 9 is the contact angle between the DNAPL and the surface through the
water, Ap is the density difference between the DNAPL and the water (kg/m3), g is
gravity, and ¢ is the aperture of the opening (m) (Bear, 1972). Thuys, Stage one migration
below the water table will be primarily through larger pores (i.e., the DNAPL, will initially
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The second stage of DNAPL movement can be understood using the concepts presented
above. Fluctuations in the pressure and/or gravitational head at the source will affect the
rate at which DNAPL flows through a region established during stage one. These
fluctuations will also effect the capillary pressure at the leading edge of the DNAPL. This
in turn can modify where the DNAPL flows within the zone. However, layers of fine
sediments such as silts and clays, where large changes in properties occur, will remain
barriers to DNAPL penetration,

The third stage in DNAPL movement begins when the source is cut off. The DNAPL
continues to flow at lower rates as the source head declines. At the DNAPL trailin g edge,
capillary pressure decreases sharply. Groundwater moves back into the narrow pore
throats, cutting off and trapping blobs of DNAPL. Since the blobs are no longer
connected, they cannot flow. A residual saturation of the DNAPL is established. At the
bounding sand-clay interfaces, DNAPL will pool into depressions, becoming stagnant as
the source is depleted. DNAPL residual saturation and "pools"” will slowly dissolve into
passing groundwater, creating a dissolved contaminant plume,

Case 2 - DNAPL Above the Water Table

In the vadose zone, where three fluids (water, air, and DNAPL) are present, the behavior
and forces controlling migration are markedly different. The wetting relationships for
water and DNAPL versus the bulk phase (air) will govern the capillary pressures and
modify the DNAPI, pore-entry pressures. Since DNAPL, rather than air, is the wetting
phase in the vadose zone, DNAPL can enter fine pores (clays and silts) in the vadose zone
that cannot be entered below the water table. This process, during stages I and 2, will
compete with relatively rapid drainage due to gravity through the larger pores and
preferential flow paths. In areas where the DNAPL source is moderate and/or intermittent,
a thick vadose zone will trap the applied DNAPL in fine grained sediments before it reaches
the groundwater. Migration of the trapped DNAPL to the groundwater is then limited to
vapor movement and diffusion and dissolution into infiltrating rainwater and advection of
the dissolved contaminant. This scenario is consistent with the characterization data along
the M-Area process sewer line, which indicate that a large quantity of DNAPL is trapped in
clay lenses above the water table (Eddyctal, 1991, M-Area Vadose Zone Program). A
cross-section clearly showing this process is presented in Appendix A.
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If the DNAPL source is sufficiently large, both fine-grained trapping and bulk flow to the
water table will take place. The DNAPL front will initially reach the water table through
gravity drainage. If the source is cut off, trapped DNAPL will enter the groundwater by
vapor transport and rainwater infiltration as described above. Additionally, gravitational
drainage can continue for extended periods of time after the DNAPL source is stopped.
Thus, at sites with high volume periodic releases, DNAPL flux to the water table will be
buffered. Flow paths are developed as a result of the high driving forces subsequent to
discharge, and longer term drainage can continue the flux between discharges. DNAPL
entry into the water table in A/M-Area, given the relatively thick interbedded vadose zone,
is most likely at the highest-volume DNAPL release areas - the Settling Basin and the A-
014 Outfall. These are the locations where the highest groundwater concentrations are
observed. Both locations have monitoring wells which have yielded groundwater samples
with reported solvent concentrations at > 10% solvent solubility. Such concentrations are
often considered to indicate the potential presence of DNAPL.,

7
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Phase 1 DNAPL Assessment Activities

The October 1991 report, "Assessing DNAPL Contamination A/M-Area, SRS (U)"
(WSRC, 1991b), described three methods for subsurface DNAPL investigation;
water/hydrocarbon interface probe observation, geophysical logging, and cone
penetrometer testing. The rationale for each method follows:

Interface Probe/Bottom-F illing Bailer

A standard water/hydrocarbon interface probe is a self-contained prism system designed to
detect changes in light refraction due to changing ambient liquids. The probe is lowered
into a well by way of a combination measuring tape/electrical connection to the probe
power source. Upon detecting a refraction change (air/water, air/hydrocarbon,
water/hydrocarbon) a signal indicating water or hydrocarbon is emitted. Depth to water
and/or hydrocarbon is measured by reading the measuring tape. DNAPL thickness in the
well is calculated by subtracting depth to the DNAPL/water interface from well depth.
Interface probe investigations are easily verified by lowering a bottom-filling bailer into the
well to collect samples of the water/hydrocarbon. Water/hydrocarbon interface probes may
be used for either lighter- or heavier-than-water hydrocarbon investigations.

