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SECTION 1

INTRODUCTION

1.1 INTRODUCTION

This Feasibility Study and Corrective Action Plan (CAP) is being submitted in
accordance with Section III.D.5 of the Hazardous Waste Facility Permit (Part
B Permit) for the Bon L Manufacturing Company, Inc. (Bon L). This CAP is
submitted as an application for a Permit Renewal pursuant to 40 CFR
§270.14. The permit was issued for post-closure care of four hazardous
waste management units (HWMUs): the AIOH Land Treatment Unit, the
Chromium Hydroxide (CrOH) Landfill, the Surface Impoundment, and the
CrOH Sand Drying Beds. The CAP outlines the steps required to meet the
clean-up objectives for corrective action of groundwater stated in 40 CFR
§264.100(a) using acceptable engineering methods. The CAP addresses the
releases from the HWMUs as well as those solid waste management units
(SWMUs) known to have contributed to the two volatile organic compound
(VOC) plumes that are otherwise regulated in Section IV.A of the Part B
Permit. Although the primary plume of VOC contamination was generated
from a degreasing operation (SWMU-49) that existed in the 1950s, this CAP
contains steps for the remediation of concerns associated with both of the
VOC plumes and both of the chromium plumes. By combining corrective
action for the SWMUs that have contributed to the VOC plume and the
HWMUs, a more comprehensive, integrated, effective, and efficient
treatment scheme has been developed.

In addition to the Part B Permit, Bon L has submitted the following three
documents to EPD which are relevant to understanding this CAP:

1. Part B Permit Application, 1992 (including all referenced documents
and data),

2. Bedrock Groundwater Investigation Report, 1992, and

3. Stage I PCE/TCE Source Area Investigation, 1993.

This document is divided into five sections, which are as follows:

1. Section 1, Introduction, which provides some brief background
information, states the objectives, and outlines the scope of this plan;

2. Section 2, Summary of Monitoring Well Construction, which provides a
description of the regional geology and hydrogeology and the local
geology and hydrogeology for the site (Most of this information has
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been presented in the Part B Permit Application; however, additional
information gained from the Bedrock Groundwater Investigation is also
included);

3. Section 3, Aquifer and Well Testing, which describes the aquifer testing
at the site and summarizes the hydrogeologic parameters measured at
the site;

4, Section 4, Groundwater Modeling and Drawdown Analysis, which
describes the two groundwater models used at the site; and

5. Section 5, Corrective Action, which discusses various remediation
alternatives and describes the proposed treatment systems, the
operations and maintenance procedures, the monitoring criteria, the
remediation plan, the termination criteria, the schedule for
implementation, and the financial assurance requirements.

1.2 PROJECT BACKGROUND

Bon L, a subsidiary of Tredegar Industries, Inc., produces aluminum
extrusions for use in residential and commercial construction materials,
vehicle manufacturing, and recreational products. The Bon L facility is
located in Newnan, Georgia, at 25 Bonnell Street. Plant operations at the
facility include a trucking terminal and maintenance area, technical support
services, and plant administration. The operations at the site are more fully
described in Section B of the Part B Permit Application.

Groundwater monitoring has been conducted at the facility since September
1989. Volatile organic compounds (VOCs) were detected in the groundwater
samples collected in January 1990. In 1989 and early 1990, chromium was
also detected above the maximum contaminant level (MCL) of 50
micrograms per liter (ug/1) at monitoring wells 2S and 4S.

Monitoring wells 2S and 2D were damaged and removed in 1990 during the
partial closure activities related to the former CrOH sand drying beds. New
monitoring wells (2SR and 2DR) were installed as replacement monitoring
wells in November 1990. As a result of closure of the CrOH sand drying
beds, groundwater samples collected to date from these two wells have
shown dramatic reductions in chromium. A more thorough discussion of
groundwater sampling associated with chromium is included in Section E of
the Part B Permit Application.

The primary VOCs detected in groundwater include tetrachloroethene (PCE)
and trichloroethene (TCE). Because these compounds are spent solvents
presumably from a former degreasing operation, they are classified as an
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FOO1 hazardous waste. Bon L began to investigate the source, extent, and
impact of these releases of hazardous constituents in groundwater upon
receipt of the certified laboratory reports in late February 1990. All of the
certified analytical reports that were received as of June 1992 are also
included in the Permit Application. Any reports relevant to the CAP received
after June 1992 are included in Appendix A of this report.

1.3 OBIJECTIVES

In order to comply with Section III.D.5 of the Part B Permit and because Bon
L considers it prudent to protect the environment, Bon L is proposing the
corrective actions included in this CAP. The CAP is designed to meet the
following goals:

1. to protect human health and the environment,

2. to comply with standards for management of wastes and contaminated
media,

3. to achieve media clean-up standards,

4. to remediate the contamination in the groundwater and the source(s)
of release to the environment, and

5. to prevent hazardous constituents from exceeding their respective
concentration limits at the compliance point by removing the
hazardous constituents or treating them in place.

Important considerations in developing this program included a) establishing
a remediation and monitoring methodology that would have as a goal
definite termination criteria, and b) using the best available technology in an
economically feasible manner. As discussed in Section 5, due to the nature
of the PCE and TCE and the variability in saprolite hydrogeologic properties,
meeting all of the above objectives is difficult.

Site investigations to date have shown three areas of VOC groundwater
contamination:

e a small plume of toluene, ethylbenzene, xylenes, and
trimethylbenzene (BTEX) on a hillside where a former tank farm was
located,

e a plume of PCE and TCE extending from the plant building in a
southwesterly direction across West Washington Street to the creek,
and

e a smaller VOC plume near the southwest portion of the Surface
Impoundment, which was considered to be commingled with the FO19
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sludge present in the surface impoundment. This plume has been
remediated and no longer exits.

The relatively small release of BTEX has been contained and is being
addressed through the use of the groundwater collection and treatment
system described in Section 5.

Groundwater monitoring has shown that the two VOC plumes are contained
by hydrogeological barriers formed by Mineral Springs Branch. Results from
the Bedrock Groundwater Investigation also show that the low levels of PCE
and TCE detected in BR-3 are contained by this same stream. Because this
area is served by a public water supply, groundwater in the vicinity of the
site is never expected to be used for domestic or commercial purposes.

In 1993, a small chromium groundwater contamination plume centered
around monitoring well 2SR and a small chromium groundwater
contamination plume centered around monitoring well 4S extending to West
Washington Street also existed at the site.

The two small chromium plumes were limited in extent because chromium is
adsorbed to the clay and silt present in the saprolite. Groundwater
monitoring since 1998 indicates that the plumes are below detection limit
and are no longer present.

1.4 Scope of the Project

The corrective action program mandated by Section III.D.5 of the Part B
Permit, and more fully described in Section 5, consists of the following:

1. Sources of PCE/TCE contamination will be remediated.

2. Thirteen groundwater recovery wells will serve as extraction points.
Seven wells were installed in accordance with the original CAP. Six
additional recovery wells were installed in late 1997 and brought
online in early 1998. The locations for all recovery wells are shown in
Figure 1.

3. An existing spring containment system and low point collector system
will be used to collect contaminated groundwater at the Hillside Area.

4, Two groundwater treatment systems will be used to treat the
groundwater to below the Groundwater Protections Standards for
metals and VOCs. One groundwater treatment system will consist of
sock filters for sediment removal and two carbon adsorption canisters
for VOC removal to treat groundwater extracted from RW-1, the
Hillside Spring Containment System, and the Low-Point Collector
System. The other groundwater treatment system will consist of sock
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filters for sediment removal and two carbon adsorption canisters to
treat groundwater extracted from wells RW-2 through RW-13.

5. The effluent from the groundwater treatment units will discharge into
the Mountain Springs Branch through an existing NPDES permitted
outfall.

6. Groundwater monitoring will be conducted at all recovery wells,
compliance point wells for the surface impoundment unit/CrOH sand
drying beds HWMU and the CrOH landfill unit, and additional wells
needed to track the plume.

7. Extraction of contaminated groundwater will continue at all the
recovery wells until the groundwater at the compliance point meets
the groundwater protection standard.

1.5 SUMMARY OF MONITORING WELL CONSTRUCTION
1.51 Description of Monitoring Well System

All Type II monitoring wells at Bon L have been used for collecting
groundwater samples. In addition to the Type II wells, four temporary wells
and five additional direct-push probes have been used for collecting
groundwater samples to accurately determine the extent of organic
compounds in groundwater. Five deep bedrock wells (BR-1 through BR-3,
BR-5, and BR-6) were also installed to determine the vertical extent of VOC
contamination and test and calculate hydraulic characteristics of the bedrock
aquifer.

SECTION 2

HYDROGEOLOGIC SETTING AND EXTENT OF PLUMES

2.1 REGIONAL GEOLOGY

The Bon L site lies in the Piedmont physiographic province of Georgia, which
is an igneous and metamorphic geologic terrain. Rocks of the Piedmont are
collectively termed bedrock. Over most of the Piedmont, weathering of the
parent bedrock has produced an upper veneer of semi-consolidated, sandy,
and clayey soils known as saprolite. Residual soil (saprolite) thicknesses
vary, ranging from a few feet to as much as 100 feet, depending on the
resistance of the original rock type and a number of other factors. Remnant
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geologic structure (small layering and foliation) within the parent bedrock is
often retained within the saprolite.

Regional geologic maps (McConnell and Abrams, 1984) indicate the bedrock
of this region lies within the undifferentiated Clarkston Formation. The state
geologic map describes this unit as a sillimanite schist. Biotite gneiss,
muscovite schist, and amphibolite are also noted in the vicinity of the site.

The Bon L site is approximately 12 miles southeast of the Brevard Fault Zone
on the upfaulted, hanging wall side of the thrust fault. The relationship to
the fault is important because major fold axes, topolinears, and primary
fracture orientation tend to be parallel to or orthogonal to the northeasterly
trend of the fault zone.

2.2 SITE GEOLOGY

The primary rock types observed at the site, both in wells, outcrop, and as
scattered rock float in soils, are sillimanite schist, biotite-quartz schist, and
gneiss of various mineral compositions. Different rock types and their
associated geometry occur in a complex pattern over the site. The rocks, or
their weathered saprolitic remnants, appear to occur in bands with
dimensions ranging from a few inches to several hundred feet in width. With
such variability, and with exposures limited to creek banks and split spoon
samples (which are difficult to describe in terms of mineral compositions),
the exact distribution of rock types cannot be determined accurately.
Pegmatites and/or compositional interlayers containing relatively large
crystals or grains of muscovite, quartz, and feldspar occur sporadically
throughout the area. Veins or compositional layers of quartzite are also
present at this site in minor amounts.

Structural measurements were taken at the Bon L site to determine the
primary orientation of the rock units in the subsurface because the patterns
of rock layering and foliation can affect groundwater flow. The attitude
(orientation) of a rock is determined by its strike, which is the direction of a
horizontal line placed on a rock layering, and its dip, which is the angle and
direction the layering descends vertically into the subsurface. The two
measurements define a plane that can be oriented on any horizontal or
vertical axis.

In the southwest area of the site, just south of West Washington Street, rock
attitudes have a due north-south strike with a dip of 60 degrees east. This
measurement was taken in the stream bank between wells 0S-3 and OS-5.
In the northwest area of the property, near the railroad spur, rock foliation
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attitudes are N12W with a dip of 56 degrees east. Four structural attitudes
were taken near the southeast corner of the polishing pond in a saprolite
cut. These values of strike and dip are N13W, 45E; N502, 39E; N30W, 36E;
and N-S, 45E (Bedrock Groundwater Investigation Report, 1992). As an
approximation, the average rock attitude at Bon L is approximately N15W
strike, and 45 degree east dip. However, the overall structural trend at Bon
L is apparently part of a syncline or synclinorium that plunges to the
northeast. This broad structure is evident on a regional map of the area
(see Figure 2-1 from Cressler, et al., 1983). The predominant groundwater
flow direction, as verified by the computer model and contaminant plume
delineation, is at least partially controlled by the geologic strike at this site.

2.3 POROSITY AND PERMEABILITY

Several factors control subsurface aquifer characteristics, and hence the
ability of earth materials to store and convey groundwater. The most
significant factors are:

the depth of weathering,

the parent rock type,

the amount of formation contacts or interlayering contacts, and
the presence or absence of stress-induced fractures.

Groundwater at Bon L is primarily stored and transmitted in the soil and
deeply weathered saprolite layers because the underlying bedrock is
relatively impermeable compared to this zone. Unweathered crystalline
bedrock has a very low intergranular porosity and hence has little capability
to store water. However, geologic faulting and unburdening of the rocks can
create varying amounts of fractures and joints within the rocks. Such
secondary openings can provide a conduit for the transmission of
groundwater, although the productivity of individual wells is highly
dependent upon fracture concentration and the degree to which the
openings are interconnected.

Because of their more granular nature, the overlying residual saprolite and
soils of the weathered zone have porosities ranging from about 10 percent to
30 percent, as compared to average bedrock porosities of only .01 percent
to 1 percent (Heath, 1980). Therefore, the saprolite has a much higher
capacity to store water. In areas where the saprolite is also more permeable
than the underlying bedrock, as is the case at the Bon L site, the saprolite
layer will store and transmit the vast majority of water moving through the
groundwater flow system.
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The unsaturated zone and the uppermost aquifer at the site include both soil
profiles and deeply weathered saprolite. The shallow soil zone has
undergone considerable weathering, which produced a slightly sandy silt
overlain by a clayey silt material at the ground surface. This residuum is
expected to be relatively less permeable than the weathered saprolite. With
increasing saprolite depth, the amount of chemical weathering is less
pronounced and the material consists of a silty sand-sized media. This
effect is expected to increase both porosity and permeability as compared to
the original parent rock.

Porosity and permeability within the underlying bedrock is a function of the
amount of fracturing present as well as the amount of formation or
interlayer contacts present. Some layers, such as quartzite, undergo little
chemical weathering but are mechanically broken up into sandy layers. The
presence of these numerous discontinuous, compositionally contrasting
interlayers (e.g., 3” quartz layer, 12" gneiss layer, 8” pegmatite layer, 48"
schist layer) within the saprolite is expected to create preferred flow
directions in the subsurface oriented along the strike of the foliation. In the
lower saprolite, near bedrock, chemical weathering is less pronounced but
the effect of compositionally contrasting interlayers is still expected to be
apparent.

During the preparation of the Part B Permit Application, a series of in-situ
hydraulic conductivity tests (slug tests) were conducted at the Bon L site.
Based on this data, the geometric mean of hydraulic conductivity for the
residual saprolite (silty sands) is about 1.3 feet per day. Using the range of
measured hydraulic gradients and an estimated effective porosity for silty
sands of about 0.25 (Fetter, 1981), the estimated groundwater flow velocity
ranges from 50 to 150 feet/year (Part B Permit Application, 1992).

There is no discreet hydrogeologic barrier between the saprolite and bedrock
aquifer, so the two units are hydraulically interconnected. This is evidenced
by drawdown observed in saprolite wells during bedrock well development
and purging (EMCON, Bedrock Groundwater Investigation Report).

2.4 REGIONAL GROUNDWATER DESCRIPTION

This section discusses the surface and groundwater behavior on a regional
scale, and then more specifically at the Bon L site. Regional trends of
recharge and drainage play a major role in understanding groundwater flow
at the site.
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Groundwater in the Piedmont Province is present in the residual soils and
saprolite a few feet to tens of feet below the land surface, and in some areas
extends into the underlying crystalline rock. Groundwater usually occurs in
pore spaces in the residual soils and in fractures and weathered zones within
shallow rock. In deep, unweathered rock, the quantity of groundwater
available depends on the number of fractures and the degree to which they
are interconnected. Gneiss, schists, and amphibolites may have variable
openings and yield small to moderate quantities of water. Zones of greater
yield are often related to variations in lithology. Typically, water supply
wells in the Piedmont tap the upper 100-400 feet of bedrock and case off the
overlying structure.

The Newnan area currently obtains drinking water from two surface water
sources: White Oak Creek and Line Creek. Additional water is purchased
from the City of Atlanta. However, the City of Newnan used four public
water supply wells until 1973. These wells are presently inactive but have
not been abandoned. These wells, about 350 to 500 feet deep, were
installed into a bedrock (gneiss/schist) water-bearing unit and only vyield
between 75 and 100 gallons per minute each, which is a low flow rate for
municipal water supply wells. Groundwater from bedrock in the Newnan
area can potentially be used to supply drinking and irrigation water to some
area businesses and residences. Some of the public schools, private
residences, country clubs, churches, and private businesses in Newnan have
water supply wells on record with the Georgia Geologic Survey (Cressler, et
al., 1983). According to the water well inventory included in the Part B
Permit Application, over 64 private and commercial wells were on record in
the County as of 1983. With the exception of the four inactive Newnan
public water supply wells, it is not known how many of these wells are
currently active. The water supply wells on record within a one-mile radius
of the site are shown on Figure 2. Pertinent information (e.g., well depths,
coordinates, date installed, etc.) about the wells shown on Figure 2 is
provided in Table 1.

Groundwater recharge is from rainfall percolating downward through the
residual soils into the saprolite and/or bedrock aquifer. Groundwater then
begins its slow migration to area streams, springs, and rivers, which serve
as discharge points. Other than through minor pumping, discharge to these
streams and tributaries is the primary mechanism for draining the saprolite
groundwater system. Thus the characteristics of area surface water play a
definitive role in the flow patterns of groundwater.

Figure 3 illustrates the site’s location with reference to regional area
streams. These include a primary tributary to Mountain Creek about 3/4-
mile south of the site and a tributary to Little Wahoo Creek northeast of the

SECTION 1, INTRODUCTION FCAP1-8



site. The main stream immediately west of the polishing pond, Mineral
Springs Branch, flows into the southern tributary and then into Mountain
Creek. All surface water from the area eventually flows into the
Chattahoochee River about seven miles northwest of the site. The Newnan
Waterworks Lakes, south of Newnan, occur in a separate surface water
drainage basin and therefore cannot be affected by discharges from the Bon
L site.

As precipitation infiltrates into the ground, a mound in the water table occurs
in the intra-stream area between these major regional tributaries. In the
Bon L area, the mound should roughly trend, as shown on Figure 3,
southeast to northwest. Also, groundwater divides occur along the crest of
the water table mounds. These drainage divides separate both surface and
groundwater flow from one stream to another in the local area. The
suspected regional divides shown on Figure 3 define the individual
groundwater basin that includes the Bon L plant. These groundwater divides
form the basis of the regional computer model developed in this study.

2.5 SITE GROUNDWATER DESCRIPTION

The uppermost aquifer at the site extends from the groundwater surface
(water table) down to competent rock. “Competent rock” is defined here as
drill core yielding greater than 90 percent recovery (REC) and greater than
80 percent rock quality designation (RQD). Groundwater occurs at the site
under unconfined (free surface or water table) conditions at the site. The
water table occurs at depth ranging from about three to 25 feet below the
ground surface. Figure 4 illustrates the elevation of the water table in the
shallow saprolite aquifer at the site. In general, the “shallow” well data were
used to prepare this map; however, selected “deep” wells were also used
extensively as an indication of the water table elevation. Exhibit E-2.9 in
Section E of the Part B Permit Application presents a listing of all water level
data collected from monitoring wells at the site through June 1992.

In general, the direction of groundwater flow is southwest to the main creek
along the site/s western boundary. However, the on-site ponds, drainage
ditch, and area streams superimpose additional features onto the primary
hydraulic gradient. The two ponds, which create a mounding of the
groundwater, artificially impose a strong hydraulic head on the groundwater
in their immediate vicinity. To the south, water discharged from the ponds
and into the groundwater system quickly discharged to the on-site drainage
ditch. The closure of these ponds changed the water table and groundwater
flow slightly in their immediate vicinity. The on-site drainage ditch appears
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to receive groundwater along its entire length as evidenced by the “V-
shaped” water table patterns.

The observed horizontal hydraulic gradients in the groundwater range from
about 0.025 to 0.077 feet/feet (Part B Permit Application, 1992). Both
upward and downward vertical hydraulic gradients were observed in
groundwater elevations measured in the monitoring well clusters. A
downward hydraulic gradient was generally observed in well clusters located
adjacent to the settling pond and polishing pond indicating that these
recharge groundwater. Upward hydraulic gradients were observed in well
clusters located adjacent to creeks, which verifies that groundwater
discharges to local streams.

2.6 SUMMARY OF LABORATORY DATA

A large amount of groundwater quality data has been collected by Bon L
since September 1989 through the interim status monitoring program, a
delisting petition program, Regulated Unit Groundwater Quality Assessment,
and additional testing initiated by Bon L to determine the extent of possible
groundwater contamination from volatile organic compounds. Almost all of
the sampling and analysis at this site has been performed by Analytical
Services, Inc. (ASI) of Atlanta. The monitoring program protocol is well
documented in Section E of the Part B Permit Application. Sampling and
analysis protocol used for the groundwater assessments are described in
ASI’s Laboratory Quality Assurance Manual.

All of the sample analyses up to June 1992 are included in the Part B Permit
Application. For the sake of brevity, only analyses that are pertinent to the
CAP and were collected after June 1992 are included in Appendix A of this
document.

A more thorough discussion of groundwater testing in the saprolite is
included in the Part B Permit Application. Additional testing has been
performed 1) to determine the vertical extent of VOC contamination, and 2)
to comply with the facility monitoring requirements in the Part B Permit
since the application was submitted in September 1992.

EXTENT OF GROUNDWATER PLUMES
1 Extent of Chromium Plumes
1.1 Extent of Chromium Plume Near the Former CrOH Sand
Drying Beds

2.7
2.7.
2.7.
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A set of ten samples collected between October 1989 and February 1990
from monitoring well 2S contained chromium concentrations from below
detection limit (BDL) to 189 pg/1. The maximum concentrations detected in
monitoring well 2D for four sampling events during the same period ranged
from BDL to 18 pg/l. These results indicate there was groundwater
contamination in the upper part of the shallow aquifer adjacent to the former
CrOH sand drying bed unit. The source of this contamination has been
attributed to this unit.

More recent lab analyses for chromium in monitoring wells 2SR and 2DR
(replacement wells for 2S and 2D) have shown much lower concentrations.
Analytical results for chromium in monitoring well 2DR have essentially
remained at or below the detection limit. The last year of sampling results
for chromium (four events) have ranged from BDL to 12 pg/1, which is only
slightly above the detection Ilimit of 10 pg/1. Based on available
information, there is no mappable plume of chromium dissolved in
groundwater onsite.

2.7.1.2 Extent of Chromium Plume Near the CrOH Landfill

Representative samples from monitoring well 4S contained total chromium
concentrations ranging from BDL to 132 ug/1 during fifteen sampling events
performed from September 22, 1989 to September 15, 1991. Monitoring
well 5S is located downgradient from the CrOH landfill about 110 feet west
of monitoring well 4S and is screened at a depth similar to monitoring well
4S. Total chromium concentrations in monitoring well 5S have ranged from
BDL to 24 pg/1 for the sixteen samples collected in that same period.
Samples collected in January 1993 from monitoring wells 4S and 5S have
both been BDL (ASI, Report No. 39930). The CrOH landfill unit has been
attributed to be the suspected source of the elevated levels of chromium
observed in monitoring well 4S.

Monitoring wells 4S and 5S were closed in 1993. Chromium has not been
detected in groundwater samples from monitoring well 4SR, the replacement
well for 4S, since installation in May 1993.

The horizontal extent of this plume was delineated by monitoring wells 19S,
19D, and 5S. The vertical extent is defined by the top of monitoring well
4D. The approximate horizontal and vertical extent of this chromium plume
as of March 1993 is shown in Figures 5 and 6. At present, the absence of
chromium in well 4SR and 19S indicates there is no longer a plume of
chromium in groundwater onsite.

SECTION 1, INTRODUCTION FCAP1-11



2 Extent of PCE/TCE Plume
2.1 Primary Source of PCE/TCE Plume

Two primary VOCs, PCE and TCE, are observed in the groundwater. PCE is
observed in greater concentrations and with a broader spatial distribution
than TCE. PCE in the ug/1 range (generally equivalent to parts per billion) is
present in groundwater on-site. The primary source of PCE and TCE
detected in groundwater at Bon L were releases from a former degreasing
operation at the Bon L plant. Additional sources may include the surface
impoundment, the inactive oil/water separator (SWMU-23), and the waste
solvent tank (SWMU-7). These possible sources will be addressed during
closure of the surface impoundment unit and during the RCRA Facility
Investigation (RFI).

An area in the Main Plant Building near the former Number 2 Anodizing
operation was dedicated to degreasing. Interviews with plant personnel
reveal that the operation included the use of PCE, but not TCE, and operated
for two to three years between 1954 and 1957. TCE, however, is commonly
a PCE contaminant or a breakdown product of PCE. The former degreasing
operation served the function of removing buffing compound (clays,
aluminum oxide, and fat) from buffed aluminum prior to anodizing. Buffing
is @ mechanical process for polishing a metal, but includes the use of buffing
compound as a gentle abrasive.

Interviews with personnel indicate the degreasing was accomplished in a
steel tank located in a concrete sump. The tank had a small solvent sump in
the bottom that was heated to vaporize the cleaning solvent. Buffed
aluminum extrusions were lowered into the tank and exposed to the solvent
vapors. At the top of the tank were cooling coils that condensed the PCE
vapor, forming small droplets of PCE that fell off the metal and back into the
sump at the bottom of the pit.

The tank did not have a regular discharge, so it is assumed that spent
solvents were periodically cleaned manually and, in the process, spilled
inside the former degreasing area, mainly in the sump. This activity is
probably the source of the PCE in the groundwater. The spent solvent in the
sump probably has leaked slowly into the surrounding soils due to cracks in
the concrete. The PCE probably exists as residual dense non-aqueous phase
liquid (DNAPL), so direct contact with the pore water is fairly limited due to
the absence of rainwater percolation because the unit is housed within the
Main Plant Building.
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Due to its high Henry’s Constant, the spent solvent in the soil would
volatilize quickly. Because the spent solvent vapor is significantly heavier
than water vapor and has a tendency to diffuse, it probably contacted the
water table, then began to dissolve along the top of the groundwater table.
This transfer mechanism probably accounts for the low levels of PCE in
monitoring well 40D.

From this release, the contaminant plume has migrated about 2800 feet
southwesterly, generally following the course of the on-site drainage ditch.
However, near the polishing pond, the plume now deviates from the stream
course and follows groundwater flow toward the streams south and west of
the site.

Some preliminary calculations of vapor phase transport to the groundwater
indicate that approximately 0.6 pounds of PCE are transferred to the shallow
aquifer per year (Appendix B). This number correlates well with the total
mass of PCE in the groundwater. The point of this analysis was not to
calculate mass transfer rates, but to establish the former PCE Degreasing
Unit as the primary source of PCE at Bon L. This is also evident by
inspection of the groundwater plume map shown in Figure .

2.7.2.2 Extent of PCE/TCE Plume

Figure 7 showed the approximate extent of PCE within the shallow and deep
horizons of the saprolite aquifer in 1992. Figure showed the approximate
horizontal extent of TCE in the shallow and deep wells in 1992.

The vertical extent of the contaminant is considered to be the top of the
bedrock throughout most of the plume. In order to define the vertical extent
of the VOC contamination, five bedrock wells were installed along the length
of the two VOC plumes (BR-1 through BR-5) and one on the southwest side
of Mineral Springs Branch (BR-6). The analytical results of groundwater
samples collected in the bedrock from these wells indicated VOC levels below
the method detection limits (EPA Method 8260) at BR-1, BR-2, BR-4, BR-5,
and BR-6. Well BR-3 was drilled near the farthest known downgradient
extent of the PCE plume as observed in saprolite wells, in 1992, just
downgradient of the off-site wells 0S-3S and OS-3D. PCE was detected at
29 pg/1 in the upper bedrock zones between 37.5 and 63.0 feet below
ground surface (BGS). PCE was also detected at 19 ug/1 in groundwater
samples collected in the interval between 63 and 88 feet, and at 9 ug/1 in
the interval between 88 and 108 feet. PCE was not detected in groundwater
samples collected in the interval between 160 and 166 feet BGS. Therefore,
PCE contamination diminished with depth.
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The June 1992 saprolite groundwater sample results and the bedrock sample
results were used to determine the horizontal and vertical extent of PCE
contamination. In general, the depth of the PCE plume increases with
distance from the upgradient source area of the plume. No PCE was
detected in the bedrock (well BR-2) near the area of the suspected PCE
release. PCE occurs in the uppermost portions of the bedrock and partially
weathered rock (PWR) in the mid-sections of the plume (e.g., wells BR-1,
BR-4, and BR-5). PCE was detected at depths of up to 108 feet BGS near
the downgradient end of the plume (well BR-3). Mineral Springs Branch
appears to act as a groundwater boundary in both the saprolite and bedrock.
This is evidenced by sampling results from wells OS-5D and BR-6, which are
across Mineral Springs Branch relative to well BR-3.

As discussed further in Section 3, the hydraulic conductivity of the
underlying bedrock is at least an order of magnitude less than the overlying
PWR and saprolite. Also, head gradients between the saprolite and bedrock
have only slight differences in head potential (EMCON, Bedrock Groundwater
Investigation Report). Therefore, VOC migration into the bedrock has been
minimal as evidenced by the results of the bedrock drilling plan.

Differences in contaminant concentrations are observed between wells
screened across the water table (shallow) and those wells screened at the
top of bedrock (deep). Contamination is generally less widespread in the
shallow wells near the water table than in the deeper screened wells. In
some situations, only one well existed so this concentration value was used
for both the shallow and deep plume maps. The observed variations are
related to permeability differences in the subsurface, the distance from the
point source, selected removal by shallow streams, and flow along remnant
geologic strike as opposed to strictly following patterns suggested by the
groundwater gradient. Due to the extremely low concentrations present in
the groundwater, however, a significant density contrast does not exist
between fresh water and water containing the detected PCE. Therefore,
higher observed PCE concentrations with depth are likely the result of
groundwater flow patterns and dispersion rather than a “sinking plume.”

2.8 SURFACE WATER QUALITY

In July 1990, surface water and stream sediment samples were collected on-
site and in streams surrounding the plant property. A total of 21 surface
water samples were collected and analyzed for volatile organic compounds.
Table 2 summarizes the results of these analyses. Organics were only
detected in two general locations:
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1. at West Washington Street Branch, a tributary to Mineral Springs
Branch, and

2. at groundwater seeps and the on-site drainage ditch between the main
plant building and the waste water treatment pond.

West Washington Street Branch bisects the detected PCE plume between
monitoring wells pairs 0S-1 and 0S-3. Due to the relatively small drainage
area for this creek and the extremely dry conditions in July 1990,
groundwater discharge probably accounted for a major portion of the base
flow. PCE was detected in surface water sample in concentrations of 3 pg/1
to 7 yg/1. A sample was also collected from a small groundwater seep in
the stream bank. This also had detectable levels of PCE (3 pg/1). Although
these concentrations are very low and close to or below the drinking water
standard of 5 pg/1, these data support the conclusion that groundwater
discharges to streams in this area.

On October 20, 1992, additional surface water samples were collected on-
site and in streams surrounding the plant property. A total of ten surface
water samples were collected and analyzed for benzene, toluene, total
xylenes, trichloroethylene, and percholoroethylene. Table 2 summarizes the
results of these analyses. Of these samples, only the samples collected at
the seep near the storm sewer pipe, the spring, and West Washington Street
Branch contained any of the above listed compounds.

A comparison of the 1992 data to 1990 data yields the following:

1. 1992 data from the on-site drainage ditch shows much lower
concentrations than in 1990 due to the installation of the Hillside
Treatment System which is operating effectively. This system is
capturing the spring effluent and contaminated groundwater
emanating from near the solvent tank farm area.

2. PCE and TCE concentrations within West Washington Street Branch
have remained steady.

3. PCE and TCE concentrations within Mineral Springs Branch have
remained BDL.

Additional surface water data is available to add here

The seeps and surface water in the “Hillside Area” between the main plant
and settling pond contained much higher levels of PCE as well as toluene,
xylene, and ethylbenzene. Due to the steep ravine, groundwater flowing
under the plant discharges to the on-site drainage ditch in this area. This is
the center, or area of highest concentration, of the PCE groundwater plume.
PCE was detected in one seep sample at 506 pg/1. The other organics
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detected in these samples were released from SWMU-7 and SWMU-46
located at the top of the ravine. Soil and soil gas samples from around the
SWMUs also indicate that a release has occurred from this source. This is
discussed further in Section 4.6 and in Appendix L-10 of the Part B Permit
Application. Because of the relatively high levels of organics detected in this
area, Bon L immediately implemented interim corrective measures to
contain and treat this water. This project is discussed briefly in Section 5-4.

2.9 DRINKING WATER WELL QUALITY

As discussed in Section 2.4, a few private drinking water wells are located
within one mile of Bon L. They will not be affected by the organics because
they are located beyond the natural streams that contain the PCE plume and
are not downgradient of the plume. The three closest wells were sampled
and analyzed for volatile organic compounds. No VOCs were detected in
these wells.

Laboratory reports for these samples are included in the Part B Permit
Application.
SECTION 3

AQUIFER AND WELL TESTING

3.1 INSTALLATION OF TEST WELLS

Test well DW-1 was installed just south of the inactive oil/water separator
(SWMU-23) on November 23, 1992. The well was drilled to a depth of 42
feet and screened with four-inch diameter, 0.010-inch slotted PVC screen.
Four piezometers, PZ-1, PZ-2, PZ-3, and PZ-4, were also installed to
observe the drawdown.

Test well DW-2 was installed southeast of monitoring well 4S on December
7, 1992. The well was drilled to a depth of 31 feet and screened with four-
inch diameter, 0.010-inch slotted PVC screen. Two piezometers, T-5 and T-
6, were installed to observe the drawdown in the aquifer during pumping of
the test wells.

Test well PW-1 was installed near former monitoring well 2S by ATEC in
March 1990. This well was completed with a six-inch diameter screen to the
bottom of the shallow aquifer. Six piezometers, PZ-1 through PZ-6, were
also installed.
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Construction diagrams and boring logs for wells DW-1 and DW-2 are
included in Appendix B. No construction diagram or boring log was available
for test well PW-1.

3.2 STEP PUMPING TESTS
3.2.1 Step Pumping Test Methodologies

Test well step testing was accomplished between December 2 and 11, 1992.
Water level measurements were obtained using electric well probes in the
recovery well. All water removed during the step testing was treated by the
carbon adsorption unit prior to discharge to the existing NPDES outfall.

Pumping was performed in test wells DW-1 and DW-2 using a one-third
horsepower (hp) submersible pump. Well PW-1 was tested by ATEC in
March 1990 and no step test data is available. Well DW-1 was pumped at
increasing rates of 0.2, 0.3, and 0.85 gallons per minute (gpm) for a period
of approximately one-half hour for each step. Well DW-2 was pumped at
increasing rates of 1, 2, 5, 7.5, and 8 gpm for a period of about 20 minutes
for each step. Table 3 summarizes the data on the step testing.

3.2.2 Step Testing Results and Analyses

Pump test data collected from the two step tests were used to estimate
optimum pumping rates for each recovery well. The data were also used to
obtain preliminary estimates of aquifer parameters.

The step test data were evaluated by plotting the drawdown(s) versus the
pumping rate. The efficiencies were calculated by dividing the pumping rate
by the drawdown. The efficiency in well DW-1 remained constant, probably
due to the low flow rates. The efficiency in DW-2 was reduced at pump
rates above 7 gpm. Drawdown data and plots from each pumping well are
included in Appendix B.

Step test results indicate the heterogeneous nature of the saprolite at the
facility. The aquifer transmissivities were calculated between 9.1 and 9.4
ft2/day and 662 and 663 ft2/day for DW-1 and DW-2, respectively. An area
of low transmissivity sediment appears to exist near test well DW-1.
Estimated aquifer parameters derived from step test data were consistent
with those derived from both slug testing and constant rate (48-50 hours)
aquifer tests.
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3.3 CONSTANT RATE AQUIFER TESTS
3.3.1 Constant Rate Aquifer Test Methodologies

Constant rate aquifer tests were performed on test wells PW-1, DW-1, and
DW-2 to refine estimates of aquifer parameters (transmissivity, hydraulic
conductivity, and storativity). The locations of these wells and their
associated observation wells (existing monitoring wells) and piezometers are
shown on Figure 9.

Test well PW-1 was tested at a rate of approximately 0.5 gpm for a period of
51 hours between March 9 and 10, 1990. During well PW-1 aquifer testing,
water levels were recorded using an electric well probe at monitoring wells
2S and 2D, and piezometers PZ-1, PZ-2, PZ-3, PZ-4, PZ-5, and PZ-6. After
pumping ceased, water levels were monitored for a period of 26 hours. Test
well PW-1 and all the associated piezometers have been properly
abandoned.

Test well DW-1 was tested at a rate of approximately 0.45 gpm for a period
of approximately 67 hours between December 3 and 5, 1992. During well
DW-1 aquifer testing, water levels were recorded using an electric well probe
at monitoring wells 29S, 29D, 47S, and 10S and piezometers T-1, T-2, T-3,
and T-4. Due to the low transmissivity and the test being affected by rain,
none of the monitoring points showed a significant drawdown.

Test well DW-2 was tested at a rate of approximately 7 gpm for a period of
approximately 48 hours between December 18 and 20, 1992. During this
aquifer test, water levels were monitored using electric well probes at
monitoring wells 4S, 4D, 5S, 17S, 17D, 18S, 18D and piezometers T-5 and
T-6. After pumping ceased, water levels were monitored for a period of 41
hours.

3.3.2 Constant Rate Aquifer Test Results and Analyses

The constant rate aquifer pump test data were evaluated using methods
developed by Cooper and Jacob (1946) and Theis (1935). Analyses for each
of these methods were performed graphically from semi-long plots and log-
log plots. Results of the analysis are summarized on Table 4. All pumping
recovery data are included in Appendix B.

Transmissivity and storativity estimates from the PW-1 test were calculated
using drawdown data from piezometers PZ-4 and monitoring well 2S.
Transmissivity values ranged from 27.4 ft2/day to 22.3 ft2/day; storativity
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values varied from 8.5 x 104 to 3.5 x 1073, respectively. The capture zone
for this test is shown in Figure 10.

Only the transmissivity was estimated from the DW-1 test, since drawdown
data in the surrounding observation points were unreliable due to rain and
man-made heterogeneities in the subsurface. Apparently there was once a
gravel road traversing the area where DW-1 is located, the top of which is
located about three to four feet below the present ground elevation. There
may also be other man-made subsurface features in this area because the
inactive oil/water separator is located about 20 feet northeast of DW-1.

The transmissivity and storativity values from the DW-2 test were calculated
using drawdown data from piezometers T-5 and T-6. Transmissivity values
ranged from 745 ft2/day to 586 ft2/day; storativity values varied from 2.1 x
102 to 1.6 x 107?, respectively. The high transmissivity in this area is
probably due to the degree of weathering in the saprolite. The saprolite in
this area is weathered gneissic material that still exhibits layering and
foliation. The layers are oriented so the horizontal hydraulic conductivities
are greater than the vertical hydraulic conductivity. A triaxial conductivity
test was performed by Chattahoochee Geotechnical Consultants. The
vertical hydraulic conductivity of the sample was determined to be only 2.05
X 10® cm/sec. This is about three orders of magnitude less than the
horizontal hydraulic conductivity. The capture zone for this test is shown in
Figure 11,

3.3.3 Water Quality Sampling and Analyses

Water samples were collected at DW-1 and DW-2 at the beginning of the
aquifer test and every 24 hours thereafter. The samples were analyzed for
permit VOCs (EPA Method 8260) (i.e., PCE, TCE, toluene, vinyl chloride,
ethylbenzene, 1,1-dichloroethene, and total xylenes). Laboratory reports
are included in Appendix A.

Results of the four samples collected from DW-1 indicate that the only
permit VOCs present in the groundwater were PCE and TCE. The first
sample contained 120 pg/1 of PCE and & pg/1 of TCE. The three
subsequent samples showed PCE ranging from 280 to 300 pg/1 and TCE
ranging from 12 to 14 ug/1. This is consistent with a groundwater sample
collected in June 1992 from monitoring well 29D, which contained 380 ug/1
of PCE (Report No. 35645-24), and the last groundwater sample collected in
June 1990 from monitoring well 29S, which exhibited 103 pg/1 of PCE
(Report No. 21773-48).
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Results of the three samples collected from SW-2 also indicated that the
only permit VOCs present in the groundwater were PCE and TCE. The initial
sample contained 70 pg/kg of PCE and 10 pg/kg of TCE. The other two
samples contained levels of PCE ranging from 10 to 80 pg/kg and TCE
staying steady at 10 pg/kg. These levels are also consistent with recently
collected samples from monitoring well 4S, the closest monitoring well to
DW-2.

Since DW-2 was located in the chromium plume, a sample was collected
during the beginning of the test and analyzed for chromium. Results
indicated that the level of chromium was BDL.

3.4 SLUG TESTING

Slug testing was performed at the site on December 23 and 26, 1992.
Testing was performed using an In-situ Hermit Data Logger and its
associated transducers. Tests were performed on 11 existing monitoring
wells and test wells DW-1 and DW-2. All of the wells tested were located
within existing plumes. The average hydraulic conductivity value was
calculated to be 3.9 ft/day using the Bouwer and Rice Method. The
minimum value was 0.08 ft/day and the maximum value was 19.77 ft/day at
wells 26S and 7S, respectively.

Previous hydrogeologic conductivity tests (slug tests) for the residual soils at
the site were performed for the Part B Permit Application. The maximum
and minimum values obtained during these tests were 4.9 ft/day at well 9S
and 0.05 ft/day at well 9D, respectively. The average value obtained was
2.5 ft/day. All of the slug test data performed to date is summarized in
Table 5.

Very good correlation was obtained when comparing the slug test data to
the aquifer test data. At test well DW-1, values of 0.25 ft/day and 0.22
ft/day were obtained during the slug test and aquifer test (single borehole,
using Hvorslev’'s Method), respectively. At test well DW-2, values of 13.4
ft/day and 31.6 ft/day were obtained during the slug test and aquifer test
(average of two tests), respectively.

3.5 BEDROCK AQUIFER TEST DATA

Compressed air was used to remove water from the bedrock wells during
well development and purging. With a constant flow of air, water was
produced from the well at the same rate fractures recharged the well.
Following this approach, several hydraulic conductivity determinations were
also made during the air lift purging, assuming that drawdown was equal to
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the approximate depth of the static water column in relation to the base of
the hose, and that pseudo steady-state flow conditions existed.

Hydraulic conductivity values were determined at various zones in bedrock
wells BR-2, BR-3, BR-4, and BR-5 (EMCON, Bedrock Groundwater
Investigation Report, 1992). The highest conductivity value, 0.26 ft/day,
was observed in BR-3 at an interval of 63 to 88 feet BGS. The lowest value,
0.017 ft/day, was observed in well BR-5 between the depths of 85 and 109
feet BGS. Of course, intervals of these wells that contained no productive
fractures had no measurable conductivity at all. In general, the bedrock is
relatively unfractured and has a hydraulic conductivity approximately an
order of magnitude less than the saprolite.