Geophysical Logging

Geophysical logs included caliper, natural gamma, and gamma-gamma density, Previous
laboratory studies at SRS showed that PVC well casing in the presence of pure TCE is
softened and deformed. TCE in solution however, even at saturation, did not cause
deformation in these laboratory studies. Caliper logs were run to determine if PVC casing
or screen deformation has occurred as a result of contact with layers of pure chlorinated
solvent. Natural gamma logs were run in order to use previously collected stratigraphic
information for control. Gamma-gamma density logs were run to identify differences in
sediment bulk density which may result from the presence of a denser-than-water liquid in
sediment pore spaces,

The various logs were selected to help identify the location of DNAPL in the A/M-Area and

provide useful information for the next assessment phase. Combining data from various
logging methods is an established tool for hydrocarbon exploration. This is the first
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3.0

3.1

known downhole geophysical application for DNAPL investigation. The innovative use of
geophysical methods is consistent with utilizing existing wells/non-intrusive assessment
techniques to avoid spreading DNAPL.

Cone Penetrometer Direct-Push Technology

Cone penetrometer testing (CPT) is an innovative, direct-push technology. This
geotechnical method uses a hydraulic system to push a friction/pressure sensing tool into
the subsurface. Real-time information is collected, analyzed, and printed. Geotechnical
parameters such as sleeve resistance, tip pressure, pore pressure, and electrical resistivity
are measured. CPT methods may also be used to obtain soil, soil-vapor and groundwater
samples.

CPT offers a number of advantages compared to traditional drilling methods. For example,
discrete sampling depths provide minimally disturbed samples representative of target
horizons, and continuous subsurface inforrnation is retrieved in real-time. For
investigations in areas with DNAPL, important push-technology advantages include:
elimination of drill cuttings and fluids requiring disposal, and miniral (small diameter)
borehole invasion with immediate borehole grouting during tool withdrawal - reducing the
potential for vertical constituent migration during or resulting from investigation activities
(WSRC, 1992),

Phase 1 assessment activities were designed to further define DNAPL occurrence in M-
Area through non-invasive (or relatively non-invasive) techniques. Phase 1 assessment
results are described in the following section.

PHASE 1 DNAPL ASSESSMENT RESULTS

Introduction

Two sets of M-Area monitoring wells were identified for testing during the Phase 1
characterization activities. The first set, tested for the presence of DNAPL and selectively

sampled for laboratory analysis, includes those A/M-Area wells with the highest
chlorinated- solvent concentrations. These wells, located near the known high volume
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3.2

3.2.1

release areas, monitor areas below the water table with the highest probability of DNAPL
occurrence. The second set of wells, generally monitoring less contaminated deeper zones,
was selected for use in the geophysical-logging portion of the work. In addition to these
tests, monitoring of several cone penetrometer holes was performed to support the Phase 1
DNAPL characterization. The rationale and results for the various tests performed on the
two sets of wells, and the cone penetrometer findings are described below.

Well Survey and Sampling Results

Well Selection and Rasionale for T

Groundwater samples from selected wells near the highest volume volatile organic
compound (VOC) disposal areas (the Settling Basin and the A-014 Outfall) have yielded
consistently high concentrations over the past ten years. In some cases, these
concentrations have approached solubility limits. Such data suggest that DNAPLs have
reached the water table in these areas. A set of"’monitoring wells with the highest VOC
concentrations was selected for a sequence of physical and chemical measurements. The
various measurements on these "suspect DNAPL wells" were intended to provide specific
evidence regarding DNAPL occurrence below the water table in A/M-Area. Monitoring
wells with concentrations above 20 ppm for any VOC were selected for this portion of the
Phase I characterization. This concentration level is approximately 10% solubility of the
lowest solubility constituent, PCE. Additionally, a screen against effective solubility was
performed. All wells identified by the effective solubility screen had previously been
identified by the 20 ppm screen. The resulting list of wells, those wells most likely to be
located in/near DNAPL below the water table, were all located near known high volume
VOC sources such as the Settling Basin and the A-014 Outfall, Twenty-four wells were
selected during the screening process: MSB-2C, MSB-3A, MSB-3D, MSB-9B, MSB-9C,
MSB-10C, MSB-11C, MSB-1 1F, MSB-15D, MSB-22, MSB-23, MSB-23B, MSB-24A,
MSB-27A, MSB-31B, MSB-31C, MSB-34B, MSB-40B, MSB-41D, RWM-1, RWM-2,
RWM-3, RWM-6, AND RWM-10 (Table 3.2.1). Monitoring well locations are depicted
in Figure 3.2.1.