3.6 PSEUDO STEADY STATE HYDRAULIC CONDUCTIVITY TESTING

Additional hydraulic conductivity data was previously obtained during the
preparation of a report entitled “"Assessment of Potential Sources of Release
of Volatile Organic Compounds” (EMCON, 1991). Hydraulic conductivity
values observed with the surficial aquifer during this testing varied from a
maximum value of 19.8 ft/day for well 17S to a minimum value of 3.3 x 10?2
ft/day for well 3S. Results of this testing are summarized in Table 5.

3.7 LABORATORY DETERMINATION OF THE RETARDATION
COEFFICIENT

To determine of soil adsorption characteristics affect the PCE distribution and
transport within the aquifer, a series of analytical tests were performed on
soil samples from DW-1 and DW-2. After an extensive literature review,
batch testing was selected as the most reliable method to determine the
adsorptive characteristics of the soils. The general concept is to apply a
known concentration of PCE to a known mass of soil and then determine
how much PCE is removed from the solution by adsorption onto the soil
material. Columbia Analytical Services (CAS) was contracted to perform this
analysis. The CAS report and retardation coefficient calculations based on
the report data are included in Appendix B.

A series of batch tests were performed by mixing varying proportions of soil
with a known concentration of water spiked with PCE. The mass of PCE
adsorbed per mass of soil was determined by subtracting the equilibrium
concentration of PCE from the initial concentration of PCE and multiplying
this difference by the total volume of the solution added. The ultimate
objective of this test was to obtain the Kd value from the Freundlich
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isotherm. The Freundlich isotherm is applicable where adsorption onto a
solid phase is proportional in a log distribution of the solute concentration.

The data obtained from the batch test was plotted as a function of the
equilibrium concentration against the mass of PCE adsorbed per gram of soil.
Data points should form a linear relationship when plotted log-log, provided
equilibrium concentration times have been achieved. Once these data are
plotted, the slope is used in the Freundlich isotherm equation to solve for
Kd, the mass partitioning coefficient, which is the mass of PCE adsorbed per
mass of soil divided by the equilibrium concentration. In more practical
terms, the Kd value is the amount of contaminated solution that passes
through a given mass of adsorbing media.

The measured Kd value was then used to obtain a retardation coefficient for
PCE in the soils. The retardation coefficient is an indication of the amount of
water containing a specific solute (PCE in this case) that must pass through
a given media (soil) so that 50 percent of the initial concentration is
observed at the boundary of the flow region. The retardation coefficient (R)
is the ratio of the velocity of water flowing through an aquifer with respect to
the velocity of the contaminant flowing through the aquifer. The relationship
between R and Kd is expressed as

where:

e = velocity of water from unit,
e V = velocity of contaminant from unit,
e = bulk density,

e n = porosity, and

e = mass partitioning coefficient.

When R equals 1, there is no retardation. When R exceeds 1, retardation is
observed. The higher the value of R, the higher the retardation.

The laboratory Kd values calculated for the soils at DW-1 and DW-2
averaged about 0.6 ml/g. The corresponding retardation coefficient (R) for
PCE in the soil samples was determined to be 3.4. This means that the
cleanup of this type of aquifer will take at least three times as long as an
“unretarded” contaminant.

A similar type of solid-water partitioning analysis was undertaken using a
soil sorption coefficient. The most common soil sorption relationship is the
Koc coefficient, which is based on the sorptive capabilities of organic carbon.
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Once the organic carbon fraction (foc) is known for a particular soil or
sediment, the following relationship can be established:

The foc value for soil collected at 25 feet BGS at test well DW-1 was 0.0013
and at the same depth in DW-2 was 0.0015. Using an after foc value of
0.0014 and a Koc value of 359 yields a Kd of 0.5. The retardation factor
using this Kd value is 3.0. The Kd values are very similar when using this
analysis method and the batch testing method described above.

SECTION 4

GROUNDWATER MODELING AND DRAWDOWN ANALYSIS

4.1 INTRODUCTION

As a part of the groundwater investigation, two groundwater models were
used. The first, the SWIFT III model, was originally developed for Sandia
National Laboratories by three consulting firms (Intercomp, Inc., Intera,
Inc., and Geotrans, Inc.) over a ten-year period. The SWIFT III model was
used to calculate discharge into the surrounding surface water bodies. The
second, the MODFLOW model, was used to calculate the capture zone of the
proposed groundwater collection system. Although this can be done by
hand, the model simplified the calculation process.

The role of the models was to provide quantitative answers of sufficient
accuracy to guide the decision-making process for groundwater monitoring
and remediation.

4.2 SWIFT III MODEL DEVELOPMENT
4.2.1 Regional Flow Modeling

The existing database at the site includes 94 monitoring wells and several
rounds of sampling and water level measurements. Except for 16 wells, all
data lie within the boundaries of the site. Additional regional groundwater
system factors that have a controlling influence on groundwater movement
and contaminant migration at the site must also be considered. To
incorporate the regional effects, two flow models are employed. The first is
a regional-scale model extending over a wide area. While data on this scale
are limited, a reasonably accurate simulation of the regional groundwater
system has been obtained. Subsequently, a local-scale model is constructed
within the overall framework of the larger model. The local model includes
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most of the Bon L property and areas outside of the site that are potentially
affected by the groundwater release from the plant. Water level data
computed by the regional model were used to establish the outer boundary
conditions for the local scale model. In this way, the site area could be
modeled with much higher resolution than would otherwise be possible,
while transferring the characteristics of the regional three-dimensional flow
system into the local scale. A further description of this process and the
regional model results is contained in Appendix C.

4.2,2 Local Scale Groundwater Flow Modeling

In the first phase of the modeling analysis, regional and local-scale flow
models were developed and calibrated to simulate the present average
annual (steady-state) groundwater levels within the site area. During the
calibration process, model parameters were adjusted until a reasonable
reproduction of the observed water level pattern was obtained. This process
also enabled the determination of the model’s relative sensitivity to a range
of hydraulic conductivity and recharge infiltration values.

Of these two parameters, recharge appears to be the most sensitive in this
model. A final value of four inches per year was selected. This is considered
to be a reasonable value given the hydrologic characteristics of the site and
the estimated infiltration rate based on precipitation, runoff coefficient, and
evapotranspiration rate in this area.

Hydraulic conductivity was less sensitive in this model. A value of one ft/day
was found to provide the most reasonable amount of subsurface drainage
within the saprolite aquifer. This hydraulic conductivity estimate is
consistent with recent aquifer tests conducted at the site discussed in
Section 3.

The finite-difference computer grid for the local model is shown in Figure 12.
Each rectangle in the grid represents a model cell, each of which can be
assigned a set of hydraulic characteristics representative of the aquifer. In
plan view, the local model consists of 53 “i” coordinate cells and 43 “j”
coordinate cells. In cross-section, three cells are stacked on top of one
another in order to break the saprolite aquifer up into three depth horizons
extending from the approximate water table to the bedrock. Therefore,
layer thicknesses and elevations vary according to the thickness of the
aquifer and the depth of bedrock across the model area. The blacked out
cells in Figure 12 are the computer representation of area streams and
ponds. The orientation of the “j” axis, along a north-northwest direction,
coincides with the approximate average geologic strike.
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From the model, the calculated water levels in the upper aquifer are shown
in Figure 13. This compares very favorably with the potentiometric surface
from monitoring wells. The small arrows in Figure 13 indicate the
groundwater flow direction (one should look at the general trend indicated
rather than each individual arrow). In ideal circumstances (in a
homogenous aquifer), the flow direction is by definition perpendicular to the
water level contours. However, in a heterogeneous aquifer, groundwater
flow may not follow this rule precisely. In an attempt to simulate the
heterogeneous effects of geologic strike within the saprolite, a 2:1
anisotropy was introduced in the model, with the strongest permeability
component aligned with the “j” axis of the model (coincident with the
approximate average geologic strike). This produces the slight southerly
angle the arrows have in Figure 13 relative to the water level contours.

Some trends shown in Figure 13 are also forced to occur, based on
knowledge of the groundwater system. One occurs when a section of a
stream receives or produces groundwater. The trend will depend upon the
stream elevation supplied to the model. While most stream reach elevations
are well-defined, the section of the drainage ditch adjacent to the polishing
pond is particularly sensitive. In the area of the small dam (road) just
southwest of the polishing pond, a change of stage in the ditch of only a few
inches can determine whether groundwater is discharged to the ditch or the
ditch discharges to the groundwater. A stream stage that produces
infiltration from the stream to the aquifer in a southerly direction in this one
area was used in the model. This decision was based on the contamination
pattern observed, which shows movement away from the ditch in the
immediate western pond area.

The groundwater flow arrows (vectors) of Figure 13 indicate that Mineral
Springs Branch along the western site border receives groundwater from
both sides, while the drainage ditch (along the ponds) and West Washington
Street Branch apparently receive water only from the north, and also from
the upper portion of the aquifer. Water appears to flow underneath these
smaller creeks on its way to Mineral Springs Branch. This condition is
produced mainly by the fact that Mineral Springs Branch lies at a
considerably lower elevation than the other streams, and because West
Washington Street Branch and the drainage ditch do not penetrate
significantly into the aquifer. Mineral Springs Branch acts as a hydrologic
barrier to the plume. This is supported by groundwater monitoring
performed at wells located on the western side of this stream. Figure 14
shows the behavior of groundwater flow in a cross-sectional plane across
West Washington Street Branch and Mineral Springs Branch (from Figure 12,
along the j = 32 line of cells).
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Figure 15 illustrates the relative amount of groundwater discharge (or
recharge) to each of the area streams and ponds as computed by the SWIFT
ITI flow model at the local scale. The numbers shown represent maximum
values. Silting of the stream beds, a parameter not incorporated into the
model, most likely will inhibit the actual amount of water moving into and
out of the streams. For analysis purposes, the drainage ditch and Mineral
Springs Branch have been broken up into several stream reaches.

The drainage ditch has a net gain along all three reaches considered. The
two reaches along the polishing pond (B and C) probably both receive equal
amounts of water from the pond. However, considering flow to and from
both sides of the ditch, the middle reach (reach B) gains significantly less
than the upper section. The difference (11.2 gallons per day per foot)
represents the loss of water southward into the aquifer in the vicinity of the
small dam.

Mineral Springs Branch, along the western site boundary, is broken up into
three stream reaches. The upper reach (reach B) receives the greatest
amount of groundwater. This is due in part to the relatively large hydraulic
gradients produced by the polishing pond toward this portion of the creek.
The lower portion of Mineral Springs Branch (reach G) receives slightly more
water than the middle section. This is likely due to increased aquifer
thickness in this area.

4.3 DEVELOPMENT OF THE MODFLOW MODEL

MODFLOW is a finite difference groundwater model developed by the United
States Geologic Survey (USGS) to simulate groundwater flow under many
different conditions. The model calculates head values, specific discharges,
and volumetric total discharges at user specified time increments. User
definable input includes evaporation, recharge, constant heads, aquifer
thicknesses, aquifer hydraulic conductivities, number of layers, discharge
wells, drains, and no flow boundaries. The MODFLOW model is distributed
by the USGS Water Resources Division. All of the calculations and notes
used to calculate the capture zone are included as Appendix C.

MODFLOW calculates head values at specified locations in a finite difference
grid. The grid consists of rows, columns, and layers. At the Bon L site, a
local area grid consisting of 35 rows, 35 columns, and one layer was used.
In this case, local means that only a localized portion of the entire site was
evaluated at any one time.
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This grid was used to simulate drawdowns in the saprolite aquifer at each
location where a discharge well is planned. The grid consists of 60-foot wide
rows and columns near the outer edges. At the interior of the grid, where a
discharge well is located and the aquifer drawdowns are the greatest, the
rows and columns are two feet wide. This grid spacing allows for a higher
resolution or degree of accuracy near the center of the local grid during each
drawdown calculation. The horizontal dimensions of the Bon L MODFLOW
local grid are 880 by 880 feet. However, the vertical thickness of the aquifer
layer varied for each modeled area.

The saprolite aquifer thickness was contoured across the majority of the Bon
L site where the model simulations were planned. From the aquifer isopach
map, it was possible to select a single aquifer thickness for each model run.
This thickness was selected at each location to most accurately represent
the aquifer conditions in the interior potions of the local model grid.

Hydraulic conductivity values are also required as input into the MODFLOW
model. Aquifer hydraulic conductivities have been determined from slug
tests and aquifer tests at numerous locations across the site. The values
were plotted on a site map and contoured to extrapolate between known
values. Using this data, it was possible to select a single hydraulic
conductivity value that most accurately represents aquifer conditions near
the middle of each model simulation.

Streams and ponds at the site corresponding to grid cells required special
consideration. Most streams at the site are constant head boundaries that
do not vary during the model simulation. Stream elevations were
determined from a topographic map and input into the MODFLOW model as
constants. West Washington Street Branch was not considered a constant
head in one simulation center on West Washington Street Branch near the
confluence with Mineral Springs Branch because this well placement will dry
up the seasonal West Washington Street Branch.

Additionally, the two ponds on site are not considered true constant head
boundaries since earlier investigations have determined that they are not in
direct hydraulic connection with the underlying saprolite aquifer due to the
bottom accumulation of aluminum hydroxide sludge which was once treated
within the two ponds. Therefore, where a local grid overlapped a pond at
the site, only a few of the grid cells were selected as constant heads.

In general, the pond constant head cells were selected near the center or
uppermost reaches of the pond. This placement of constant heads near the
centers of the ponds most accurately portrayed site conditions. This would
also have the effect of maintaining some head under the pond while having
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a minimal effect upon discharge simulations. When ponds were treated as
true constant head boundaries, calculated head values did not accurately
portray site conditions. The ponds, as of January 1993, are in the process of
closure and will be dewatered within approximately one year. This
treatment of the ponds as “semi-confined” also helped to portray conditions
as they will exist after the ponds are closed.

The MODFLOW model was used to calculate head values at the center of
each cell within the local grid. Two solution techniques are possible with the
MODFLOW model. For the Bon L simulations, the strongly implicit procedure
(SIP) was used repeatedly until the model head values stabilized.
Approximately 25 to 50 SIP iterations were required for each model
simulation to converge on a stable answer.

Output from the MODFLOW model includes input arrays, output arrays, and
water budgets. Twenty-one values were selected from the output arrays
and tabulated for comparisons with actual field values of hydraulic head.
From this simplified tabulation, it is observed that the simulated head values
most accurately represent field conditions around the center cell (i.e., cell
18, 18) of each grid. This was expected because aquifer parameters were
selected to provide the greatest accuracy near the center of each local
model.

Two simulations, one termed steady-state and the other termed discharging
or pumping, were conducted at each local grid location. The steady-state
model run was conducted to simulate the aquifer without the presence of a
discharge well. Another simulation was conducted with a discharge well
located at the center of the local grid (cell 18, 18). Differences between
these two model simulations were tabulated for each local grid and used to
determine the simulated drawdowns from discharging wells at different
distances from the discharge well.

Simulated drawdowns from each local model were plotted on a site map.
Where two grids overlap, simulated drawdowns may overlap and increase
the effective drawdown in that area. The law of superposition states that
the drawdowns are cumulative where they overlap. After plotting the
drawdown values and adding any cumulative drawdowns, the aquifer
drawdowns were contoured for the entire Bon L site. The August 21, 1992
water table map was overlaid on top of the drawdown map and redrawn to
account for aquifer drawdowns during a simulated recovery operation.
Although the actual water table may vary, using the results of the steady-
state and discharging or pumping simulations, drawdown is relative and the
starting water table elevation is not important. Groundwater flowpaths were
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drawn on the revised recovery water table map to determine groundwater
capture zones.

SECTION 5

CORRECTIVE ACTION

5.1 INTRODUCTION

The Corrective Action Plan deals with three areas: the PCE/TCE groundwater plumes, the
chromium groundwater plumes, and the Hillside Area. Natural and man-made measures can act
to protect groundwater resources. These include physical features such as area streams, which
by intercepting and receiving groundwater, serve as natural hydrogeologic boundaries. At Bon
L, Mineral Springs Branch forms this natural boundary. Within a contaminant plume, the natural
processes of adsorption and dispersion act to reduce contaminant concentrations. Active
measures that can augment these natural processes include source control and groundwater
recovery and treatment.

The most important aspect of the remediation is to contain or treat the sources of contamination
(or at least mitigate their impact to groundwater). For chromium, one of the sources has been
controlled by closing the former CrOH sand drying beds. Although clean closure could not be
achieved, the bulk of the contaminant was excavated and properly disposed. This is evidenced
by the significantly lower groundwater concentrations observed in wells 2SR and 2DR. The
former CrOH landfill, which has been attributed to be the other suspected source of chromium, is
scheduled to be closed by constructing an HDPE cap over the landfill as mandated in Section
IL.D of the Part B Permit. The identification and delineation of PCE/TCE sources during the RFI
will allow for timely and efficient source removal.

Closure of SWMU 7/46, the Tank Farm Unit was certified in January 1999. A remediation
system at that location was installed in late 1997 and brought online in early 1998.

This section describes available source control techniques, groundwater recovery and treatment
techniques, and wastewater disposal options. It evaluates each alternative and describes Bon L’s
proposed remediation measures to meet the groundwater protection standards set forth in the Part
B Permit. It also describes Bon L’s proposed monitoring plan and termination criteria and
projects remediation time frames. Finally, it describes Bon L’s reporting methods and the
proposed implementation schedule.

5.2  DESIGN CONSIDERATIONS

The corrective action program was developed based on the following conclusions resulting from
assessing the groundwater at the site:

1. the primary source of release of PCE and TCE was from the degreasing operations
conducted between 1954 and 1958,
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2. no public health risk to existing local groundwater users exists due to the direction of

groundwater flow and the natural plume boundaries formed by “gaining” streams in the

plant area,

laboratory analyses of samples verify that no water supply wells have been affected,

4. the entire depth or column of the saprolite aquifer is assumed to be contaminated by PCE
and TCE in areas where the PCE/TCE contaminant plumes exist,

5. only the uppermost column of the saprolite aquifer is contaminated by chromium in areas
where the chromium plumes exist,

6. the center of the plume will move about 30 to 90 feet per year,

7. bedrock serves as a vertical barrier to plume migration for most of the site with the
exception of the southernmost part of the PCE/TCE plume, and

8. Mineral Springs Branch serves as a horizontal hydrogeologic barrier to the plume.

»

In addition to the remediation objectives stated in 40 CFR §264.100, the CAP should:

1. use proven technology and readily available standard equipment and methods,

2. achieve the remediation objective at the point of compliance in the shortest reasonable
period of time,

3. provide a permanent remedy, if possible,

4. comply with other relevant environmental standards and permits,

5. provide an economically feasible solution, and

6. minimize maintenance problems, thereby improving overall system performance and

effectiveness.

5.3 CORRECTIVE ACTION ALTERNATIVES
The proposed corrective action system includes:

1. removing contaminated groundwater with a dewatering system and pumping the water to
a central location,

2. processing the water through an on-site treatment system to remove volatile organic and

metal contaminants,

disposal of the treated effluent in an acceptable manner, and

4. remediating known sources of contaminants.

»

The following is a discussion of implementation of these alternatives in each area of concern.

5.4 HILLSIDE AREA
54.1 Interim Corrective Measures for the Hillside Area

As discussed in Section 2, volatile organic compounds were detected in seeps and a spring from
an embankment between the Main Plant Building and the settling pond. This area, a steep
embankment referred to as the Hillside Area, is where the on-site surface drainage ditch
originated in 1990. Before the plant was built, this ditch extended further north under the present
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location of the plant building. In 1990, a stormwater drainage culvert entered the ditch at this
location. This culvert drained runoff from the plant property and parking area, as well as
residential and commercial areas north and east of Bon L. The storm drain was extended further
downstream in 1990.

Groundwater in the Hillside Area contains concentrations of xylene, ethylbenzene, and toluene
related to releases from SWMU-7 and SWMU-46; and concentrations of PCE related to releases
from SWMU 49. This water has the highest reported concentrations of VOCs at the site. The
total VOC concentration of the influent is about 500 to 700 pg/1, and the major compounds are
PCE and toluene. After discovering this source of VOCs, Bon L began to implement the
following immediate corrective measures to control this release:

measures to prevent additional soil contamination (source control),

placement of absorbent “socks’ across the ditch,

isolation of the contaminated soil from the stormwater management system,
collection and removal of organics before they contact surface water, and

studies for remediation beyond source control, described in the Draft RFI Workplan.

SNk W=

The EPD was notified of these immediate corrective actions in a letter from Bon L to Mr. Mark
Smith dated August 17, 1990.

After the above corrective measures were implemented, the Hillside Area was modified to route
stormwater away from the seep and to collect and treat contaminated groundwater in an oil water
separator and a carbon adsorption unit. The interim corrective actions included capturing the
“spring” and other seepages, routing stormwater drains to points beyond the Hillside Area, and
installing pumps and controls in the Hillside Area just south of the main plant building. The
influent flow rate varies in relation to rainfall, but averages about 13 gallons per minute (gpm).
The collected water is pumped through a carbon adsorption unit located at the wastewater
treatment plant. This system has been in operation since July 1990. Influent to the unit is
collected at two locations: a low point collector (LPC) and the spring. These collection points
captured most of the shallow groundwater in the Hillside Area. Sample results indicated that this
unit facilitated removal of PCE and other VOCs to below detection limits. The effluent met
drinking water standards.