The planned sampling sequence for the wells was as follows: pumps were to be removed

from the wells, and a standard hydrocarbon interface probe lowered to each well-bottom in
an effort to identify depth to the potential DNAPL/groundwater interface and to estimate
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DNAPL layer thickness. Then, a clear teflon bailer was lowered to the well bottoms for
liquid sample recovery. If no separate phase liquid was observed in the bailer, the sample
was retained in a plastic container and transferred to a purged-liquid containment truck. If
separate phase liquids were observed, the sample was placed in a glass bottle for laboratory
analysis.

A hydrocarbon interface probe survey of monitoring wells MSB-34B, MSB-3D, and
MSB-22 was performed on December 18, 1991. The hydrocarbon probe intermittently
indicated liquid hydrocarbon in monitoring well MSB-3D. Determination of the
hydrocarbon layer thickness was not possible because the insoument response was not
regular and reproducible. For monitoring wells MSB-34B and MSB-22, the interface
probe survey was followed by sampling with a teflon bailer to verify the interface probe
results. A dense, separate-phase liquid was observed in the bailed sample removed from
monitoring well MSB-22, although the interface probe had not indicated liquid
hydrocarbon. A dense, separate phase sample and a sample of the overlying water
obtained from monitoring well MSB-22 on December 18, 1991 was submitted for
laboratory analysis. A later set of bailed samples was collected (in February 1992) from
MSB-3D and MSB-22; these samples were also submitted for analysis. Analytical results
are discussed in the following section.

The initial interface probe survey experience suggests that this technique requires
refinement before reliably serving as a DNAPL indicator under field conditions such as
those in A/M-Area. On several occasions, the probe passed through a dense
phase/groundwater interface (as determined by bailer) without indicating the interface. A
letter report summarizing the interface probe survey is included in Appendix B.1. Based
on the interface probe performance, the interface probe was not used to investigate the
remainder of the suspect wells. These wells were bailed with a clear teflon bailer and the
presence of a densc phase was determined by observation. As shown in Table 3.2.1, none
of the sampled wells, except MSB-3D and MSB-22, contained a visible separate phase,
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3.2.3  Chemical Analyses of Sump Samples

Chemical analyses performed on monitoring well sump samples were intended to provide
specific evidence regarding the occurrence of DNAPL below the water table in A/M-Area,
As discussed above, scparate phase was identified in two well sumps, MSB-3D and MSB-
22. The separate phases collected from these two wells were sampled and analyzed
multiple times to allow testing of various hypotheses for DNAPL occurrence. The
observed changes in the volume and composition of the dense phase collected from the two
Sumps at separate times are specifically related to possible DNAPL behavior scenarios as
discussed below. Both the dense phase and the overlying water were analyzed to allow
testing of the concept of effective solubility under field conditions and to allow evaluation
of more soluble compornents in the sump. Dissolved inorganic constituent concentrations
were also analyzed because of the Settling Basin operational history (intermittent release of
caustic and acid solutions). Finally, the unknown gas chromatograph peaks from both
phases (at various dilutions) were examined for evidence of plasticizers or other indicators
of PVC breakdown. "

Several chemical analyses of bailer samples are available for the two wells with an
identified dense, separate phase. The sump of well MSB-3D has been sampled by bailer
three times. Two of these samples preceded the Phase 1 characterization activities. An
initial sampling (04/05/91) provided the first unequivocal evidence of DNAPL below the
water table in A/M-Area. A large volume of DNAPL was readily collected from the sump
in the bailer during this sampling. The dense phase was analyzed for VOCs by SRS and
SCDHEC. A second bailer sample from the sump of MSB-3D was collected for RCRA
Appendix IX analyses on September 18, 1991. A dense phase was observed during this
sampling. However, compared to the initial sampling, the dense phase quantity in the
sump was significantly less and the layer was not as distinct in its character (e.g., less
colored). Results of these samples were reported previously (WSRC, 1991b). Key SRS
monitoring well MSB-3D analytical data from these early samples are reported below:

Dae trichiorethylene fetrachloroethylene
04/05/91 60,200 ppm 948,000 ppm
0971891 < 25,000 ppm 125,000 ppm
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The third sump sample from MSB-3D was collected on February 5, 1992, during the
Phase 1 characterization. No observable separate phase was identified in the field during
this sampling. A small volume of dense phase separated in the sample bottle in the
laboratory. This was analyzed as a separate phase. As discussed below, several additional
constituents were measured in the separate phase sample. Additionally, a sample of the
overlying water was analyzed to assist in interpreting the data. Two well bottom samples
were collected from monitoring well MSB-22 (on 12/19/91 and 02/05/92), both containing
a visible dense phase. Both of these samples were collected during the Phase ]
characterization and the dense phase and overlying water were analyzed as described
below.