5.4.2 Additional Corrective Measures for the Hillside Area

The corrective action measures described in Section 5.4.1 effectively captured groundwater in
the Hillside Area. Therefore, Bon L continues to collect groundwater discharge from the Hillside
Area for treatment in the selected groundwater treatment system as described in Section 5.6.2.2.
Additionally, source control for the Hillside Area was investigated during the RCRA Facility

Investigation. The RFI Workplan was submitted to EPD under separate cover.

5.5 SOURCE CONTROL
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Section 5.5 describes techniques that Bon L has and will implement to control sources of
chromium, PCE, and TCE, as well as VOCs associated with SWMUSs 7 and 46. Section 5.5.1
describes Bon L’s proposed PCE/TCE source control techniques. First, the investigation steps
that Bon L has and will undertake to define contaminant distribution at the source are discussed.
Second, available soil treatment options for remediation of the source are described. Third, the
effectiveness and feasibility of each option are analyzed and a specific treatment option is chosen
based on those analyses. And finally, Bon L proposes an implementation plan for PCE/TCE
source control and remediation that has and will continue to be implemented as discussed below.

Section 5.5.2 then describes steps that Bon L has undertaken to control sources of chromium.
Because chromium source control has been addressed by the closure of the CrOH sand drying
beds and the CrOH landfill, Section 5.5.2 provides a brief description of chromium source
control.

Section 5.5.3 describes steps that Bon L has undertaken to control sources of VOC from
SWMUs 7/46.

5.5.1 PCE/TCE Source Control

Preliminary calculations based on data collected during the Stage I PCE/TCE Source Area
Investigation indicate that the mass of the PCE contained within the plumes can be attributed to
the former PCE Degreasing Unit. The calculations are shown in Appendix B.

These calculations were performed by determining:

1. Henry’s Constant (H) of PCE (ratio of vapor concentration and liquid concentration),

2. the area of the 1000 ppm and 100 ppm concentrations of VOCs (the area contained
within the 10.0 ppm contour was excluded from the calculations),

3. the concentration of PCE in the porewater using the relationship of CW = Cg/H, where,

CW = porewater concentration (g/L),

Cg = vapor concentration (g/L), and

H = Henry’s Constant (dimensionless),

the mass of PCE in one volume of groundwater contained within the 1000 ppm
contour and 100 ppm contour, respectively, assuming three feet of the total aquifer
thickness came into equilibrium with the vapor, based on the concentrations of PCE
in monitoring well 40D, and

¢ the mass of PCE transferred to the aquifer per year, using a groundwater velocity of
60 feet per year.

Based on the above information, it was calculated that between 1954 and 1992, approximately
0.64 pounds per year of PCE discharged into the groundwater from vapors remaining in the soil
resulting from releases from the former PCE Degreasing Unit. This number compared favorably
with previous data indicating that approximately 25 pounds of PCE are contained in the main
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groundwater plume (EMCON, Groundwater Assessment for VOCs, 1991, Rev. 1.1). Assuming
the release of PCE started during the operation of the unit in 1954 and 1992, the following
relationship can be written:

38 years (1954-1992) x 0.64 pounds per year = 24 pounds.

The 24 pounds is only an approximation and assumes that all of the contamination has been
transferred via the gaseous phase. The purpose of this exercise was to show that the former PCE
Degreasing Unit was the primary source of PCE contamination to the aquifer, was in 1993, still
contributing a significant amount of PCE to the system, and if not removed, the VOC plume
would not diminish in size or concentration in the future.

5.5.1.1 Former PCE Degreasing Unit Investigation Steps

There were four primary steps undertaken to define the contaminant distribution and perform the
remediation at the former PCE Degreasing Unit. All four steps were initiated in 1993. The first
three steps were performed in 1993. The fourth step is ongoing. The SVE system, although
accomplishing its design objectives, has reached a point of asymptotic recovery, and can be shut
down.

Step 1. Removal of the surface concrete and approximately three feet of fill sand
above the second layer of concrete.

Step 2. Use soil gas, soil sampling, and material sampling to identify the location and
the contents of the sump and the condition of soils adjacent to and below it.

Step 3. Removal of the second layer of concrete over the sump and any contaminated

materials present in the sump.
Step 4. Remediation of the former PCE Degreasing Unit.
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5.5.1.1.1 Step 1, Concrete and Fill Sand Removal

Bon L removed the surface concrete slab (4 to 6 inches thick) over the eastern portion of the
former PCE Degreasing Unit as shown on Figure 16. The volume of concrete removed was
approximately 40 cubic yards. It was determined in the Stage 1 Investigation that approximately
3 feet of clean fill sand was present below the concrete floor. Bon L removed this sand
(approximately 84 cubic yards) to allow access to the second layer of concrete covering the
former degreasing sump. The surficial concrete and fill sand was sampled and analyzed for PCE
and TCE using EPA Method 8260 to verify that it was not contaminated prior to disposal.

A work area extending 20-30 feet from the northwest and southeast sides of the excavation was
kept clear to allow safe movement of heavy equipment and allow for temporary storage of clean
fill sand and non-contaminated concrete in a container.

5.5.1.1.2 Step 2, Soil Gas Survey and Soil Sampling

Following the removal of the concrete floor and fill sand (Step 1), EMCON personnel used the
same soil gas method utilized in the Stage I Investigation to probe and sample through the
second layer of concrete. EMCON then determined the location of the sump and the VOC
content of the materials contained within.

The soil gas survey was conducted by first drilling through the six-inch thick concrete flooring
using a one-inch diameter carbide tipped drill bit attached to an electric roto-hammer. Then, 5/8-
inch diameter, low carbon steel hollow rods were driven into the soil using the electric roto-
hammer. The bottom section of the rod was attached via a hollow nipple to a six-inch slotted
steel screen (0.020 slot width), through which the vapors were drawn.

A vacuum was applied at the surface by using an electric oil-free compressor equipped with a
water trap and capable of 1.3 cubic feet per minute (CFM) volume at nominal vacuum and a
maximum vacuum of 23 inches of mercury. Concentration readings in parts per million (ppm)
on the photoionization detector (PID) were measured at a “T” on the exhaust side of the vacuum

pump.

The maximum and the stable vapor concentrations were recorded for each sample depth and
location. These concentrations were measured on a PID calibrated to a 100 part per million
(ppm) toluene gas standard and equipped with a 10.6 electron volt lamp. The soil gas rods and
the vacuum pump were purged with ambient air between each soil gas probe location until a
reading of background (0 ppm) was observed on the PID. The vacuum gauge reading during
purging was also recorded.

The number of soil samples collected was based on the observed soil gas concentration data.
Soil sampling was accomplished using a two-inch diameter stainless steel hand auger after
coring the six-inch thick concrete at each location. Soil sample collection, cleaning of sampling
equipment, sample preservation methods, and chain-of-custody procedures was performed in
accordance with Appendix IC-F of the Part B Permit Application.
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5.5.1.1.3 Step 3, Excavation and Materials Sampling

Following the delineation described in Section 5.5.1.1.2, the second layer of concrete over the
sump and as much contaminated material from the sump as was practical and feasible was
removed. PCE and TCE are both ideal compounds for identification with a PID due to their high
volatility and low ionization potential. —Therefore, the extent of materials removed was
determined using a PID.

VOC contaminated materials excavated from the former PCE Degreasing Unit were placed into
a lined container and covered with 5-mil plastic. The contaminated materials were disposed of at
an approved hazardous waste disposal facility.

5.5.1.2 Remediation of the Former PCE Degreasing Unit
5.5.1.2.1 Available Soil Treatment Options

Technologies available for remediating the contaminated soil zone include:

excavation and off-site disposal,

biodegradation (in-situ or treatment module),

chemical degradation (combined with pump and treat),

in-situ soil washing,

excavation, ex-situ on-site treatment, and off-site disposal, and
in-situ air stripping (vapor extraction).

S e

While several of these technologies may provide the desired cleanup level, their inherent
limitations or their economic feasibility usually limit their applicability at a site. The following
subsections analyze each alternative.

5.5.1.2.1.1  Excavation and Off-site Disposal

In this alternative, soils would have been excavated, loaded onto trucks, and transported to a
disposal facility. This was a traditional method for remediation of soils in the early 90s.
Excavation is a very effective method in treating soils above the water table, but there is a limit
to the depth of excavation below the water table. In addition, it takes up valuable landfill space.
Soils that are removed must be replaced with clean fill and compacted according to the structural
support needs of the area.

5.5.1.2.1.2  Biodegradation

Although it has been advertised as the treatment technology of the future, only limited full-scale
application of biodegradation had taken place in 1993. It reportedly had considerably lower
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initial capital costs than excavation, but there continue to be limitations to its feasibility.
Successful use of biodegradation requires a thorough understanding of the on-site hydrology,
microbiology, and chemical characteristics. There are three classifications of biodegradation
technology:

1. aerobic, in which oxygen is needed as a terminal electron acceptor,
2. anaerobic, in which sulfates or nitrates are needed as the terminal electron receptor, and
3. fermentation, in which terminal electron acceptors are discharged as reduced organics.

Prior to 1993, relevant literature contained reports that aerobic biodegradation had been
successfully used to degrade gasoline, non-halogenated hydrocarbons, and aromatics. Other
reports state that halogenated aliphatics, such as PCE and TCE, are not significantly degraded by
aerobic biodegradation, but are degraded anaerobically. In 1993, anaerobic degradation of
halogenated aliphatics had been conducted only under limited conditions without extensive, full-
scale application.

5.5.1.2.1.3 Chemical Degradation

In this process, oxidizing or reducing agents are injected into the contamination zone to degrade
the contaminant into other chemicals. This oxidation-reduction reaction degrades the chemical
to a by-product that has more favorable characteristics, which may include lower toxicity,
increased mobility, volatility, or adsorption properties. In 1993 the most common chemical
degradation process was the injection of ozone into the soil matrix. Ozone is capable of
oxidizing many compounds, including halogenated hydrocarbons, halogenated aromatics, and
pesticides.

The chemical reactivity of a contaminant, as well as the mobility of the contaminant with the soil
during application of the oxidizing/reducing agent, determines the chemical’s ultimate fate. The
complex physical/chemical interaction at a site complicates the remedial design and frequently is
reason to eliminate this technology as an alternative. In addition, unfavorable by-products are
often the results of chemical degradation, and they may have decreased volatility or adsorption
characteristics, making them more difficult to remove following chemical degradation.

5.5.1.2.4 Soil Washing

This technique solubilizes a substance in water to transfer it from the soil matrix into the
groundwater. Typically, an underground piping network or above-ground bermed area or pit is
constructed to fit the dimensions of the contaminated area. Water flow is maintained through the
soil and the groundwater is pumped to the surface through recovery wells and treated.

Organics having high solubilities (including alcohols, phenols, and other organics with an octal-
water coefficient <10) are very easily flushed from the soil. Organics that have medium
solubility (including low molecular weight ketones, aldehydes, and aromatics, and low molecular
weight halogenated organics) may also be effectively removed. The VOCs on-site have low
solubilities.
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Water is commonly used as the flushing solution; however, acids, bases, chelating agents, and
surfactants also are used to enhance the flushing rate of a chemical from the soil matrix.

Soil washing can be described as an accelerated precipitation and percolation process that can
effectively remove VOCs. If a soil washing system is designed properly, the overall length of
time for groundwater recovery and treatment can be reduced significantly. A major
consideration is the capacity of the groundwater recovery system. The groundwater recovery
system must be capable of recovering all the contaminants flushed from the soil. In addition, the
treatment system must be designed to handle the added contaminant loading.

5.5.1.2.1.5  Air Stripping

An innovative technology that has been given significant recent attention is in-situ soil treatment
of VOCs through air stripping. The technology also is referred to as soil venting and enhanced
volatilization. In-situ air stripping relies on the characteristics that cause a contaminant to
volatize into the air available in the void spaces within the subsurface soil matrix.

The treatment system consists of one or more withdrawal wells constructed similar to
groundwater withdrawal wells, except that the screened interval is located within the unsaturated
soil zone. The well is connected to a blower’s intake. The blower develops a vacuum or
pressure drop across the soil matrix, thus inducing an air flow through the soil. The VOCs are
driven into the air phase because of their higher vapor pressure. Equilibrium drives the VOCs
from the liquid phase, adsorbed to the soil particles, into the gas phase.

As air moves from outside the contaminated zone through the contaminated zone, air is enriched
with VOC:s prior to leaving the soil matrix through the withdrawal well and discharge pipe. This
technology will work for any volatile compounds in virtually any soil conditions. Operation of
the system depends largely on the number of withdrawal wells needed to remediate the area, the
time available to achieve cleanup, and the vapor treatment process costs. The VOCs on-site have
high vapor pressures.

5.5.1.2.1.6 Excavation and On-site Treatment

The above techniques may be combined to increase overall treatment effectiveness (e.g., when a
site’s hydrogeology, geochemistry, or other characteristics are less than ideal for any one
technology). A common combination is mechanical excavation and biodegradation, soil
washing, or above-ground (ex situ) air stripping. The mechanical manipulation involved in
removing the soil from the site may change its physical characteristics, which may make for
more effective application of one of the other treatment technologies. For example, the use of in-
situ air stripping becomes quite feasible in sand and porous soils; increased volatility of
contaminants also enhances air stripping. Drawbacks of this method include handling and
exposure to high concentrations and residual soils and vapors not removed continuing to affect
groundwater.
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5.5.1.2.1.7  Excavation and Mechanical Screening

Soil excavation combined with mechanical disking is another such alternative. The mechanical
disking device increases the void volume of the soils and thus increases the rate of volatilization
of the contaminants from the soil. Similarly, soils may be excavated and placed in a bioreactor.
Soil conditions also can be adjusted to obtain maximum biological growth and biodegradation.

Combining technologies does have drawbacks; one must purchase the equipment and labor for
both technologies. Quite frequently, combinations may be feasible only for treatment of large
volumes.

5.5.1.2.2 Evaluating Remediation Alternatives

In this section, the above-described remediation alternatives will be evaluated based on the
following criteria:

ability to satisfy requirements of 40 CFR §264.100,
technical feasibility,

economic feasibility,

short-term effectiveness, and

long-term effectiveness.

5.5.1.2.2.1 No Action Alternative

No remedial action would be implemented under this alternative. In this alternative, public
health risks from potential exposure to contaminated soils would not exist because the six-inch
thick concrete floor caps the soil. However, this source would still contribute to the existing
groundwater plume. This alternative would severely hinder the groundwater clean-up effort
because the primary PCE/TCE source at the site would still exist.

This scenario would be the simplest option to implement and the least expensive in capital costs.
However, the long-term costs in regard to the effect on the clean up of the underlying aquifer
would be significant, making this the least desirable alternative discussed in this plan.
Implementation of this alternative would provide no overall protection of human health and the
environment.

5.5.1.2.2.2 Excavation and Off-site Disposal

This option would involve removing the existing concrete floor and excavating the contaminated
soils underlying the unit. The materials would be incinerated as F-001 waste and properly
disposed. The excavation would then be backfilled and compacted, and a new cement floor
would then be poured. Excavating the soils would be effective in protecting human health and
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the environment from potential exposures. The majority of contaminated soils would be
removed from the ground, although some low levels of PCE/TCE would likely still exist at the
fringes of the excavation. This technique would no effectively remove contaminants within the
unexcavated underlying saturated zone. Therefore, an in-situ vapor extraction system would still
be needed to remediate the area. During excavation activities, workers could be exposed to
contaminated materials. Use of required protective equipment during the remediation would
minimize any risks.

This remediation method is technically feasible and has been proven successful for many years
on similar projects. The excavation would pose several technical problems. It would require
heavy equipment to operate inside the plant. The restricted working area in the operating plant
would require arranging access for backhoes, trucks, and roll-off containers to enter and exit the
facility.

This option will not be economically feasible because the volume of soils to be incinerated
results in high disposal costs. Although this option is very effective in reducing PCE/TCE
transport to the groundwater, additional vapor extraction will be necessary to substantially
remove the contaminants from the saturated zone. In addition, this option would take up
unnecessary space in the landfill.

5.5.1.2.2.3 In-Situ Biodegradation

The first step for this alternative involves removing the sump and any contaminated materials
contained within it. A thorough bench scale test would be performed to evaluate the
effectiveness of particular microbes to degrade PCE and TCE. Since the area of contamination is
shallow, aerobic conditions exist. Although halogenated organics have been degraded to
anaerobic microbes (under lab conditions), they are not significantly degraded by aerobic
microbes.

Due to the inability of this technology to achieve the cleanup objectives, this is not a viable
option.

5.5.1.2.2.4  Soil Washing

This remediation method would involve injecting water into the soils underlying the unit. A
small pumping station situated at the unit would inject the water and also could treat the water
and either dispose or recycle it back into the soils.

Due to the low solubilities of PCE and TCE, this system would be less efficient than air
stripping. The heterogeneity of the soils would probably create preferential flow paths, which
also would reduce the efficiency of this system at the former PCE Degreasing Unit.
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The capital costs for this alternative would be comparable to in-situ vapor extraction. The O&M
costs may be higher due to the inefficiency of the system and costs associated with water
disposal.

5.5.1.2.2.5 In-Situ Air Stripping

This alternative includes removing the existing concrete floor and materials within the sump. All
contaminated materials encountered during the excavation would be properly disposed. Several
vapor extraction wells (VEWs) would be installed in and around the former PCE Degreasing
Unit. A small treatment plant, which would include appropriate blowers, demisters, and
adsorption units, would be constructed at the unit or outside of the plant. The system would
require approximately six months to one year to meet the anticipated cleanup objectives.

The alternative would be very effective in removing PCE/TCE in the soils underlying the unit.
PCE and TCE both have high vapor pressures, meaning they will readily desorb from the soils
and volatize. The treatment would also be effective in removing dissolved or non-dissolved
contaminants from the partially or fully saturated zones. Heterogeneities within the soils could
create preferential pathways for the movement of vapor; this would reduce the efficiency of the
system. Since the concrete floor will be re-established after the wells are installed, the
availability of make-up air may be limited. This may necessitate the need for injection wells.
Overall, this is a well-proven technology that would be applicable for this area. The total
estimated construction cost for the alternative is $20,500. Additional operations and
maintenance (O&M) and reporting costs are approximately $20,000. The most significant
factors affecting the cost are the number of wells required and whether make-up air will be
required. These additional costs should only be about 10 to 20 percent of the total construction
cost.

5.5.1.2.2.6 Excavation and On-site Treatment

This alternative includes removing as much of the contaminated materials and soils as is
practical and feasible. These materials would be placed in a lined container outside of the
building and covered with plastic. Slotted PVC screens would be placed horizontally within the
soils in a manner that would allow the entire volume to be influenced by a vapor extraction
system. A small treatment plant similar to the one that would be used for an in-situ air stripping
system would be installed. The system would probably require less than six months to meet the
anticipated cleanup objectives.

This alternative, like the in-situ system, would be very effective in removing PCE/TCE from
these soils. However, this treatment would not remove any dissolved or non-dissolved
contaminants from the partially or fully saturated zones. Therefore, an in-situ vapor extraction
system would still be needed to remediate the area. Thus, the costs for this alternative would be
much higher than for the in-situ treatment since the excavation would have to be backfilled and
the flooring re-established over a greater area.
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5.5.1.2.2.7 Excavation and Mechanical Screening

The same methods used for excavation would be used for this alternative. However, prior to
disposal of the soils, they would be mechanically screened and disked and then spread out in a
lined area outside of the building. The volatilization rate would be quite high due to the large
surface area. The treatment would continue until levels were below the LDRs. The soils could
then be disposed without incineration.

Georgia EPD requires that VOCs emanating as a result of a hazardous waste cleanup be treated
prior to being discharged to the atmosphere. Therefore, an elaborate vapor collection system
would have to be contrasted, making this type of treatment difficult to implement. The costs for
excavation would be minimal, and because VOCs would need to be treated, costs similar to the
in-situ vapor extraction system would also be incurred. In addition, transportation and disposal
costs for a Class C landfill would be incurred. When these three costs are considered together,
this method becomes less economically feasible than in-situ vapor extraction.

5.5.1.2.3 Selected Treatment Method

Based on a combined analysis of the site conditions (Table 6), implementability (Table 7), the
ability to achieve cleanup objectives, and the other considerations in Section 5.5.1.2, in-situ air
stripping is the selected alternative for remediating soils at the former PCE Degreasing Unit.

5.5.1.3 Proposed Plan of Implementation

Bon L proposed implementation of a step-by-step remedial action plan (RAP) to address soil
contamination in the former degreasing area. The plan also considered the economies of scale
related to treating VOC-contaminated soils existing elsewhere on the Bon L site. Upon
completion of the Stage II Investigation and following the removal of any contaminated
materials from the sump, an in-situ vapor extraction system was used for four reasons:

1. to remediate an area of significant soil and soil vapor contamination near the upgradient
end of the groundwater plume, a source area of VOC:s that is affecting groundwater;

2. to implement remedial action more quickly, and with a high level of remedial benefit at a
minimum cost to Bon L;

3. to reduce the workers’ exposure to vapors during excavation; and

4. to provide a simple way of determining the Vapor Extraction System radius of influence
and concentration versus time profile of extracted vapors, which generates data needed to
calculate anticipated removal rates and to select the most economically feasible, long-
term soil vapor treatment design.

5.5.1.3.1 General Design Criteria
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The area around the former PCE Degreasing Unit be was demarcated to create a treatment area.
This was most economically feasible and followed the removal of contaminated materials from
the sump. The following steps were proposed to provide a logical and economically feasible
approach. These steps are shown diagrammatically on Figure 17.