The dense phase and overlying water were characterized for organic compounds by gas
chromatography-mass spectrometry (GC-MS), using EPA SW-846 Method 8620A.
Separation was performed on a 30 mm x 0.53 mm capillary column with a 3 pm film
thickness. A glass jet separator was installed inline prior to the the inlet of the mass
spectrometer. A special data reporting protocol was developed to satisfy the specific
requirements of the DNAPL characterization project. Due to the high concentrations,
extensive dilution was performed for quantitation of the major components. Less dilution
Wwas necessary to quantify minor components. Extensive manual review of the data was
performed in an attempt to identify unknown constituents. Several bulk parameters and
inorganic analyses were performed. Specific conductivity and pH were measured on the
overlying aqueous phase (electrachemistry), weight-percent solids was measured on the
dense phase (gravimetric), metals were measured in both phases by inductively-coupled
plasma emission-mass spectrometry (ICP-MS), and anions were measured on the aqueous
phase (ion chromatography). Key results for the Phase 1 characterization sump analyses
are presented in Table 3.2.2. Laboratory analytical data are presented in Appendices B.2
and B.3. A summary of the results, the interpretation of the time sequence of dense phase
compositions, and rationale for the inorganic analyses are discussed below.

The December 1991 well bottom sample from monitoring well MSB-22 contained two
phases. The major organic constituents in the aqueous phase were PCE (173,000 pg/L)
and TCE (97,000 pg/L). The major organic constituents in the dense phase (which
included sediment) were PCE (1,200,000 Hg/kg) and TCE (240,000 pug/kg). The aqueous
phase contained a variety of minor organic components. None of these were identified as
clear indicators of PVC degradation. The inorganic data in the aqueous phase indicated a
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relatively high pH and conductivity. All of the analytical results for this sampling are
included in Appendix B.2.

The well bottom samples collected in February 1992 from monitoring wells MSB-22 and
MSB-3D indicate chlorinated solvents were the major aqueous phase organic constituents.
Aqueous phase PCE and TCE concentrations in well MSB-22 were 130,000 pg/L and
47,000 pg/L, respectively, Aqueous phase PCE and TCE concentrations in well MSB-3D
were 206,000 png/L and 54,000 ng/L, respectively. The major dense phase organic
constituents were also PCE and TCE. Dense phase PCE and TCE concentrations in well
MSB-22 were 8,200,000 Kg/kg and 540,000 pg/kg, respectively. Dense phase PCE and
TCE concentrations in well MSB-3D were 18,000,000 pg/kg and 350,000 ng/kg,
respectively. The laboratory analytical data are included in Appendix B.3.

The observed changes in the volume and composition of the dense phase collected from the
WO sumps at separate times are specifically related to possible DNAPL behavior scenarios.
Three possible scenarios for the occurrence of DNAPL below the water table are shown in
Figure 3.2.2. In the first scenario, the DNAPL flux to the water table zone is relatively
high and a thick DNAPL filled zone forms below the water table at the top of the first
confining zone, In the two subsequent scenarios, the DNAPL layer on the aquitard is
cither relatively thin, or the DNAPL flux to the water table was sufficiently slow or periodic
that the DNAPL below the water table is present as relatively disconnected ganglia. The
composition and quantity of dense phases in the sumps of M-Area wells installed in suspect
zones are controlled by the second occurrence scenario.

In the first case, the thick DNAPL filled zone outside the well will slowly fill the sump of
the well (this would occur by pressure equalization through the leaky riveted well sump
bottom typical of monitoring wells). Given sufficient time, the DNAPL level in the sump
would be approximately equal to the level outside the well. If DNAPL is present as shown
in the second or third scenario, the collection of substantial dense phase in a well
sump/bottom requires a dynamic flow into the well, such as that-caused by sampling. The
accumulation of dense ganglia in the well sump as the well is actively purged and sampled
is similar to the accumulation of sediments in the sump. In these scenarios, DNAPL flows
into or is drawn into the well where it dynamically collects by gravity in the well bottom.
Qver extended time, the DNAPL would leak out of the well sump.
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Note that well MSB-22 deviates somewhat from the typical well design, with a slotted PVC
screen all the way to the well bottom. This well would interact similarly, but more rapidly,
with the formation than a typical well such as MSB-3D. Thus, the composition of the
sump samples from wells MSB-3D and MSB-22 at different times can provide significant
insight into the nature of DNAPL occurrence below the water table at this site.

The compositions of the dense phase samples are listed in Table 3.2.3 and shown
graphically on Figures 3.2.3 and 3.2.4. As shown on these figures, the composition of the
NAPL varied significantly. Following periods of active well pumping (MSB-3D, April
1991), the dense phase was almost entirely composed of immiscible organics (> 75% ).
All other sump samples contained much lower levels of immiscible organics (typically <
10%) with a relatively large percentage water and the remainder composed of sediments
typical of well sumps. Thus, while all of these samples were far above saturation and an
immiscible dense phase was clearly identifiable, the composition at the various times
supports the dynamic sampling hypothesis. Also, the observed total quantity of dense
phase was greater in the initial MSB-3D sampling, consistent with the dynamic hypothesis.
These data suggest that DNAPL below the water table at this site is somewhat diffuse or
present as relatively thin DNAPL filled zones.

Development of remediation technologies need to account for this type of distribution. For
example, the ability to directly access and pump a DNAPL layer may be limited. Finally,
the analyses may help explain the poor performance of the hydrocarbon interface probe
under the field conditions encountered in A/M-Area. Except for the initial sample from
MSB-3D, the dense phases in these sumps, typically, 80% to 90% water, would provide a
relatively weak signal on this type of instrument. Since well MSB-22 is screened to the
bottom of the well (with no sump) the possibility that the observed water rich dense phase
may be present in the formation should be examined in future DNAPL characterization
phases.

The sump samples from these wells provide a unique opportunity to test the concept of
effective solubility that has been proposed for immiscible organics in aqueous systems.
According to this hypothesis, the effective solubility of any component depends on both its
theoretical solubility and its abundance in the immiscible phase. The effective solubility
results in dissolved concentrations immediately adjacent to source areas usually being less
than literature solubility values. Effective solubility is an analogy to Raoult's Law. The
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basis of the simplification is that closely related hydrophobic organic compounds, such as
chlorinated solvents, do not act independently in solution. In other words, the water phase
has a limited capacity to dissolve these constituents - the presence of multiple compounds
limits the dissolution of each component. As a simplification, the reduction in solubility is
assumed to be approximately proportional to the mole fraction of the component in the
immiscible mixture,

Si,e = (Xi)(S))

where: S ¢ = the effective solubility of the ith component in the immiscible phase
Xj = the mole fraction of the ith component in the immiscible phase
Sj = the theoretical solubility of the ith component

This relationship, Raoult's Law, was originally developed for ideal gases based on the
fixed relationships between mole fraction, pressure, temperature and volume. The
application to hydrophobic compounds in water systems implies that an aqueous phase has
a limited total capacity to dissolve this type of material. The calculated effective solubilities
and actual measured concentration in the overlying water from the sump samples collected
from MSB-3D and MSB-22 are shown in Table 3.2.3. The ratio of the measured
concentration to the calculated effective solubility ranged from 0.4 to 2.1. The average of
all of the ratios was 1.13, These data generally support the effective solubility paradigm
and suggest that the compositional data provided by the analytical laboratory was of high

Quality.

The Settling Basin was primarily intended to limit the spread/impact of inorganic
contaminants. The primary waste stream to the basin was a high pH, high conductivity
solution containing various metal hydroxide precipitates. As a result, the Settling Basin
was permanently stratified. The epilimnion contained relatively clean water (non-contact
cooling water, rainwater, etc.). Below this was a chemocline within a hypolimnion
containing a high density fluid (high pH, high sodium, high solids, etc.). During periods
when relatively clean water entered the basin, the water would simply flow through the
upper layer and exit the basin through the overflow. The dense aqueous solutions would
"underflow", or sink into the hypolimnion and be trapped forcing infiltration of the
dissolved constituents. Similarly, when the degreasing bottom liquids were periodically
released to the basins, the DNAPL would also underflow and be forced to infiltrate,

39



ASSESSING DNAPL CONTAMINATION. WSRC-RP-92-1302
A/M AREA, SRS: PHASE 1 RESULTS (U) DECEMBER 1992

3.24

3.25

Measurement of the components of the two dense phases (the miscible dense aqueous
phase and the immiscible DNAPL phase) below the water table may ultimately assist in
delineating mechanisms of migration. The data suggest that the dense aqueous phase
material has influenced the sump samples. For example, the water overlying the dense
phase in monitoring well MSB-22 had an elevated specific conductance (196 pmho/cm)
and an elevated pH (10.33) (Appendix B.2). Additional sampling and further evaluation of
inorganic data associated with the dense aqueous phase may be justified. Laboratory data
from the Phase 1 characterization sump samples are presented in Appendices B.2 and B.3.