Step 1. Perform Stage II Investigation.

o Step 2. Remove and properly dispose of any hazardous materials from the
sump.
° Step 3. Install two-inch slotted (0.020-inch slot size) PVC vapor extraction

wells in and around the former PCE Degreasing Unit. Vapor extraction
wells should be installed using a hand auger, sand fill (20-30 mesh) in the
annulus, and a cement-bentonite slurry to seal the upper casing.

o Step 4. Install a skid-mounted explosion-proof blower, demister, and four
160-pound vapor phase activated carbon drums in series (with appropriate
sample ports and gauges). Wire for 230V, three-phase power. Connect
via a manifold with ball valves to each vapor extraction well and conduct
an extended vapor extraction test (VET) as the remediation begins.

. Step 5. Determine the vapor extraction treatment system radius and
analyze the concentration versus time data. Calculate removal rate and
carbon loading rate in pounds per hour and gallons per day.

o Step 6. Prepare a summary interim report describing the vapor extraction
system efficiency and estimated program (schedule) of operation based on
the factors previously discussed.

5.5.2 Source Control for Chromium

The former CrOH sand drying beds were closed in 1990. Approximately 1,230 tons of
chromium-contaminated soil and debris were removed and disposed of at the Chemical Waste
Management, Inc. facility in Emelle, Alabama. Although the unit could not be clean closed, the
majority of this source was effectively removed. This was evidenced by groundwater sampling
in monitoring wells 2SR and 2DR. Chromium levels since 1993 have decreased to below
detection limits in monitoring wells 2SR and 2DR

5.5.3 Source Control for SWMUs 7 and 46 VOCs

The virgin solvent tank and the spent solvent tank in the former Tank Farm Unit (SWMUs 7 and
46) were decommissioned in 1996. Approximately 5,000 gallons of spent solvents were
removed and disposed of at Fisher Industrial Service, 402 Webster Chapel Road, Glencoe, AL
(ALD 981020894). The unit could not be clean closed. However, a potential source of new
contamination from stored liquids was eliminated by tank removal.

Since clean closure was not possible, the Tank Farm Unit was closed and maintained as a
landfill. The secondary containment unit for SWMU 46, the virgin solvent storage tank was
converted into a concrete cap for the SWMU. The concrete cap will minimize rainfall
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infiltration through the solvent contamination in the area. In 1997, Bon L initiated recovery of
free-phase liquids found in test wells installed as part of a remediation pilot test. Remediation of
the unit, currently underway, consists of manual removal of free product, and in-situ
bioremediation.

5.5.3.1 Available Soil Treatment Options

Technologies available for remediation the contaminated soil zone at the Tank Farm Unit are the
same as those available for treatment of the PCE/TCE source. The primary differences at the
Tank Farm Unit are that the unit is outside of the plant, and that excavation and ex-situ treatment
of the soil were at least initially, a possibility. Soil removal and treatment were not considered in
this case, because the area was crucial to plant operations in that it supports a roadway allowing
access to much of the facility operations. Soil excavation would create a major slope
stabilization challenge.

The contaminants of concern at the Tank Farm Unit are toluene, xylene, naphthalene,
trimethylbenzene, and other non-halogenated solvents. Because of the volatility of these
compounds, Bon L initially considered a soil vapor extraction system as the most feasible soil
remediation alternative. A CAP describing a soil vapor extraction system was submitted to EPD,
and approved in June 1996. Pilot testing conducted as part of the SVE system indicated that in-
situ bioremediation would likely be a preferred alternative for soil remediation. Recent advances
in the field of in-situ bioremediation, coupled with the fact that soil vapor extraction merely
transfers contaminants to another medium for disposal, caused a revision of plans. At present, a
CAP describing the results of the pilot test and containing plans for a bioremediation system has
been submitted to EPD under a separate cover.

5.6 GROUNDWATER CONTROL FOR CHROMIUM AND PCE/TCE PLUMES
The groundwater corrective action system proposed in 1993 includes:

1. removing contaminated groundwater with a dewatering system and pumping the water to
a central location,

2. processing the water through an on-site treatment system to remove volatile organic

contaminants and chromium, and

disposal of the treated effluent in an acceptable manner.

4. As of January 2000, the chromium plume and secondary PCE/TCE plume have been
remediated and no longer exist. Therefore, the following sections only address
groundwater control alternatives for the primary PCE/TCE plume.

het

5.6.1 Groundwater Control Alternatives for Chromium and PCE/TCE Plumes

This section describes available groundwater recovery, groundwater treatment, and wastewater
disposal options. First, Section 5.6.1.1 discusses and evaluates groundwater recovery options.
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Second, Section 5.6.1.2 discusses and evaluates groundwater treatment options and is separated
into discussions about VOC treatment options and chromium treatment options. Finally, Section
5.6.1.3 discussed and evaluates available wastewater disposal options.

5.6.1.1 Groundwater Recovery Options

Two basic methods were considered for aquifer dewatering: 1) subsurface
drains, and 2) the use of remedial pumping wells.

5.6.1.1.1 Subsurface Drains

Drains are commonly used on sites where subsurface permeability is relatively low because
pumping wells cannot extract water at a significant rate without lowering the water table to
unacceptable levels. As an alternative, drains can dewater a large area without exceeding the
available drawdown. The main limitation of drains is that their installation using a conventional
backhoe is limited to about 12 to 16 feet. At the Bon L site, the depth to groundwater
contamination is generally too great for the application of drains.

5.6.1.1.2 Remedial Pumping Wells

The ability of remedial wells to extract the contaminated groundwater at the Bon L site or the
“yield” has been investigated in detail. The yield of individual wells will vary, as evidenced by
yields observed while bailing existing on-site monitoring wells. Some existing monitoring wells
yield almost no water, while others yield up to three or four gallons per minute (gpm). This
variability is due primarily to localized low permeability zones. In addition to these factors,
long-term pumping yields will also be affected by the thickness of the saturated zone. The
greater the thickness of the saturated layer of saprolite, the higher the yield that can be expected
at that location. Yields from new pumping wells constructed with five- or six-inch diameter
screens, and located within relatively thickly saturated areas, are expected to range from 1 to 7
gpm. Selected existing monitoring wells (deep wells) can be used in some instances, although
their yields will be in the low end of this range.

In developing a withdrawal system for the Bon L site, a range of well-pumping scenarios have
been investigated using capture zones calculated using the MODFLOW model. First, the
number of wells necessary to remove the contamination was estimated. Remedial well numbers
and locations were adjusted in a series of model runs intended to optimize capture zones. During
this process, the potential for using existing test wells as pumping wells was also evaluated.

Model runs were used to optimize the specific well layout to provide an adequate capture zone.
Drawdowns displayed the effects of constant head boundaries across the Bon L site. When a
discharge well was placed too close to a stream (e.g., just north of monitoring well 43S), very
little influence was predicted by the Model. When wells were placed further from constant head
boundaries, they tended to have greater drawdown radii. Wells located in areas where
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groundwater naturally converges, such as near monitoring wells 33D, 29S, and West Washington
Street Branch, had significant capture zones even when drawdowns were not very high.
However, discharge wells placed where groundwater diverges, such as near monitoring well
2SR, did not have significant capture zones. An exception is near 7D where a significant
drawdown is necessary to capture groundwater. Based upon the model simulations, seven
recovery wells discharging between 1 to 7 gpm each will reduce the further spread of
contamination and will provide a sound basis for groundwater remediation.

The specific objectives of the groundwater remediation system are to:

1. place recovery wells slightly downgradient of the areas showing the highest
concentrations of contaminants,

2. contain the plume and prevent or reduce migration,

3. place wells within the chromium plumes near monitoring wells 4S and 2SR. (These
former chromium plumes no longer exist.)

To accomplish the first objective, RW-1 was placed downgradient from the former PCE
Degreasing Unit and RW-4 was placed downgradient from the high VOC concentrations near
monitoring wells 29S and 35D.

To accomplish the second objective, RW-5 and RW-6 were placed perpendicular to groundwater
flow near the end of the on-site VOC plume. The placement of RW-2 and RW-5 (existing well
DW-2) meets the third objective.

In late 1997, Bon L installed 6 additional recovery wells, designated RW-8 through RW-13. The
locations of these wells were based on observations of the existing VOC plume, and were

selected to intercept VOCs migrating in groundwater. The new recovery wells were brought
online in March 1998.

The recovery well layout ultimately selected for this CAP includes existing test well DW-2, new
pumping wells, and the continued use of the spring and low point collector now in operation.
The recovery well layout is presented in more detail in Section 5.6.2.1.

5.6.1.2 Groundwater Treatment Options

Several treatment options were considered for treating volatile organics and chromium at the site.
For treating VOCs, three technologies were considered: air stripping (tower), diffused air
stripping, and carbon adsorption. The contaminants of concern are the permit VOCs. All of
these technologies are considered to be effective and reliable for this application.

Two treatment options were considered for treating chromium at the site. These options include
carbon adsorption and chemical treatment. Both of these technologies are effective and reliable
for this application. Carbon adsorption coupled with pre-treatment to remove suspended solids
by means of a settling tank and filters was ultimately selected based on the cost of initial startup,
annual operating costs, and ease of operation. Target effluent concentrations for NPDES permit
metals and permit organics are the groundwater protection standards for each parameter.
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Any of these systems will require pre-treatment to remove suspended solids by means of a
settling tank and filters.

5.6.1.2.1 Treatment of VOCs
5.6.1.2.1.1  Air Stripping

The air stripping process uses an intense air flux to volatilize dissolved VOCs from the
groundwater. A “packed” tower with countercurrent flow of air and water is the most efficient
method of air stripping. Contaminated water is introduced into the top of the tower, which is a
cylinder typically one to four feet in diameter and about 12 to 20 feet high. The water then flows
over an internal packing material as air is blown into the base of the tower and flows upward,
contacting the water. This causes a high level of turbulence and a very large surface area for
mass transfer. Volatile organics are transferred from the water to the air and carried out the top
of the column.

One criterion that defines the effectiveness of this method for particular contaminants is Henry’s
Law. It states that the partial pressure of gas or volatile compound in the air above an aqueous
solution is directly proportional to its concentration in the solution at equilibrium. As a rule of
thumb, compounds having a Henry’s Constant above ten atmospheres (atm.) are good candidates
for air stripping. For comparison, the compound of interest having the highest Henry’s Constant
is PCE (11000 atm.) and the lowest is benzene (240 atm.).

Currently the EPD Hazardous Waste Management Branch prohibits the use of air strippers
(without air treatment) because contaminated air is discharged to the atmosphere.

5.6.1.2.1.2  Diffused Air Stripping

This process is accomplished by injecting air into an aeration tank through a bubble diffuser.
Mass transfer is accomplished when the contaminants are transferred to the air at the water-air
interface of the air bubbles. This method is not as efficient as a packed tower because the
contact time with air is less. Recent studies have shown that the process is very dependent on the
diffuser used, because smaller air bubbles in higher concentrations are more efficient than larger,
less numerous air bubbles.

Currently the EPD Hazardous Waste Management Branch prohibits the use of air stripping
(without air treatment) because contaminated air is discharged to the atmosphere.

5.6.1.2.1.3 Carbon Adsorption

The carbon adsorption process involves passing water through activated carbon filters. In the

adsorption process, carbon contains an extensive maze of macro- and micro-scale pores, onto
which molecules physically bond to the carbon. Carbon is very effective in treating PCE and
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TCE and low concentrations of heavy metals. The carbon adsorption is a closed process that is
irreversible expect at high energy levels. Carbon can be regenerated through steam or thermal
reactivation, although its adsorption capacity is not restored to 100 percent.

Water is treated until the internal pores of the carbon become saturated with contaminant
molecules. As saturation increases, the effluent becomes increasingly contaminated. At
“breakthrough,” removal efficiencies decline and untreated VOCs would remain in the effluent.
As a result, periodic sampling of the effluent is required to ascertain when the carbon needs to be
replaced.

5.6.1.2.2 Treatment of Chromium
5.6.1.2.2.1 Carbon Adsorption

The carbon adsorption process for chromium (metals) is similar to the VOC adsorption
mechanism. Carbon is known to be effective for treating hexavalent chromium and is believed
to be similarly effective for treating trivalent chromium. In a hypothetical example, to treat a 30
gpm flow stream with contaminant concentrations of 80 ppb chromium, 200 ppb PCE, 20 ppb
TCE, 10 ppb toluene, and 5 ppb total xylenes, an ethylbenzene manufacturer suggests two sets of
two in-series canisters with a contact time of 10 minutes to reduce the chromium concentration
to below detection limits. This information was obtained from a manufacturer of carbon
adsorption units (American Norit Corporation). Based on chromium analyses performed during
the aquifer test at DW-2, much lower influent levels of chromium are expected. The 80 ppb
level was chosen to show the effectiveness of this treatment method.

5.6.1.2.2.2 Chemical Treatment

The chemical treatment method requires the construction of an integrated wastewater system
including chemical feed, mixing, equalization tanks, pH adjustment tank, flocculation tank,
clarifier, and final pH adjustment prior to discharge. The wastewater treatment system treats
chromium bearing wastewaters by adding lime or caustic to adjust pH for metal hydroxide
precipitation. The existing FO19 wastewater treatment system at Bon L could potentially serve
this purpose. However, the low concentrations of chromium in the groundwater at Bon L would
not warrant such an option.

5.6.1.3 Wastewater Disposal Options

Three options were considered for the disposal of treated wastewater effluent: 1) discharge to
the City of Newnan sewerage system, 2) discharge into the existing permitted outfall to Mineral
Springs Branch, and 3) discharge into a newly permitted outfall and into the existing permitted
outfall.

Discharge to the city sewer would require an industrial pretreatment discharge permit under the
Clean Water Act. According to the EPD, Newnan does not have an approved industrial
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pretreatment program as required by the Act, so Bon L would need a permit from the EPD as
well as approval from the City.

Bon L already discharges treated wastewater into Mineral Springs Branch under NPDES Permit
No. GA0000507, which became effective on January 23, 1990 (Appendix D). The proposed
effluent from this corrective action would not exceed any of the NPDES permit limits or
conditions or result in a violation of Georgia’s water quality standards. Therefore, Bon L
proposes to notify EPD of a modification to its wastewater and to discharge effluent from the
correction action treatment unit or units into the permitted outfall prior to the sampling and
metering station.

An additional discharge point may be permitted to allow for an additional treatment plant to
minimize the amount of water transfer around the site. This would reduce the number of
pumping stations and simplify the control system. However, because two effluent streams would
exist, more sampling would be required.

5.6.2 Selected Groundwater Control for Chromium and PCE/TCE Plumes

This section describes the selected groundwater recovery, groundwater treatment, and
wastewater disposal options. Section 5.6.2.1 describes the proposed groundwater collection
layout and the anticipated capture zones. Section 5.6.2.2 describes the selected groundwater
treatment system the anticipated influent parameters, and the methods for flow equalization and
sediment removal. Section 5.6.2.3 describes the proposed wastewater disposal system and the
necessary permit modifications for this system.

5.6.2.1 Selected Groundwater Control Recovery System

The components of the proposed groundwater withdrawal system, consisting of seven remedial
wells, the on-site spring, and the low point collector, are shown in Figure 18. In 1993 and 1994,
Bon L installed seven recovery wells. Bon L installed six additional recovery wells in 1997 and
1998. Figure 19 diagrams well construction. Recovery wells were constructed using six-inch
PVC pipe, with screens beginning five to ten feet below the water table and extending to the
bottom of the saturated interval of the shallow aquifer. The recovery wells were drilled to the
base of the saprolite aquifer with a 10.25-inch outer borehole. The gravel pack was tremied into
the recovery well annulus to provide good contact with the subsurface. The recovery wells were
equipped with one-half horsepower submersible pumps. One test well installed in 1993 was
converted into a pumping well by outfitting the well with the same type of pumps that will be
utilized in the new wells.

Remedial wells RW-5 and RW-6 are intended to intercept and prevent further contamination
from migrating beyond the facility boundary. Wells RW-1 and RW-4 are located in areas of
contamination downgradient of the areas exhibiting the highest concentration of VOCs along the
axis of the main plume. The spring and low point collector are expected to intercept
contamination in the Hillside Area and, eventually, the PCE underlying the main facility building
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to the northeast. RW-7 has been positioned downgradient of the property boundary to reduce
VOC concentrations within the off-site portion of the plume. Recovery well RW-3 will recover
VOCs in the small secondary plume north and west of the polishing pond. RW-8, RW-9, and
RW-10 were installed to intercept a portion of the plume immediately upgradient of their
location. RW-11 and RW-12 were installed to intercept any portion of the plume moving toward
the drainway downgradient of their location. RW-13 was installed south of West Washington
Road.

Figure 20 shows the steady-state water levels and capture zones expected, in 1993, after
continued pumping in the shallow aquifer. The flow lines on Figure 20 represented the area
captured by the pumping system. Groundwater inside the capture zone is removed by the
remediation system and treated. In 1996, a similar analysis of the actual water level patterns
observed by using the existing monitoring wells, and additional piezometers as needed, was
performed. Based on the 1996 analysis, Bon L installed additional recovery wells in 1997 and
1998 to achieve the capture zones stated in this plan.

5.6.2.2 Selected Groundwater Treatment System

Schematic flow diagrams for the groundwater collection system are shown on Figure 21.

5.6.2.2.1 Anticipated Influent Parameters

Table 8 shows the expected flow rate and the concentration of contaminants for each of the
recovery wells. This table shows present concentrations that are expected to decrease quickly
after the recovery system is in operation. Estimated flow rates were based on actual flow rate
data and hydrogeologic conductivity data. The actual flow rate may be less, but should not be
more than this amount. Therefore, these influent parameters are conservative for preliminary
design purposes. During the design phase of the project, single-well pumping tests on completed
recovery wells will be used to verify flow rates and size the necessary piping and pumps for the
system.

Based on these data, the expected total influent flow rate is about 45 gpm, and the VOC
concentration is approximately 195 pug/1 (total for all compounds). This is shown in Table 8.
Concentrations of all permit metals are expected to be minimal. This is based on chromium
levels being BDL during aquifer testing at test well DW-2, which is located within the chromium
plume at the CrOH landfill. The estimated amount of FOO1 and FO19 waste treated per year
based on the anticipated influent concentrations is approximately 18 pounds and 0.4 pounds,
respectively.

5.6.2.2 Flow Equalization and Sediment Removal

Most of the recovery wells produce low flow rates. The effluent flows into one equalization
tank (see Figure 18). A continuously operated pump and force main transport the influent
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directly into another equalization tank that is part of the water treatment system. Because of
proper recovery well construction and development, suspended solids are not a major problem.
The flow equalization tank provides adequate solids (sediment) removal prior to pumping to the
treatment unit. The tank has sufficient capacity for a minimum residence time of eight hours
based on the actual flow rate. The tank is a circular clarifier with an overflow weir discharging
to a wet well for the pump. This provides excellent solids removal prior to entering the treatment
system. The tank is manually cleaned of sediment as necessary, and the sediments disposed of as
hazardous wastes. Recovery wells are temporarily shut off once or twice a year for a day when
cleaning is required.

5.6.2.2.3 Activated Carbon Adsorption

Carbon adsorption units are installed as shown in Figure 21. These units are extremely effective
in removing low concentrations of organic and inorganic (metal) contaminants. The minimum
design contact time is ten minutes. The expected life of the primary carbon adsorption unit
based on 160 pounds of carbon at 20 percent efficiency and the influent flow rate and
concentrations listed in Table 8 is approximately 8 years. This is very conservative because the
influent concentrations typically decrease substantially during the years of extraction. Upstream
filters remove any solids.

5.7 CORRECTIVE ACTION MONITORING PLAN

A corrective action monitoring program will gauge the effectiveness of the corrective action.
The monitoring shall also be used to ensure that effluents from the treatment systems are within
acceptable limits.

571 Monitoring for Vapor Extraction System

Monitoring of the VOCs in the vapor extraction treatment system included sampling the influent
and effluent air on a monthly basis. In addition, a port between the two carbon units was
sampled to determine whether breakthrough had occurred. All measurements were made using a
photoionization detector (PID) calibrated to a PCE gas standard. In addition, flow rates at the
treatment plant were recorded and combined with the PID readings to determine mass removal
rates and total mass removed from the soil.

The vapor extracted from each well was tested with a PID at startup and on a monthly basis.
This data was used to maintain the optimum air flow configuration. In January 2000, this system
is operating eight hours per day, one day per week. Upon approval of the current permit
modification request, the system will be shut down, since the remediation goal was achieved.

5.7.2 Monitoring for Pump and Treat
5.7.2.1 Treatment System Influent/Effluent Monitoring
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Monitoring of permit metals and VOCs in the treatment system, including the influent and the
effluent, are performed to accurately gauge the total amounts of VOCs and metals treated and to
ensure that the effluent is below the Part B Permit's Groundwater Protection Standards.

Extracted water from each recovery well installed in 1993 and 1994 was sampled at the
beginning of the program and annually thereafter. Recovery well RW-2, which is located within
the former chromium plume but not one of the VOC plumes, was analyzed for permit metals;
and recovery well RW-6, located in both the former chromium plume and the VOC plumes, was
and will be analyzed for permit VOCs and permit metals. Recovery wells installed in 1997 are
tested for permit VOCs and, for permit metals. Long-term testing will be based on the results of
these samples.

5.7.2.2 System Operations Monitoring

Operational monitoring requirements for the groundwater pumping system include such things as
pump flow rate, pressure, and temperature. Additionally, system parameters such as fluid level
in the equalization tanks, total volume of effluent, physical condition of the recovery wells, and
status of carbon breakthrough are a few examples. Disposable items, such as filters, will be
checked regularly and replaced as necessary to optimize system efficiency.

Water level in the recovery wells, percentage of operational downtime, and other parameters
monitored will also be recorded on a weekly basis. The field data form is included as Figure 22.