High-Resolution, Video S

A survey of A/M-Area monitoring well MSB-3D was performed on June 16, 1992, The
survey consisted of lowering a high-resolution video camera equipped with a mirror (to
provide a view orthogonal to the well axis) into the well. The objective was to attempt to
identify and describe DNAPL occurrence. The casing, screen, and sump appeared to be
undeformed. No obvious DNAPL accumulation was observed in the well sump. Droplets
of apparent separate-phase liquid were observed within the well casing. These blobs
appeared to be a different color (more red), and appeared to be more viscous than the
surrounding groundwater.

S ¢ Results of Phase 1 Tests in High C fon Well

The interface probe was of limited usefulness in identifying the dense phases in the well
sumps. A scparate phase was identified in only two well sumps, MSB-3D and MSB-22.
Both of these identifications were made based on direct observation of the bottom filling
bailer during, and prior to, Phase 1 characterization activities. The dense phases collected
from these two wells were sampled and analyzed at different times to allow testing of
various hypotheses for DNAPL occurrence. The observed changes in the volume and
composition of the dense phase collected from the two sumps at separate times are
specifically related to possible DNAPL behavior scenarios. Finally, a high resolution video
camera survey to provide detailed examination of the fluids within and the casing condition
of well MSB-3D was performed.

The data suggest that DNAPL has reached the water table only at the highest released-
volume source areas: the Settling Basin and the A-014 Qutfall. The relatively thick vadose
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zone beneath A/M-Area tends to limit the downward flux of DNAPL and capture some
DNAPL in layered clays. As expected, the highest released-volume sources are locations
where DNAPL disposal exceeded the capacity of the vadose zone to moderate the flux of
the pure phase to the water table. The clearest evidence of DNAPL below the water table
was found at the Settling Basin, where a separate phase was identified in the sumps of two
wells. The data collected at separate times suggest that the DNAPL below the water table is
occurring as relatively diffuse ganglia and/or a thin layer on the top of aquitards and that
DNAPL collects in the sump of the well as the result of dynamic processes. One such
process is the accumulation of dense ganglia in the well sump as the well is actively purged
and sampled (similar to the accumulation of sediments in the sump).

The high resolution video survey indicated that the MSB-3D well casing and screen are free
from significant deformation or surface degradation. Additionally, "viscous" droplets were
identified within the well bore. These observations provide further support for the diffuse
nature of the DNAPL described above.
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Figure 323 Composition of Dense Phase in MSB-3D Sump Samples Collected at
Different Times
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Figure 3.2.4 Composition of Dense Phase in MSB-22 Sump Samples Collected at
Different Times
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Table 3.2.1. Interface Probe / Bailer Observation Results

WELL DATE DENSE PHASE
MSB-2C NA

MSB-3A 05/08/91 No !
MSB-3D 12/18/91 Yes 2
MSB-9B 05/08/91 No
MSB-9C 05/08/91 No
MSB-90C 05/09/91 No
MSB-11C 05/08/91 No
MSB-11F 05/08/91 No
MSB-15D NA

MSB-22 12/18/91 Yes
MSB-23 NA

MSB-23B NA

MSB-24A 05/09/91 " No 3
MSB-27A 05/09/91 No
MSB-31B 12/18/91 No
MSB-31C 05/09/91 No
MSB-34B 12/18/91 No
MSB-40B 12/18/91 No
MSB-41D 12/18/91 No
RWM-1 05/08/91 No
RWM-2 NA

RWM-3 NA

RWM-6 05/09/91 No
RWM-10 05/08/91 No

NA = Not sampled, pump not pulled.

1= Well dry

2 = Intermittent signal on interface probe. No clearly visible dense phase in bailer sample
(collected 02/05/92). Thin dense phase layer separated in lab sample. Initial bailer sample
(04/05/91) contained thick DNAPL layer.

3 = Rust color in water.
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Table 3.2.2. Key Phase 1 Analytical Results for Sump Samples (Aqueous Phase)

Monitoring Well Date Sampled TCE (ug/l) PCE (ug/1.)
MSB-221 12/18/91 97,000 173,000
MSB-222 3/6/92 47,000 130,000
MSB-3D2 3/6/92 54,000 206,000

1 Young, J.E. 10 B.B. Looney and R.L. Nichols (March 3, 1992)
2 Young, J.E. to B.B. Looney and R.L. Nichols (QOctober 19, 1992)
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Table 3.2.3. Evaluation of the Composition of Dense Phase Samples