5.7.3 Groundwater Monitoring
5.7.3.1 Corrective Action Monitoring

As per Section III.D.3.c of the Part B permit, groundwater samples will be collected semi-
annually from selected wells within and adjacent to all plumes of contamination and analyzed.
Previous semi-annual sampling has shown that the VOC plume is well contained within the
natural hydrogeologic boundaries. Samples will be collected from the following monitoring
wells:

Analyzed for Permit VOCs

2DR, 7D, 138, 20D, 21D, 24D, 278, 328, 36D, 39D, 40D, OS-1S, OS-3D, OS-5D, OS-8D,
BR-1, BR-3, and BR-6

5.7.3.2 Compliance Point Monitoring

As of July 1997, corrective action monitoring was being done at one hazardous waste
management unit, the CrOH landfill, and one hazardous waste management area, the CrOH sand
drying beds and surface impoundment unit. Monitoring wells 2SR, 48S, 49S, and 50S comprise
the point of compliance for the CrOH sand drying beds and the surface impoundment unit.
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Monitoring wells 4SR, 17D, 17S, and 19S comprise the point of compliance for the CrOH
landfill. From 1992 through December 1997, samples from these wells were collected quarterly
and analyzed for the permit metals and permit VOCs. Beginning in 1998, samples from these
wells were and will be collected semi-annually and analyzed for the permit metals and permit
VOCs. Monitoring wells 51S and 52S comprise the point of compliance for the former tank
farm unit. Beginning in December 1997, samples from 51S and 52S were collected quarterly for
the first year and are currently being monitored semi-annually for permit VOCs, permit metals,
and naphthalene. Monitoring well 13S will serve as the background well and will be sampled
each time other wells are sampled. Samples from 13S will be analyzed for the same parameters
as the other wells.

5.8 TERMINATION CRITERIA
5.8.1Termination Criteria for the SWMU-49 Vapor Extraction System

A target soil clean-up level of less than 50 ppb (as determined using EPA Method 8260) was
used to determine whether to request permission to shut down the system. The 50 ppb
termination criteria was used for several reasons:

e Dbecause this is the current LDR for PCE which is based on its ability to leach using the
TCLP test,

® because the area is capped with concrete inside a building, the leaching potential is low
due to the lack of rainwater infiltration, and

® Dbecause at 50 ppb, the contribution to soil vapors and groundwater is negligible.

In 1998, Bon L pursued testing under shutdown criteria for the vapor extraction system. These
criteria are described in “PCE DEGREASER CORRECTIVE ACTION PLAN AND VAPOR
EXTRACTION SYSTEM DESIGN REPORT” prepared by EMCON in 1994. A copy of this
report is attached as Appendix F. Criteria include testing of unfiltered off gasses at prescribed
time intervals, and soil sampling. Procedures, analytical results, and recommendations are
included in “FINAL CLOSURE PROCEDURES FORMER PCE/TCE DEGREASING UNIT”
prepared by Thomas W. Watson, Inc. in 1998. A copy of this report is attached as Appendix G.
In February 2004, at the request of Georgia EPD, Bon L conducted further testing of the system
off gasses. A description of the sampling protocol and analytical results are included as
Appendix H. All sampling conducted between 1998 and present indicate that the SVE system
has reached a point of asymptotic recovery. Therefore, we believe it has accomplished its design
objective. For this reason, Bon L will shut down the SVE system upon reissuance of the permit.

5.8.2 Termination Criteria for the Groundwater Extraction System

The primary objective of the recovery system is to remediate the groundwater until the Part B
Permit Groundwater Protection Standards for the VOCs are met. To meet this standard,
groundwater recovery will continue at each pumping well until the groundwater protection
standards are no longer exceeded. When each pump is turned off, the well will be resampled
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after three months to ensure that these levels are not exceeded in the pumped wells. After this
confirmation sampling event, the pumping well will be taken off the recovery system.
Groundwater remediation using the well field recovery system will be considered complete after
all recovery wells, compliance point wells, and monitoring wells within the contaminant plumes
meet the Groundwater Protection Standards. If the recovery well concentrations approach an
asymptotic level, Bon L will petition for a technical impracticability waiver. Reaching an
asymptotic level will indicate that no benefit is being gained from further pump and treat
methods, which may be cause by aquifer heterogeneities, contaminant absorption, or other
related factors.

5.9 Projection of Remediation Time Frames
5.9.1 Projection of Remediation Time Frames for the Vapor Extraction System

The goal of the vapor extraction system is to remove the bulk of the contaminants in the soils
underlying the former PCE Degreasing Unit. The monthly concentration and mass removal rate
data will be plotted against time to give a concentration trend. This trend will be extrapolated to
the point equal to the 10 ppm vapor concentration (termination point). This will provide an
estimate of the total remediation time for this system. However, Bon L’s request for final
shutdown of the system was based on confirmatory soil and soil gas sampling.

5.9.2 Projection of Remediation Time Frames for the Groundwater Extraction
System

One of the goals in 1994, the first year of operation, was to provide a preliminary projection of
the cleanup trends at the site. Two methods of analysis that lend themselves to the evaluation of
remediation time trends include time trend evaluation of water quality data at specific wells and
a more hypothetical evaluation of the rate of removal of chemical contaminants from the aquifer.
The second method results in projections based on mass loading reductions compared to source
loads.

During the first year of remediation, contaminant concentrations within each recovery well will
be plotted against time to give a concentration trend. This method, while useful, is often not
representative of long-term concentrations within each well due to the exponential decrease in
contaminant concentrations versus time.

An alternative method for projecting remediation time is to estimate cleanup based on the
removal of the mass quantities of contaminants present in the aquifer. This evaluation depends
on calculating the mass of contaminant present in the aquifer and the kinetics regarding source
areas.

An optimistic estimate of the time needed to achieve the cleanup goals can be made by knowing
the total mass of PCE in the groundwater and an average mass removal rate. This analysis
assumes the following:
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1. source areas don’t contribute to the mass of PCE in the groundwater,

25 pounds of PCE are contained in the groundwater at the site (EMCON, Groundwater

Assessment for VOCs, 1991),

extraction rates (disregarding the Hillside Area) will average 26 gpm,

4. the average concentration of the recovery well PCE effluent is the concentration
calculated in Table 8 (40 ug/1), and

5. the retardation coefficient for PCE at the site is approximately 3.

»

Based on these 1993 assumptions, it will require approximately 16 years to remediate the
groundwater for PCE. However, because the efficiency of the recovery system is likely to
diminish following initial plume capture and the removal of the highest concentration areas, the
projected time frame for remediation is longer.

5.10 REPORTING REQUIREMENTS

In addition to the reporting requirements specified in the Part B Permit, Bon L will submit semi-
annually to the EPD a report describing the status of the Corrective Action Program. These
reports will enable the state to assess the effectiveness of the program and provide their input on
any necessary modifications. The semi-annual report will include:

estimates of the plume direction and rate of movement,

laboratory analytical reports,

annual data regarding the amount of water treated from the recovery well system,
effluent concentrations of VOCs,

plume boundary map(s),

mass of PCE/TCE vapor extracted,

time trend graphs,

groundwater elevations for each well in the sampling event,

potentiometric map, defining recovery well capture zones and groundwater flow
directions,

isopleth maps, and

e groundwater recovery system inspection reports.

5.11 SCHEDULE FOR IMPLEMENTATION

The Corrective Action Plan was initiated in 1994 and modified in 1997. There are currently no
plans to modify the existing system.

5.12 FINANCIAL ASSURANCE

Bon L will use the “corporate guarantee” as the method for demonstrating financial
responsibility for corrective action associated with groundwater remediation of the chromium
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and VOC plumes. This includes costs for engineering design, equipment, installation of
remedial system, operations and maintenance, and monitoring.

This Corrective Action cost estimate will be kept on file by Bon L. The cost estimate will be
adjusted for inflation annually within 30 days after the close of Bon L’s fiscal year in accordance
with Georgia Rule 391-3-11-.10 (40 CFR §264.144 (b)). Whenever a change in the Corrective
Action Plan affects the cost of corrective action, the cost estimate will be adjusted within 30 days

after the revision to the Corrective Action Plan in accordance with Georgia Rule 391-3-11-.10
(40 CFR §264.144 (¢)).
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TABLE 1: OFF-SITE WATER SUPPLY WELLS SURVEY INFORMATION

WELL
NO.

OWNER

LATTITUDE

LONGITUDE

DEPTH
(FT)

CASING
DEPTH
(FT)

YEAR
DRILLED

ELEVATION
(FT)

McDowell Brothers
Pinehill Estates
Newnan

33 21' 52"

84 54' 10"

247

78

1974

800

McDowell Brothers
Pinehill Estates
Newnan

33 21" 47"

84 54' 19"

217

65

1975

820

J.W. Hughie
11 Beech St.
Newnan

3323 19"

84 49' 41"

320

70

1977

890

Fred L. Schronder
16 Beech St.
Newnan

3323 17"

89 49' 45"

255

65

1974

940

Garnett H. Shirley
132 Temple Ave.
Newnan

3323 17"

84 49' 46"

230

71

1972

920

Dixie Hill Enterprises
McDowell Brothers

W edgewood Subdivision
Newnan

33 23' 16"

84 49' 58"

unknown

unknown

1977

960

Dixie Hill Enterprises
McDowell Brothers
Wedgewood Subdivision
Newnan

3323 17"

84 50" 10"

187

31

1977

840

W estside School
Newnan

3322' 27"

84 49' 48"

302

113

1954

860

Roy E. Knox
Belt Rd.
Newnan

3322' 12"

84 49' 37"

136

19

1958

880

10

Bon L Manufacturing
Newnan

33 23' 43"

84 48' 02"

350

83.5

1958

960

1"

BPOE Club (Elks)
Atlanta Hwy. (Hwy. 29)
Newnan

33 23' 51"

84 47" 49"

265

72

1959

920

12

J.B. Peniston
128 Woodbine Cir.
Newnan

33 21' 43"

84 48' 12"

450

98

1957

950

13

Sam Willoughby
West Washington St.
Newnan

unknown

unknown

17

not cased

1905

unknown
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TABLE 5: SUMMARY OF HYDRAULIC CONDUCTIVITY DATA

WELL NO. TEST METHOD HYDRAULIC CONDUCTIVITY
ft/min ft/day
1S Steady State Flow Test' 7.5x 10™ 1.1
1D Steady State Flow Test' 9.0 x 107 1.3
3S Steady State Flow Test! 2.3x107 3.3x 107
4S Steady State Flow Test' 1.5 x 1073 2.15
5S Steady State Flow Test' 3.2x 107 0.046
6S Steady State Flow Test' 1.1 x 107 2.07
7S Steady State Flow Test' 2.0x 1073 2.89
7S Slug Test? 1.37 x 1072 19.77
7D Steady State Flow Test' 2.3x10™ 0.33
7D Slug Test? 7.6 x 10™* 1.09
8S Steady State Flow Test' 2.0x 10™ 0.28
8D Steady State Flow Test! 5.7 x 107 0.82
9s Steady State Flow Test' 9.9 x 10™ 1.43
9s Slug Test® 3.4 x 107 4.9
9D Steady State Flow Test' 7.3x 10" 1.05
9D Slug Test? 3.4 x 107 0.05
11S Steady State Flow Test' 4.4 x 10™ 0.63
12D Slug Test? 5.0 x 10™ 0.72
12S Slug Test? 3.0 x 10°° 4.32
13S Steady State Flow Test' 3.3x 107 4,73
13S Slug Test? 1.8 x 1073 2.59
14S Steady State Flow Test' 9.8 x 10™ 1.42
15S Steady State Flow Test' 3.2 x 10™ 0.46
15S Slug Test? 5.3x 107 7.63
15D Steady State Flow Test' 6.2 x 107 0.89
15D Slug Test? 2.0x 10™ 0.29
16S Steady State Flow Test! 2.7 x 10° 3.86
16D Steady State Flow Test' 3.4 x 107 0.048
17S Steady State Flow Test' 1.4 x 107 19.84
17D Steady State Flow Test! 1.4 x 10™ 0.2
26D Slug Test? 1.7 x 1073 2.48
GROUNDWATER CORRECTIVE ACTION TABLES PAGE 9 OF 13



TABLE 5: SUMMARY OF HYDRAULIC CONDUCTIVITY DATA

WELL NO. TEST METHOD HYDRAULIC CONDUCTIVITY
ft/min ft/day
26S Slug Test? 5.8 x 107 0.08
27S Steady State Flow Test' 1.2 x 107 1.69
27D Steady State Flow Test' 1.5x 1073 2.18
27D Slug Test? 7.5x 10™ 1.08
32D Slug Test? 8.9 x 107 0.13
40D Slug Test? 3.9x 107 5.65
41D Slug Test? 1.6 x 1073 2.35
43S Steady State Flow Test' 1.3x 107 1.85
44D Steady State Flow Test' 1.4 x 1073 2
44S Steady State Flow Test' 3.8 x 10" 0.54
0S3S Slug Test? 5.9 x 10™ 0.85
0S3D Slug Test? 8.1x 10™ 1.17
2SR Slug Test? 1.7 x 1073 2.52
2DR Slug Test? 4.6 x 107 0.66
DW1 Slug Test? 1.7 x 10™* 0.25
DW2 Slug Test? 9.3x 107 13.43
DW2-T5 Aquifer Test’ 2.5x 107 35.45
DW2-T6 Aquifer Test 1.9 x 1072 27.36
PW1-PZ4 Aquifer Test* 9.4 x 10™ 1.15
PW1-MW2S Aquifer Test* 1.5x 1073 2.25
Notes: 1. Pseudo-Steady State Drawdown, Assessment of Potential Sources of
release of Volatile Organic Compounds, SES, 1991.
2. 2.Slug Tests performed by EMCON Southeast, 1992 (Appendix B)
3. 3.Slug Tests, Part B Permit Application, 1992
4. 4.Aquifer Test, ATEC, 1991 (Appendix B)
5. 5.Aquifer Test, EMCON Southeast, 1992 (Appendix B

GROUNDWATER CORRECTIVE ACTION TABLES

PAGE 10 OF 13
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ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 8S2-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

‘ANALYTICAL SERVICES, INC.
TASI

LABORATQRY REPORT

William L. Bonnell Co. Inc. July 16, 1982

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-1

Sample: Groundwater, 0SéD, 6/15/92, 1230hrs, received 6/18/92

RESULTS

Detection

Result e feimit
pH (on site) (EPA 9040) ... .ccvevennnn. feeennan 5.01 -

Specific Conductance (umhos/cm)

{ (EPA 5050) (on (=31 oF -3 [ i eana s 1820 1
=" Temperature (°C)(EPA 170.1)(on site).......-.. 20 -
Tetrachlorcethene (ug/l) (EPA 8260)........... BDL 2
Trichloroethene (ug/l) (EPA 8260)..... veveen . BDL 2
Ethylbenzene (ug/l) (EPA 8260)......... e BDL 2
Toluene (ug/l) (EPA 8260).....0unuu- it BDL 2
¥ylenes (ug/l) (EPA 8260)...¢.cc0ccuccrans o oan BDL 5

BDL - Below Detectilion Limit

Respectfully submitted,

By: ;Z . /Q .

cc: Mr. Dave Buchalter

A Unit of American Analytical Services, Inc.
22 d B2 268 ONI‘S3DIAMIS WIILATENG tB:1T 6. P2 Mol



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

IASI ANALYTICAL SERVICES, INC.

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-2

Sample: Groundwater, 088D, 6/15/92, 1100hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) . i v i i it iii i eeenrnnnnns 6.40 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Site) .u i iiensnnnennnsnnns 30 1
Temperature (°C)(EPA 170.1)(on site)......... 21 -
Tetrachloroethene (ug/l) (EPA 8260) c.ciueusnn BDL 2
Trichloroethene (ug/l) (EPA 8260) cueeensnsonns BDL 2
Ethylbenzene (Ug/Ll)(EPA 8260) .. ¢:cerennsananrs BDL 2
Toluene (Ug/1) (EPA 8260) ctvvreunnnenenennnenns BDL 2
Xvlenes (ug/l) (EPA B8260) .. ... encanrnnsas BDL 5

BDL - Below Detection Limit

Regspectfully submitted,

o &W—a’v /Cjﬁo‘“

A Unit of American Analytical Services, Inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

\-/!ASI ANALYTICAL SERVICES, INC.

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-3

Sample: Groundwater, 054D, 6/15/92, 1150hrs, received 6/18/92

RESULTS
Detection
Result Limit
pPH (on site) (EPA 9040) .. .uvvrvnrvneennnnnonns 6.19 -
Specific Conductance (umhos/cm)

(EPA 9050)(on site).....vivienvenennnns 160 1
Temperature (°C)(EPA 170.1) (on site)......... 20 -
Tetrachloroethene (ug/l) (EPA 8260} ........... 31 2
Trichlorocethene (ug/l) (EPA 8260} ...ccaceersss 3 2
Ethylbenzene (ug/l) (EPA B260)....cceeeevvonnn BDL 2
Toluene (ug/l) (EPA B260) ..cccertseecnsvonnnars BDL 2
Xylenes (ug/l) (EPA 8260).......0c0eiivecnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By QM/W

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

’ ' ANALYTICAL SERVICES, INC.
'ASI

LABQRATORY RFEPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O0. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-4

Sample: Groundwater, 085D, 6/15/92, 1400hrs, received 6/18/92

RESULTS
Detection
Result Limit
pPH (on site) (EPA 9040) ... ittt innennonannns 6.84 -

. Specific Conductance {umhos/cm)

p— (EPA 9050) (on site)...... ..o 70 1
Temperature (°C)(EPA 170.1) (on site)......... 18 -
Tetrachloroethene {(ug/l) (EPA 8260)...¢¢000as BDL 2
Trichloroethene (ug/l) (EPA B260)...ccc0eeeens BDL 2
Ethylbenzene (ug/l) (EPA 8260).....cc00c0eu... BDL 2
Toluene (Ug/l) (EPA B260)...ccvececvececcsnnnn BDL 2
Xylenes (ug/1) (EPA 8260) .c.eenvrcennenannnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

i Doniar A [ Jen

A Unit of American Analytical Services, Inc.



‘ [ ANALYTICAL SERVICES, INC.
TASI

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
380 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 882-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-5

Sample: Groundwater, Hillside Spring, 6/15/92, 1430hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ..cvvvennncnenannasnnns 4.60 -

c Specific Conductance (umhos/cm)

— (EPA 9050) (0N Site).cvueerueeernnneneonns 280 1
Temperature (°C) (EPA 170.1) (on site)......... 24 -
Tetrachloroethene (ug/l) (EPA 8260)........... 440 2
Trichloroethene (ug/l) (EPA 8260} ..ccvvesnrven 7 2
Ethylbenzene (ug/l) (EPA 8260).....c0vcvrcrens BDL 2
Toluene (Ug/1l) (EPA 8260)...ccv v tianenees BDL 2
Xylenes (ug/l) (EPA 8260)....cecuiuvesnrcrnanns BDL 5

BDL. - Below Detection Limit

Respectfully submitted,

BY: /) giat //j}cu;..

A Unit of American Analytical Services, tnc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

V[ASI ANALYTICAL SERVICES, INC.

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATQORY REPQRT

William L. Bennell Co. Inc. July 16, 1992
PO Box 428
25 Bonnell Street
Newnan, GA 30264 P.0O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-6
Sample: Groundwater, Low Point Collector, 6/15/92, 1435hrs, received
6/18/92
RESULTS
Detection

Result Limit
PH (on site) (EPA 9040) ...cccieinnnnneeennnnen 5.92 -
Specific Conductance (umhos/cm)

(EPA 9050)(on site)......ccvvvinvecunnnnsn 390 1
Temperature (°C)(EPA 170.1) (on site)......... 25 -
Tetrachloroethene (ug/l) (EPA B260)......v.... 11 2
Trichlorocethene (ug/l) (EPA 8260)....:cceresn- BDL 2
Ethylbenzene (ug/l) (EPA B260) e vvtecresraonan BDL 2
Toluene (Ug/l) (EPA 8260} ...t verrenoascann 21 2
Xylenes (ug/l) (EPA B260).......cvverrvvennnns 24 5

BDL - Below Detection Limit

Respectfully submitted,

By: &W A e

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

, ANALYTICAL SERVICES, INC.
[ASI

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)}892-2740 @ Federal |.D. #58-1625655

LABQRATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 20264 P.0O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-7

Sample: Groundwater, 0S7D, 6/15/92, 1615hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) . ...t evinrnanennroens 6.01 -
Specific Conductance (umhos/cm}

(EPA 9050} {ON S1te)..cvermcnrneannnnnnnns 70 1
Temperature (°C) (EPA 170.1) (on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260})........... BDL 2
Trichlorcethene (ug/l) (EPA 8260)...cccessurenen BDL 2
Ethylbenzene (ug/l) (EPA 8260).....0000ctsevnn BEL 2
Toluene (ug/l) (EPA 8260) ....ceeenecossesonens BDL 2
Xylenes (ug/l) (EPA 8260)..ccuceevennccercnns BDL 5

BDIL. - Below Dbetection Limit

Respectfully submitted,

B () iae o, 10

A Unit of American Analytical Services, inc.



[ASI ANALYTICAL SERVICES, INC.

j [ ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
— 390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.O. No. 1.,2026.05
Attention: Mr. Terry Snell Report No. 35645-8

Sample: Groundwater, 19D, 6/15/92, 1715hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (On Site) (EPA 9040) cvveerneevnncnnneenenns 6.32 -

. Specific Conductance (umhos/cm)

N (EPA 9050) (ON SIte) «evvrvnerennnsoeennnn. 600 1
Temperature (°C) (EPA 170.1) {(on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260)........... 70 2
Trichlorcethene (ug/l) (EPA 8260)..:sceeus. N 28 2
Ethylbenzene (ug/1l) (EPA 8260)......cccueunvens BDL 2
Toluene (UG/1l) (EPA 8260) .c.ciuvarrrrnenuennnas BDL 2
Xylenes (ug/l) (EPA 8260).....ccvvnrececncnan BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By: Cf:%gwgzz A(fﬁiéékﬂ

A Unit of American Analytical Services, inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-B144
FAX (404)892-2740 @ Federal |.D. #5B-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-9

Sample: Groundwater, 9D, 6/16/92, 0830hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ... . tittenrnsnnnannn 6.31 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Site) .veusennreererannsnens 110 1
Temperature (°C)(EPA 170.1) (on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Trichloroethene (ug/l) (EPA 8260).....00ccern. BDL 2
Ethylbenzene (ug/l) (EPA 8260} ....ccccvivnnrnnn BDL 2
Toluene (Ug/1l) (EPA B8260) ...t itnencncsnsnss BDL 2
Xylenes (ug/1l) (EPA 8260) cuccuurvvroneansnenns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By (QW»% (et

A Unit of American Analytical Services, Inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 882-8144

FAX {404)892-2740 ® Federal [.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc.
PO Box 428

25 Bonnell Street

Newnan, GA 30264

Attention: Mr. Terry Snell

July 16, 1992

P.0. No, 1.2026.05

Report No. 35645-10

Sample: Groundwater, 95, 6/16/92, 0815hrs, received 6/18/92

RESULTS

PH (on site) (EPA 9040) ... vu v eennvsscnsssanes
Specific Conductance (umhos/cm)

(EPA 9050)(on site}....vvviieiininenns
Temperature (°C)(EPA 170.1) (on site).........
Tetrachlorcethene (ug/l) (EPA 8260} ...........
Trichloroethene (Ug/1) (EPA 8260) .¢..vivvessas
Ethylbenzene {ug/l) (EPA 8260} .....0004s0000. .
Toluene {(ug/l) (EPA 8260} ....cc.ctttsrassennns
Xylenes (UQ/1) (EPA 8260) cuuveunrnernorononnsns

Detection

Result Limit

20

18
BDL
BDL
BDL
BDL
BDL

5N SIS S SR

BDL - Below Detection Limit

Respectfully submitted,

8Y: Dpiat A (i

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal L.D. #5B-1625655

| ANALYTICAL SERVICES, INC.
[ASI

LABORATQORY REPORT

William L. Bennell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.0O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645=11

Sample: Groundwater, 21D, 6/16/92, 0930hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ... c.civninnnnaneanocses 6.56 -
Specific Conductance (umhos/cm)

St (EPA 9050) (on site) ..o iiinnvenans 30 1
Temperature (°C)(EPA 170.1) (on site)......... 18 -
Tetrachlorcethene (ug/l) (EPA 8260).....-v.c... BDL 2
Trichloroethene (ug/l) (EPA 8260)....0tvenvenn BDL 2
Ethylbenzene (ug/l) (EPA 8260).......0 00 vnnnen BDL 2
Toluene (ug/1l) (EPA B260) .. .vc vt vasrnnnsann BDL 2
Xylenes {(ug/l) (EPA 8260} ......000ieeenvecnsss BDL 5

BDL. - Below Detection Limit

Respectfully submitted,

21 pmiar A K

A Unit of American Analytical Services, Inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABQRATQORY REPORT

wWilliam L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-12

Sample: Groundwater, 218, 6/16/92, 0915hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ....c.ucuuinernnnnenns 6.20 -
Specific Conductance (umhos/cm)

(EPA 9050) (on Site).icuerniinrornnenen 140 1
Temperature (°C) (EPA 170.1) (on site}......... 19 -
Tetrachloroethene (ug/l) (EPA 8260}........... BDL 2
Trichloroethene (ug/l) (EPA 8260).....00cvvenn BDL 2
Ethylbenzene (ug/l) (EPA 8260)......ccuvvenen-. BDL 2
Toluene (ug/l) (EPA 8260) ... ceveeierocncennnn BDL 2
Xylenes (ug/l) (EPA 8260).....cccvervrranenvons BDL 5

BDL - Below Detection Limit

Respectfully submitted,

2 opiar A (Jecen

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE ® ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

] ANALYTICAL SERVICES, INC.
TASI

LABCRATORY REPORT

William L. Bonnell Co. Inc. . July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-13

Sample: Groundwater, 24D, 6/16/92, 1100hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)....couterensnrennennns 5.36 -
. Specific Conductance (umhos/cm)

e (EPA 9050) (0N Site) ... cieiiiianarineennnn 30 1
Temperature (°C)(EPA 170.1){(on site)......... 20 -
Tetrachloroethene (ug/l) (EPA 8260)........... EBDL 2
Trichloroethene (ug/l) (EPA 8260} .....c00ueenn BDL 2
Ethylbenzene (ug/l) (EPA 8260)......ccvvevnnsn BDL 2
Toluene (ug/l) (EPA 8260) ... ccuuurnnnnnennnnns BDL 2
Xylenes (ug/l) (EPA B8260) ... cevvveeiivinnans BDL 5

BDL - Below Detection Limit

Respectfully submitted,

ot S Dpien A (D

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE ® ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 ® Federal |.D. #58-1625655

\..,'AS| ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 1.2026.,05

Attention: Mr. Terry Snell Report No. 35645-14

sample: Groundwater, 37D, 6/16/92, 1215hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040} .. .cetivuurrnnnnnnanuns 5.78 -

; Specific Conductance (umhos/Cm)

N (EPA 9050) (ON Site).uevererireeneennnennns 150 1
Temperature (°C)(EPA 170.1) (on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260)...ccecuvn BDL 2
Trichloroethene (ug/l) (EPA 8260).....c0cvrenns BDL 2
Ethylbenzene (ug/l) (EPA 8260} ......0c00eevnann BDL 2
Toluene (Ug/1) (EPA B260) .cueeeennceronnseenns BDL 2
Xylenes (ug/l){(EPA 8260)........ vt reernnans BDL 5

BDI, - Below Detection Limit

Respectfully subnitted,

By: ‘/_OM'G/W

A Unit of American Anaiytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.0. #58-1625655

| ANALYTICAL SERVICES, INC.
[AS]

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.0O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-15

Sample: Groundwater, 36D, 6/16/92, 1415hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040} ... .. tevieennrnnrvenn 5.86 -
L Specific Conductance (umhos/cm)

(EPA 9050) (ON Sif@).vueusneronoencnrnrnns 80 1
Temperature (°C){(EPA 170.1) (on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260).......¢... BDL 2
Trichloroethene (ug/l) (EPA 8260)....4ceveess BDL 2
Ethylbenzene (ug/l) (EPA 8260).....cvveverenn BDL 2
Toluene (ug/l) (EPA 8260)...cccverrsrcscacnnn BDL 2
Xylenes (Ug/1) (EPA 8260) ...veeevnreronnncnnnn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By ,&M &7/5"")‘

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

| ANALYTICAL SERVICES, INC.
IAsI

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)8592-2740 ® Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnah, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-16

Sample: Groundwater, 3S, 6/16/92, 1545hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ... i iiernvneannanens 7.19 -
Specific Conductance {(umhos/cm)

(EPA 9050) (ON Site)...vveruenennnnnns e 860 1
Temperature (°C)(EPA 170.1) (on site)......... 23 -
Tetrachloroethene (ug/l) (EPA 8260)..c00canees BDL 2
Trichloroethene (ug/l) (EPA B260) ..+ eesrsn BDL 2
Ethylbenzene (ug/l) (EPA 8260)....¢cvcccevunnns BDL 2
Toluene (ug/l) (EPA 8260) ... i ieesesncnavuasss - BDL 2
Xylenes (ug/1) (EPA B8260).cussncrrrnnsonsoesns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

BY:JW/@M

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 ® (404) 892-8144
FAX (404)892-2740 @ Federal }.D. #5B-1625655

| ANALYTICAL SERVICES, INC.
A8

LABORATORY REPQRT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-17

Sample: Groundwater, 27D, 6/16/92, 1515hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) v vverraunnerecnrsonns 4.74 -

. Specific Conductance (umhos/cm)

— (EPA 9050) (0N Site).wverrenrinenennnennns 150 1
Temperature (°C) (EPA 170.1) (on site)......... 22 -
Tetrachloroethene (ug/l) (EPA 8260)........... 98 2
Trichlorocethene {ug/l) (EPA 8260) ... .vcvveeen 3 2
Ethylbenzene (ug/l) (EPA 8260)....c0vecvosvnnn BDL 2
Toluene (ug/l) (EPA 8260} ....cievrnrenccccnnns BDL )
Xylenes (ug/l)} (EPA 8260} ....cccrvevsierennnnn BDL 5

BDL, - Below Detection Limit

Respectfully submitted,

i f Jpuiier o (Do

A Unit of American Analytical Services, Inc.



ANALYTICAL SERVICES, INC.

ASI

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144

FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc.
PO Box 428

25 Bonnell Street

Newnan, GA 30264

Attention: Mr. Terry Snell

Sample: Groundwater, 2DR, 6/16/92, 153¢hrs,

July 16, 1992

P.O. No. 1,2026.05
Report No. 35645-18

received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ... arenerevnnenans 6.14 -

i Specific Conductance (umhos/cm)

N (EPA 9050) (on site).....vviiionninnns 3960 1
Temperature (°C)(EPA 170.1) (on site}......... 23 -
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Trichloroethene (ug/l) (EPA 8260).......c00vun BDL 2
Ethylbenzene (ug/l) (EPA 8260).....cc0nccev.ns BDL 2
Toluene (ug/l) (EPA 8260).....ccccevvcenecnenn BDL 2

BDL 5

Xylenes (ug/l) (EPA 8260) ....ccovecnvevenanns

BDL - Below Detection Limit

Respectfully submitted,

BY: <£:29“23L4f4%,f225°;“

A Unit of American Analytical Services, Inc.



_ASI

ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404} 892-8144

FAX (404)892-2740 @ Federal [.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc.
PO Box 428

25 Bonnell Street

Newnan, GA 30264

Attention: Mr. Terry Snell

Sample: Groundwater, 15D, 6/17/92, 0845hrs,

July 16, 1992

P.O. No. 1.2026.05
Report No. 35645-19

received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) .....ccvivtnnnnnnenanas 5.78 -

; Specific Conductance (umhos/cm)

N (EPA 9050)(on site)...cveviiiineaan. 610 1
Temperature (°C) (EPA 170.1)(on site)......... 20 -
Tetrachloroethene (ug/l) (EPA 8260)....0000... 2 2
Trichloroethene (ug/l) (EPA 8260) . ..ccceesusnnn BDL 2
Ethylbenzene (ug/1l)(EPA 8260)......cc0veevenn BDL 2
Toluene (ug/l) (EPA 8260)....ccvvrvevceracenns BDL 2
Xylenes (ug/l) (EPA 8260) ... 0vccecvensnecenns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

e QM o Do

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 832-8144
FAX (404)892-2740 ® Federal 1.D. #58-1625655

[ ANALYTICAL SERVICES, INC.
|ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-20

Sample: Groundwater, 7D, 6/17/92, 0940hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ...t ivenenrnrcnvnans 5.78 -
Specific Conductance (umhos/cm)

— (EPA 9050) (On Site)...vieeeneorennnaannns 1020 1
Temperature (°C) (EPA 1706.1) (on site) e 20 -
Tetrachloroethene (ug/l) (EPA 8260)........... 19 2
Trichlorocethene (ug/l) (EPA 8260) ... .0t cnnenn BDL 2
Ethylbenzene (ug/l) (EPA 8260)......c0vvevnnnn BDL 2
Toluene {(ug/l) (EPA 8260) ... . .verncervrennenn BDL 2
Xylenes (Ug/1l) (EPA 8260) .. cueruocnrvnnennnen BDL 5

BDL - Below Detection Limit

Respectfully submitted,

o Deive d [Zeckn

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATCORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404) 892-8144
FAX (404)892-2740 ® Federal .D. #58-16825655

| ANALYTICAL SERVICES, INC.
TASI

LABORATORY REPQRT

William L. Bonnell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.O. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-21

sample: Groundwater, 31D, 6/17/92, 1015hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) ... vt iruninnranncnnanns 6.38 -

‘ Specific Conductance (umhos/cm)

N * (EPA 9050) (ON Sit@) . eerrerrerereeoaaaeenns 540 1
Temperature (°C)(EPA 170.1) (on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260).....c000n 170 2
Trichlorcethene (ug/l) (EPA 8260).....c0004... 120 2
Ethylbenzene (ug/l) (EPA 8260} .......c0000n . BDL 2
Toluene (Ug/l)(EPA 8260} ... -t irvserennns BDL 2
Xylenes (ug/l}{(EPA 8260)......ccceenrnencncennn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

B Depiae A Db

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal 1.D. #58-1625655

] ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Beonnell Street

Newnan, GA 30264 P.O. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-22

Sample: Groundwater, 6D, 6/17/92, 1115hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) .....c0veernnnns e 5.01 -~

‘ Specific Conductance (umhos/cm)

N (EPA 9050) (ON SIT@) . evvuneesnnoneennnnnss 1820 1
Temperature (°C)(EPA 170.1)(on site)......... 20 -
Tetrachlorocethene (ug/l) (EPA 8260).......cv.s 3 2
Trichloroethene {ug/l) (EPA 8260)......40..... BDL 2
Ethylbenzene (ug/l) (EPA 8260).......c00tutinn BDL -2
Toluene (Ug/1l) (EPA 8260) ..+ v ssnsenonnnans "BDL 2
Xylenes (ug/l) (EPA 8260).....¢cceveeecrrianan BDL 5

BDL. - Below Detection Limit

Respectfully submitted,

By «QM/ (een

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

[ ANALYTICAL SERVICES, INC.
'ASI

LABORATORY REPQRT

william L. Bonnell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.0O. No, 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-23

Sample: Groundwater, 465, 6/17/92, 1100hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)......covuievmnnenacnnn 6.55 -

: Specific Conductance (umhos/cm)

- (EPA 9050) (on Site)....vivennerniennanns 1880 1
Temperature (°C)(EPA 170.1) (on site)......... 20 -
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Trichloroethene (ug/l) (EPA 8260)....ccee0eu-n BDL 2
Ethylbenzene (ug/l) (EPA 8260)......cccernvenn BDL 2
Toluene (Ug/1l) (EPA 8260)......ccvvveennannnns .BDL 2
Xylenes (ug/l) (EPA 8260).....c.cvvecevenannnns BDL 5

BEDL - Below Detection Limit

Respectfully submitted,

e rpieen oo

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

‘ASI ANALYTICAL SERVICES-, INC.

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D, #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-24

Sample: Groundwater, 29D, 6/17/92, 1145hrs, received 6/18/92

RESULTS
Detection
Result Limit
pPH (on site) (EPA 9040) ... enuenernanensnns 5.44 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON S1te) . uuivrvrrnreneennnnnnn 490 1
Temperature (°C)(EPA 170.1) (on site)......... 19 -
Tetrachlorocethene (ug/l) (EPA 8260)....400v.-- 380 2
Trichloroethene (ug/l) (EPA 8260)..¢ccvuvavens 22 2
Ethylbenzene (ug/l) (EPA 8260} ......ccccvnennn BDL 2
Toluene (Ug/l}(EPA 8260} ......cccecveeneneens BDL 2
Xylenes (ug/l}(EPA 8260)....cueccivencnnconns BDL 5

BDL -~ Below Detection Limit

Respectfully submitted,

L pian A Lo

A Unit of American Analytical Services, Inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
350 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

| ANALYTICAL SERVICES, INC.
IASI

LABCRATORY REPORT

wWilliam L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 1.2026.05

Attention: Mr. Terry Snell ' Report No. 35645-25

Sample: Groundwater, 40D, 6/17/92, 1430hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) .. vuenrnenannnnnnenenn 4.16 -
Specific Conductance (umhos/cm)

S (EPA 9050)(on site)...... i 230 1
Temperature (°C)(EPA 170.1) (on site}......... 21 -
Tetrachloroethene (ug/l) (EPA 8260).....cc000 380 2
Trichloroethene (ug/l) (EPA 8260)......cc000.. 34 2
Ethylbenzene (ug/l) (EPA 8260).......ccc0uenvene BDL 2
Toluene (ug/1l) (EPA 8260) ..ttt ttinnsncnannnnss BDL 2
Xylenes (ug/l) (EPA 8260} ...+ cctvevnnnnannnn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

v &Wﬁ (ecen

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

( ANALYTICAL SERVICES, INC.
TASI

LABORATORY REPQORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-26

Sample: Groundwater, 39D, 6/17/92, 1520hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ... cceeerinecnannnorns 5.33 -
w Specific Conductance (umhos/cm)

(EPA 9050) (0N SIite).cvevneiuinnrnennnenns 130 1
Temperature (°C) (EPA 170.1) (on site)......... 20 -
Tetrachloroethene (ug/l) (EPA 8260)........... 4 2
Trichloroethene (ug/l) (EPA 8260).......0..... BDL 2
Ethylbenzene (ug/l) (EPA 8260} ......000cese.n BDL 2
Toluene (ug/l) (EPA 8260).....cccvvcriiaccnnnns ‘BDL 2
Xylenes (ug/l) (EPA 8260) ....cvvnvecinarennenn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

3 iaed [Doem

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

V’ASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No., 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-27

Sample: Groundwater, 12D, 6/17/92, 1620hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA G040) . .uueuerronreasnronsens 4.36 -

; Specific Conductance (umhos/cm)

- (EPA 9050) (ON Sit@)eeevuunerrunrenennness 1880 1
Temperature (°C)(EPA 170.1) (on site}......... 20 -
Tetrachlorocethene (ug/l) (EPA 8260)......c¢.n BDL 2
Trichloroethene (ug/l) (EPA 8260)....¢c.u00ene.. BDL 2
Ethylbenzene (ug/l) (EPA 8260)......cccvevvnnn BDL 2
Toluene (ug/l) (EPA 8260).....civerectsennnnn BDL 2
Xylenes (ug/l) (EPA 8260)......cc0ecscencnnncns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

Y i o Do

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

| ANALYTICAL SERVICES, INC.
_'ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992
PO Box 428

25 Bonnell Street
Newnan, GA 30264 P.0O. No. 1.2026.05
Attention: Mr. Terry Snell ' Report No. 35645-28

Sample: Groundwater, 478, 6/17/92,.1600hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) .4 iuiesenceencasnosnonss 6.12 -
Specific Conductance {(umhos/cm)

N (EPA 9050) (ON Site@) . erunvavuaneeenrvunnns 1310 1
Temperature (°C)(EPA 170.1) (on site}......... 21 -
Tetrachloroethene (ug/l) (EPA 8260)........... 290 2
Trichloroethene (ug/l) (EPA 8260)....ccceennn 61 2
Ethylbenzene (ug/l) (EPA 8260).......c0cevcv.n BDL 2
Toluene (Ug/l) (EPA 8260) ¢ e s eecvroenesnss BDL 2
Xylenes (ug/l) {EPA 8260) ... .40 itcirnrnnnnnnn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

Y Sise o Qo

A Unit of American Analytical Services, Inc.



ANALYTICAL SERVICES, INC.

_ASI

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144

FAX (404)892-2740 @ Federal I.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc.
PC Box 428

25 Bonnell Street

Newnan, GA 30264

Attention: Mr. Terry Snell

Sample: Groundwater, 42S, 6/18/92, 103Chrs,

RESULTS

pH (on site) (EPA 9040) ... 0 vnenacenrnnnnen
Specific Conductance (umhos/cm)
(EPA 9050} (on site)...cviuvrenonannnns

Temperature (°C) (EPA 170.1) (on site)........