Dense Phase Composition - Weight percents

MSB 3D M3B 3D M5B 3D MSE 22 MSB 22
Apr-g1 Sep-91 Mar-§2 Dec-81 Mar-92

PCE $4_800 12.500 0.120 0._820 1.8c0 weight I PCE

TCE 6.000 1.250 0.024 0.054 0.035 weight I TCE
Water 0.000* 76.250 89._400 92.000 95_900 weight I water
Sediment 0.000~ 10.000* 10,500 7.100 2.300 weight I sediment
Densitys={" 1.59] 1.13] 1.07 1.05 1.02]

Dense Phase Composition - Volume parcentsvw

PCE 93.459 5.650 0.051 0.344 0.734 volume I PCE

TCE €.482 0.967 0.018 0,029 0.024 volume X TCE
Hater 0.000 86.163 95.658 96.600 97.818 volume I water
Sediment 0.000 4,520 4,494 2.982 0,938, | volume 1 sediment

Mole fractions of immiscible organics ion dense phasew*

X pce 0.799 0.920 0.976 mole fraction PCE
X tce 0.201 0.080 0.024 mole fraction TCE

Effective Solubilities Caleulated from Mole Fractions (units are ppm in saturated water )

PCE 118900 138000 146400 effective solubility PCE
ICE 221100 88000 26300 effective solubility TCE

Measured Concentrations in Overlying Water in contact with dense phase {ppm)

PCE 173000 130000 206000 measured PCE
TCE 97660 470Q0 54000 measure TCE

Ratio of Measured Concentration to Effective Solubility A

* = estimated

** = calculated from weight percent data
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3.3

3.3.1

Geophysical Logging
Ratonale and Results

Geophysical logging of nine M-Area groundwater monitoring wells was performed in
March 1992. The logging activities were conducted as part of the ongoing assessment of
subsurface DNAPL in the Settling Basin vicinity. Monitoring wells logged included:
MSB-3B, MSB-3D, MSB-9A, MSB-10A, MSB-11A, MSB-15A, MSB-22, MSB-31A,
and MSB-43A (Figure 3.3.1). These wells were selected because they were installed
through suspect DNAPL zones, or were wells in which a dense phase was collected. Well
MSB-43A was a control well located away from DNAPL sources. Logs were run inside of
all these existing wells. Use of existing wells in this way provides inexpensive DNAPL
characterization data without further invasive techniques into the subsurface. The wells are
constructed of nominal 4-inch-diameter PVC casing and screen. Well construction details
are included in Table 3.4.1. Details regarding the geophysical logging investigation from
the field data report are included in Appendix C. '

Geophysical logs included caliper, natural gamma, and gamma-gamma density. Previous
laboratory studies at SRS showed that PVC well casing in the presence of pure TCE
softens and deforms. Caliper logs were run to determine if PVC casing or screen
deformation has occurred as a result of contact with layers of pure chlorinated solvent.
Natural gamma logs were run in order to use previously collected stratigraphic information
for control. Gamma-gamma density logs were run to identify differences in sediment bulk
density which may result from the presence of a denser-than-water liquid in sediment pore
spaces.

The United States Geological Survey (southeast region) provided the logging unit,
operator, and all associated tools. Inside casing diameters were verified with a Comprobe
Model 2100, three-arm caliper. Maximum caliper-arm extension was 6.75 inches with an
initial two-inch diameter. Natural gamma radiation was recorded with a Comprobe Model
2120. This probe is outfitted with a sodium iodide crystal which detects naturally
occurring gamma radiation in subsurface sediments outside the well. Formation density
Wwas measured with a Comprobe Model 2152, dual-compensated Density Tool. This probe
is a contact tool consisting of a gamma-ray emitting radioactive source and a receiver unit.
No unusual-occurrences or difficulties are reported for logging activities. All of the

49



ASSESSING DNAPL CONTAMINATION . WSRC-RP-92-1302
A/M AREA, SRS: PHASE 1 RESULTS (U) DECEMBER 1992

geophysical logs were digitized and the three logs for each hole scaled and plotted side by
side for comparison. A sketch of a typical M-Area monitoring well is shown in Figure
3.3.2, and the various logs for all wells are shown in Figures 3.3.3 through 3.3.11.

Figure 3.3.2 depicts typical A/M-Area monitoring well construction relative to a nominal
caliper log. The typical well consists of a 4-inch-diameter, Schedule 40 PVC sump, a
wire-wrapped PVC screen (> 4-inch-diameter) and a 4-inch-diameter, flush-threaded PVC
casing to surface. Centralizers are installed periodically on the well casing exterior to center
the well casing in the borehole. After the borehole is drilled, the casing with screen is
lowered in the hole and secured at the surface. A sand pack is placed around the screen
zone, followed by a layer of bentonite. The bentonite layer prevents cement grout
infiltration of the sand pack. The bentonite is allowed to hydrate, and an initial grout seal is
installed. After this seal cures, the well annulus is grouted to surface.

The nominal caliper log in Figure 3.3.2 reflects these well materials and installation
activities. The well diameter is approximately 4 inches in the sump, followed by a wider
screen, and a 4-inch diameter casing for the first grout lift. The curing heat and inward
force of the grout result in a slight widening of the well bore from the top of the first lift to
the surface. This pattern is seen in most of the caliper logs collected during the Phase 1
characterization. Deviations from this pattern are often attributable to deviations from the
typical installation materials or sequence, as documented in drilling records. A few of the
caliper deviations are consistent with potential DNAPL suspect zones and warrant further
study. The various logs from each well are discussed below.

The logs from monitoring well MSB-3B, a recently installed well near well MSB-3D, do
not indicate a DNAPL layer (Figure 3.3.3). The caliper log is nominal with the sump (220
ft bls), screen (217 ft bls to 213 ft bls), and sandpack/first grout lift (up to 198 ft bls)
signals, all located as described in the well drilling records. The casing from 198 ft bls to
land surface increases in diameter approximately 0.07 inch. No undulations or
deformations associated with clay layers are indicated By gamma and density logs (c.g., 65
ft bls, 100 ft bls, 150 ft bls, etc.). No anomalous dense layers were observed on the
density log. Note that this well was recently installed. The grout seal may provide
protection to the well and/or the well may not have been in place long enough to have been
impacted by DNAPL. However, this well is immediately adjacent to well MSB-3D, where
1.8 liters of DNAPL were collected from the sump. The lack of any discernible signal on
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this scale (0.01 inch) argues against the presence of a thick zone of DNAPL filled pores in
this area.

Despite collection of DNAPL from its sump, the logs from monitoring well MSB-3D do
not indicate a measurable DNAPL layer (Figure 3.3.4). The caliper log is nominal with the
sump (150 ft bls to 148 fi bls), screen (148 ft bls to 128 ft bls), and sandpack/first grout lift
(up to 102 fi bls) signals, all located as described in the well drilling records. The casing
from 102 ft bls to the surface increases in diameter approximately 0.01 inch. No
undulations or deformations associated with clay layers are indicated by the gamma and
density logs. Note that the 10 ft long, wire-wrapped PVC screen sections used on this
water table well were slightly larger diameter than the 5 ft long screen used on well MSB-
3B. The logging tool was not able to gather sufficient data deep in the sump to determine if
deformation has occurred in this part of the well.

The logs from monitoring well MSB-9A, an older well adjacent to the Settling Basin,
indicate a caliper deviation associated with clays below the water table, as discussed below
(Figure 3.3.5). The rest of the caliper log is nominal with the sump, screen, and
sandpack/first grout lift signals, all located as described in the well drilling records. The
casing from 190 ft bls to the surface increases in diameter approximately 0.04 inch. A
clearly observable casing undulation is visible between 148 ft bls and 143 fi bls. As
indicated by the gamma and density logs, this is directly above a clay. This clay (at
approximately 200 ft msl) is the "green clay" confining zone and is a likely location for
DNAPL occurrence. Note that this well is older than well MSB-3B. The casing
deformation is relatively small and may have occurred over an extended period of time.
Since any casing deformation is permanent, conclusions about the current statys of the
subsurface require additional data,

The logs from monitoring wells MSB-10A and MSB-11A indicate caliper anomalies
attributable to older well construction materials and practices, and possible exposure to
DNAPL (Figures 3.3.6 and 3.3.7). Monitoring wells MSB-10A and MSB-11A are
constructed with four-inch diameter, slotted PVC screens rather than wire-wrapped screen.
The screen diameter increase is, therefore, not present on the caliper log. The casing in
monitoring well MSB-10A increases in diameter approximately (.02 inch, from 200 ft bls
to land surface. The monitoring well MSB-11A casing increases in diameter approximately
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0.05 inch, from 200 ft bls to land surface. Significant undulations in the casing of well
MSB-10A are seen within two intervals: 178 ft bls to 167 ft bls, and 125 ft bls to 88 fi bls,

As discussed below, the observed undulations may be characteristic of older well casing
variations. Alternatively, the undulations occur in areas that are rich in clays (as shown by
the gamma and density logs). For example, the zone between 125 ft bls and 95 ft bls is
one of the most contaminated zones identified durin g various vadose zone characterization
studies performed in A/M-Area. A similar