Tetrachlorcethene (ug/l) (EPA 8260)..........
Trichloroethene (ug/l) (EPA 8260)............
Ethylbenzene (ug/l) (EPA 8260).......c.0cun.nn
Toluene (Ug/L)(EPA 8260) ... v eeeenoennns
Xylenes (ug/l)(EPA 8260) ... ...t iveronnnns

July 16, 1992

P.O. No. 1.2026.05
Report No. 35645-23

received 6/18/92

Detection
Result Limit

7.02 -

[us]

[w)

(o
TN NN | &

BDL - Relow Detection Limit

Respectfully submitted,

Y [ﬂw/%

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
|ASI

LABORATORY REPQRT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 1.2026.05
Attention: Mr. Terry Snell Report No. 35645-30

Sample: Groundwater, 435, 6/18/92, 1100hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)....cuueerreennanerocns 6.23 -
Specific conductance (umhos/cm)

S (EPA 9050){on site)....coveiiinmnenannns 1470 1
Temperature (°C){EPA 170.1)(on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260).....4000n BDL 2
Trichloroethene (ug/l) (EPA 8260)......cccuuun BDL 2
Ethylbenzene (ug/l} (EPA 8260)....c. v BDL 2
Toluene {(ug/L1) (EPA 8260) ...t it riovsnvnnn BDL 2
Xylenes (ug/l) (EPA 8260) ... cccerurnrvnnannnn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

s &W/&M

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal I.D. #5B-1625655

| ANALYTICAL SERVICES, INC.
'ASI

LABORATORY REPQRT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-31

Sample: Groundwater, 44S, 6/18/92, 1130hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) .. .. rrnnenannecnunns 5.63 -
Specific Conductance {(umhos/cm)

— (EPA 9050) (ON S1it@) eenrerennncosnnnennns 570 1
Temperature (°C) (EPA 170.1) (on Site)ieeeeenne 20 -
Tetrachlorcethene (ug/l) (EPA 8260)........44. EDL 2
Trichloroethene (ug/l) (EPA 8260).....cc0veea BDL 2
Ethylbenzene (ug/l) (EPA 8260)....c.cucuvnvnnen BDL 2
Toluene (Ug/L1) (EPA 8260) cuvvrerenannnrerosns BDL 2
Xylenes (ug/l) (EPA 8260) ...cceeeanrvannnnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

Y e A e

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
[ASI

LABORATCORY REPQORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. Neo. 1.2026.05

Attention: Mr. Terry Snell Report No. 35645-32

Sample: Groundwater, 44D, 6/18/92, 1135hrs, received 6/18/92

RESULTS
Detection
Result Limit
PH (on site) (EPA S040) .. .ccievncnrnnnoneens 5.84 -

; Specific Conductance (umhos/cm)}

N (EPA 9050)(on sSite).vivrinrinnannnnnnns 480 1
Temperature (°C)(EPA 170.1) (on site)......... 20 -
Tetrachloroethene (ug/l) (EPA 8260)......44... BDL 2
Trichlorocethene (ug/l) (EPA 8260)......00000sn BDL 2
Ethylbenzene (ug/l) (EPA 8260).....ccicersrnnn BDL 2
Toluene (Uug/1l)(EPA 8260) ... . vt evenrinocnras BDL 2
Xylenes (ug/l) (EPA 8260).....cvtvurercvsnnnsn BDL 5

BDIL, -~ Below Detection Limit

Respectfully submitted,

By: ;_ 452(/&

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE ® ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. July 16, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 1.2026.05

attention: Mr. Terry Snell Report No. 35645-33

Sample: Groundwater, 45S, 6/18/92, 1200hrs, received 6/18/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040} ... 4. ieerrreceevannns 6.63 -

L Specific Conductance (umhos/cm)

N (EPA 9050) (0N Site) .vieeeieereevnnnennns 1200 1
Temperature (°C){(EPA 170.1) (on site)......... 19 -
Tetrachloroethene (ug/l) (EPA 8260) ...ccuevsnn BDL 2
Trichlorocethene (ug/l) (EPA 8260) ... .4cccceess BDL 2
Ethylbenzene (ug/l) (EPA B8260).....ccunceevann BDL 2
Toluene (Ug/1l) (EPA 8260) . e evrsrrouronnernvsns BDL 2
Xylenes (ug/1l) (EPA 8260) .. ccureueenscnrsannos BDL 5

BDL - Below Detection Limit

Respectfully submitted,

Y i o i

A Unit of American Analytical Services, Inc.



ANALYTICAL SERVICES, INC.
IASI

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404} 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-QP
Attention: Mr. Terry Snell Report No. 40051-1

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 24D, 1/11/93, 1450hrs, received 1/12/93

RESULTS
Detection
Result Limit
pH (on Site) (EPA 9040) ccvuvrnnsenscnssneasenns 5.45 -
Specific Conductance (umhos/cm)}
. (on Site) (EPB 9050) cceeuucnssnennsansnsns 35.9 1
N Temperature (°C) (on site) (EPA 170.1)......... 9.8 -
Ethylbenzene (ug/l} (EPA 8260).....cc00vuneenes BDL 2
Tetrachlorcethene (ug/l) (EPA 8260}........... BDL 2
Toluene (Ug/l)(EPA 8260)....cctctvranennccecs BDL 2
Trichlorcethene (ug/l) (EPA 8260)....400c.uvun BDL 2
Xylenes (ug/l) (EPA 8260).....ctceceracennccnn BDL 5

BDL - Below Detection Limit

Respectfully submitted,
BY: o o (Do
Ponian o

cc: Mr. Dave Buchalter (EMCON SE}

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
_IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993

PO Box 428 :

Newnan, GA 30264 P.C. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40051-2

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 26D, 1/11/93, 1200hrs, received 1/12/93

RESULTS
Detection
Result Limit
pPH (on site) (EPA 9040) ... ccuevneeensnoncnnen 4,97 -
Specific Conductance (umhos/cm)
L {on site) (EPA 9050) ..ccvececcccssanronsnns 483.0 1
N Temperature (°C)(on site) (EPA 170.1)......... 8.4 -
Ethylbenzene (ug/l) (EPA 8260) ......c0000vnnn- BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... 45 2
Toluene (ug/l) (EPA 8260) .0 e taasconnsennss BDL 2
Trichloroethene (ug/l) (EPA 8260)......40.. v 3 2
Xylenes (ug/Ll) (EPA 8260) ..cceresrrrvennonsnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,
BY: DW K@Q—a—;’\

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



[ASI ANALYTICAL SERVICES, INC.
L_/.:

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
290 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40051-3

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 36D, 1/11/93, 1045hrs, received 1/12/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040)....ccuevirrrrnnonacoann 6.38 -
Specific Conductance (umhos/cm)

w (on site) (EPA 9050) .. vt renacncanss 120.5 1
Temperature (°C)(on site) (EPA 170.1)......... 7.7 -
Ethylbenzene (ug/l) (EPA 8260).....c.000cucuvnn BDL 2
Tetrachloroethene (ug/l) (EPA 8260) ... .00 BDL 2
Toluene (Ug/1l) (EPA 8260) .¢cccrevurienanrcssns BDL 2
Trichloroethene (ug/l) (EPA 8260)....cc0tueenn BDL 2
Xylenes (ug/l) (EPA 8260} ...cc0vrevuaanns e BDL 5

BDL -~ Below Detection Limit

Respectfully submitted,

By: g ) . /(D&M

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. ' January 26, 1993
PO Box 428

Newnan, G4 30264 ' P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40051-4

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Menitoring/ HW-087, 39D, 1/11/93, 1330hrs, received 1/12/93

RESULTS
Detection
Result Limit
PH (0N Site) (EPA 9040) ¢ uvrreeronsanssaaassnns 5.41 -
Specific Conductance (umhos/cm)
C (on site) (EPA 9050) .. c vttt eneeeesssannaas 166.8 1
— Temperature (°C)(on site) (EPA 170.1)......04. 8.2 -
Ethylbenzene (ug/l) (EPA B260) ...covvvseecennsn BDL 2
Tetrachloroethene (ug/l) (EPA 8260).......¢.... 3 2
Toluene (Ug/1) (EPA 8260) .. ce it iveeerasecrsns BDL 2
Trichloroethene (ug/l) (EPA 8260) ....cuevsennn BDL 2
Xylenes (ug/1)} (EPA B260) .uuueiivanrorensssssas BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By:  [pie o D

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
_'ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428 ,
Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40051-5

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 40D, 1/11/93, 1115hrs, received 1/12/93

RESULTS
Detection
Result Limit
PH (on site)(EPA 9040) v vuvieersennnncnnnnans 4,70 -
Specific Conductance (umhos/cm)
. (on Site) (EPA 9050) cu v onnnnnnnns 281.0 1
— Temperature (°C) (on site) (EPA 170.1).ceeeevnn 8.1 -
Ethylbenzene (ug/l) (EPA 8260)...... cree v BDL 2
Tetrachlorcethene (ug/l) (EPA 8260).......0... 480 2
Toluene (Ug/1l)(EPA 8260) .. .. ccerinscrnsnsnsns BDL 2
Trichloroethene (ug/l) (EPA 8260} ...+v4ccevrson 97 2
Xylenes (ug/1)(EPA 8260) .. ... cuussaceasnnens BDL 5

BDL - Below Detection Limit

Respectfully submitted,
BY: Jewie o (Do

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 ® Federal |.D, #58-16256355

ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPORT

william L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.C. No. 13371-QP
Attention: Mr. Terry Snell Report No. 40051-6

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 0S-7D, 1/11/93, 1415hrs, received 1/12/93

RESULTS
Detection
Result Limit

PH (on site) (EPA 9040) ...t ievrveeesonccsaansn . 5.57 -
Specific Conductance (umhos/cm)

w (on site) (EPA 9050) . cu it eennnoosoonanss 128.9 1

' Temperature (°C)(on site} (EPA 170.1)......... 9.0 -
Ethylbenzene (ug/l) (EPA 8260)....c0ceuesnsenn BDL 2
Tetrachloroethene (ug/l) (EPA 8260) ....4000s 0. BDL 2
Toluene (Ug/1l) (EPA 8260) ... vuuveenssnnnnnns BDL 2
Trichloroethene (ug/l) (EPA 8260).....cc0cvvuss BDL 2
Xylenes (ug/l) (EPA 8260)....cccuvenncccnnnens BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By:/{j) . /{( EZZ .

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal 1.D. #58-1625655

| ANALYTICAL SERVICES, INC.
_IASI

LABQRATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993

PO Box 428
Newnan, GA 30264 P.CO. No. 13371-CP
Attention: Mr. Terry Snell Report No. 40052-1

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 9D, 1/12/93, 1400hrs, received 1/12/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040).....vtuneeinocnnnonnn 6.57 -

. Specific Conductance (umhos/cm)

— (ON S1te) (EPA 9050) «vnverneeneeoanennmnns 159.6 1
Temperature (°C)(on site) (EPA 170.1)......... 14.8 -
Ethylbenzene (ug/l) (EPA 8260}........cc0cvnnn BDL 2
Tetrachloroethene {(ug/l) (EPA 8260).......0v... BDL 2
Toluene (UG/1) (EPA 8260) e civrsnenanonsenasns BDL 2
Trichloroethene (ug/l) (EPA 8260)....svvsernne BDL 2
Xylenes (ug/l) (EPA 8260)......cccvrenccnsannan BDL 5

BDIL - Below Detection Limit

Respectfully submitted,
BY: 42@ L Qe

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ANALYTICAL SERVICES, INC.
_'ASI

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPQRT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.0O. No., 13371-CP
Attention: Mr. Terry Snell Report No. 40052-2

sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 9S, 1/12/93, 1335hrs, received 1/12/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040} ......0000.. e 5.94 -
Specific Conductance (umhos/cm)

- (on site) (EPA 9050) . uuveurrnnnennnonsnnns 23.4 1
Temperature (°C) (on site) (EPA 170.1).....c.0.n 12.6 -
Ethylbenzene (ug/l) (EPA 8260}.....ccccecenrnns BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (ug/l) (EPA 8260) .ucsuvnenraceesnannns BDL 2
Trichloroethene (ug/l) (EPA 8260).....ccc0vevnn BDL 2
Xylenes (ug/l) (EPA 8260) ...t cvvevrnennenn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

ot [ioe of Qb

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



\WI{ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428 '

Newnan, GA 30264 P.O. No. 13371-0OP
Attention: Mr. Terry Snell Report No. 40052-3

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 21D, 1/12/93, 1450hrs, received 1/12/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) .. eerennnsnnnoennsnns 6.46 -

. Specific Conductance (umhos/cm)

- (on site) (EPA 9050) cvveenerooonnnssnnsans 14.37 1
Temperature (°C)(on site) (EPA 170.1)......... 14.6 -
Ethylbenzene (ug/l) (EPA 8260).....cc0cuvevnrs BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (ug/l) (EPA 8260).....ccnvrvecrnraennn BDL 2
Trichloroethene (ug/l) (EPA 8260)....civuiveen- BDL 2
Xylenes (ug/1l) (EPA 8260} .....c0vvvcuencnreonns BDL 5

BDL - Below Detection Limit

Respectfully subnitted,

BY: () ian A (Dt

cc: Mr. Dave Buchalter (EMCON SE}

A Unit of American Analytical Services, Inc.



S, C.
\,!AS| ANALYTICAL SERVICE I N

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40052-4

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 21§, 1/12/93, 1440hrs, received 1/12/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ... .civniieiinnnnen 6.26 -
Specific Conductance (umhos/cm)

S (on site) (EPA 9050) ..cvueernrnenncarnanns 12.95 1
Temperature (°C){con site) (EPA 170.1}......... 12.7 -
Ethylbenzene (ug/l) (EPA 8260)..... .0 0cvvenn BDL 2
Tetrachlorcethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Uug/l) (EPA 8260).....cctettvrrtovnanran BDL 2
Trichloroethene (ug/l} (EPA 8260).....c0vvuvsnn - BDL 2
Xylenes (ug/l}(EPA B260) ... st iveacronccannn BDL 5

BDL - Below Detection Limit

Respectfully submitted,

i (i o Qe

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



\,QFASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-QP
Attention: Mr. Terry Snell Report No. 40052-5

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 0S-2D, 1/12/93, 1025hrs, received 1/12/93

RESULTS
Detection
Result Limit
pPH (on site) (EPA 9040) ..venreneaenoncncnonnons 5.88 -
Specific Conductance (umhos/cm)

— (ONn S1ite) (EPA 9050) «evrvvuneeeonnnnoonnns 602.0 1
Temperature (°C)(on site) (EPA 170.1}......... 11.1 -
Ethylbenzene (ug/l) (EPA 8260).....cccecnoec.e BDL 2
Tetrachlorocethene (ug/l) (EPA 8260).......0c. 69 2
Toluene (ug/1) (EPA 8260} ...ccvceenerrens .o BDL 2
Trichloroethene (ug/l) (EPA B260).......0000n 29 2
Xylenes (ug/l) (EPA 8260).....c vvecuvennvonne . BDL 5

BDL - Below Detection Limit

Respectfully submitted,

BY: (et i

ce:  Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



\.,!ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 ® Federal |.D. #58-1625655

LABORATORY REPQORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40052-6

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 0S-5D, 1/12/93, 1145hrs, received 1/12/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040)....ccnvecrrnenansnanns 6.44 -
Specific Conductance (umhos/cm}

- (on Site) (EPA 9050) ereeececeennnnnnnnnns 49.7 1
Temperature (°C) (on site) (EPA 170.1)......... 11.4 -
Ethylbenzene (ug/l) (EPA 8260).......cc0vcueen BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...¢000uues BDL 2
Toluene (ug/l)(EPA 8260)....0-cttvnvsss e BDL 2
Trichloroethene (ug/l) (EPA 8260)....¢ccccuvvnn BDL 2
Xylenes (ug/l) (EPA 8260)«cucersrvncenceurvnns BDL 5

BDI, - Below Detection Limit

Respectfully submitted,

By: i Z . ,4¢22264;“

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



\_;!ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federat |.D. #58-1625655

LABORATORY REPQORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40052-7
Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater

Monitoring/ HW-087, 0S-6D, 1/12/93, 0930hrs, received 1/12/93

RESULTS
Detecticn
Result Limit
PH (on site) (EPA 9040} .. .0 vinrvroncnenrcnns 6.06 -

i Specific Conductance (umhos/cm)

N (on site) (EPA 9050) cveeeernvervnensnnnans 52.3 1
Temperature (°C) (on site) (EPA 170.1)......... 10.9 -
Ethylbenzene (ug/1l) (EPA 8260).....c0cvveeeann BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/Ll)(EPA 8260)...0cvevesorssronvens BDL 2
Trichloroethene (ug/l) (EPA 8260).....ccuvrans BDL 2
Xylenes (ug/l) (EPA B260) ... .cvevrererenuinann BDL 5

BDL - Below Detection Limit

Respectfully submitted,
BY: (i (i

cc: Mr. Dave Buchalter (EMCON SE)

A Unit ot American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

v!ASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40052-8

sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 05-8D, 1/12/93, 0945hrs, received 1/12/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)....0ccuetnaronnnananns 6.63 -

; Specific Conductance (umhos/cm)

N (on Site) (EPA 9050) v s evnnnsnssonnnnnss 43.1 1
Temperature (°C){(on site) (EPA 170.1)......... 11.1 -
Ethylbenzene (ug/l) (EPA B260)......0cvvvvennn BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/l) (EPA 8260).....cccteeveervnnncs BDL 2
Trichlorcethene (ug/l) (EPA 8260} .....cvcenvivn BDL 2
Xylenes (ug/1}(EPA 8260) ..ccevurvrrnnscensas BDL 5

BDL - Below Detection Limit

Respectfully submitted,

B O i

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

NALYTICAL SERVICES, INC.
L ASI| A '

LABCRATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40052-9

Sample: Water, grab, Semi-annual Corrective Action Groundwater
Monitoring/HW-087 Field Blank, 1/12/93, 1330hrs, received 1/12/93

RESULTS
Detection
Result Limit
Ethylbenzene (ug/l) (EPA 8260).....cv0urcvuan. BDL 2
E Tetrachloroethene (ug/l) (EPA 8260).....0c004 BDL 2
N’ Toluene (UG/1) (EPA 8260)......ccvservonncanns BDL 2
Trichloroethene (ug/l) (EPA 8260).....c0c000c.s BDL 2
Xylenes (ug/l) (EPA 8260) ..., cccvevevnsccens BDL 5

BDIL, - Below Detection Limit

Respectfully submitted,

VL iie Dt

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30308 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. February 3, 1993

PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40052-10

Sample: Water, grab, Semi-annual Corrective Action Groundwater
Monitoring/HW-087 Trip Blank, 1/12/93, received 1/12/93

RESULTS
Detection
Result Limit
Ethylbenzene (ug/l) (EPA 8260).....ceeensennrs . BDL 2
_ Tetrachloroethene (ug/l) (EPA 8260) ...ccceaeqn BDL 2
N’ Toluene (Ug/Ll) (EPA 8260) ..cvetinnvossncasenns BDL 2
Trichloroethene (ug/l) (EPA 8260)....ccveesevnn BDL 2
Xylenes (ug/1l) (EPA 8260) ...0ueuueeicrssonnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By: ﬂé:%ﬁ4;~«x47é2k;ﬂu

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



’ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPQRT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0CP
Attention: Mr. Terry Snell Report No. 40053

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 19S, 1/12/93, 0830hrs, received 1/12/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) ... inenecancncensns 5.38 -
Specific Conductance (umhos/cm)

(on S1te)(EPA 9050) . iieerenannnsconssssna 256 1
Temperature (°C)(on site) (EPA 170.1)....000n 11.3 -
Total Barium (Ba) (ug/l) (EPA 6010)...ccevsre-- BDL 200
Total Cadmium (Cd) (ug/l)} (EPA 7131} ...ccocee.n BDL 5.0
Total Chromium (Cr) (ug/l)(EPA 7191).......44. BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)....¢ce0nvnenn BDL 5.0
Total Nickel (Ni) (ug/l){EPA 6010)...:ceeeeann BDL 10.0

BDIL. - Below Detection Limit

Respectfully submitted,

¥ G (o

cc: Mr. Dave Buchalter (EMCON SE)
3-10500

A Unit of American Analytical Services, In¢,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federai |.D. #58-1625655

| ‘ ANALYTICAL SERVICES, INC.
VASI

.

LABORATORY REPORT

William L. Bonnell Co. Inc. February 2, 1993
PO Box 428

Newnan, GA 30264 P.O, No, 13371-0P
Attention: Mr. Terry Snell Report No. 40093-1

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 2DR, 1/13/93, 1020hrs, received 1/13/953

RESULTS
Detection
Result Limit

PH (on Site)(EPA 9040) . .cteutentereananeannen 6.70 -

Specific Conductance (umhos/cm)
(0N Site) (EPA 9050) v vvveveeensaaossannns 3870 1
Temperature (°C) (on site) (EPA 170.1)......... 14.0 -
i Ethylbenzene (ug/l) (EPA 8260)...cc0ciarteessss BDL 2
N~ Tetrachloroethene (ug/l) (EPA 8260) ...vvuvn... BDL 2
Toluene (UG/L1)}(EPA B260) ...t econnvoes BDL 2
Trichlorcethene (Ug/l)({(EPA 8260)...ccicessesns - BDL 2
Xylenes (Ug/1) (EPA 8260) «uvceuvcesrnnaesonanss BDL 5

BDL - Below Detection Limit

Respectfully submitted,

W oian f P2

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABEAT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-B144
FAX (404)892-2740 @ Federal I.D. #58-1625655

- ANALYTICAL SERVICES, INC.
[ASI

LABORATQRY REPORT

William L. Bonnell Co. Inc. February 2, 1993
| PO Box 428
| Newnan, GA 30264 ‘ P.O. No. 13371-0P
| Attention: Mr. Terry Snell Report No. 40093-2

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 6D, 1/13/93, 1500hrs, received 1/13/93

RESULTS
Detection
Result Limit

PH (on Site) (EPA 9040) ¢ v ivt ittt onnnanonnoees 4,95 -

Specific Conductance (umhos/cm)
(on site)(EPA 9050) i ittt satoesenncannnns 1017 1
_ Temperature (°C) (on site) (EPA 170.1)...000uu. 17.1 -
o/ Ethylbenzene {(ug/l) (EPA 8260) ... vt varsseens BDL 2
Tetrachloroethene (ug/l) (EPA 8260) .+ veevseane BDL 2
Toluene {(Ug/Ll)(EPA B260) ... cvtceniennnasnraans BDL 2
Trichloroethene (ug/1l) (EPA 8260) .c.iueuicssaas 2 2
Xylenes (UG/L1)(EPA B260) c1 s vveteesosnnasnsann BDL 5

BDL - Below Detection Limit

Respectfully submitted,

GQM/&‘% -

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc.



IAS' ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federai |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. February 2, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0OP
Attention: Mr. Terry Snell Report No. 40083-3

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 12D, 1/13/93, 1135hrs, received 1/13/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) .. v v vvnnernononnnnassns 4.31 -
Specific Conductance (umhos/cm)

{on 51te)(EPA 9050) v .v v c et e a e 2070 1
Temperature (°C) (on site) (EPA 170 N 16.2 -
Ethylbenzene (ug/l) (EPA 8260).....¢c.0cceun.. BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...cctevcuas BDL 2
Toluene (Ug/L) (EPA 8260) cueernrscneoeannnosas BDL 2
Trichloroethene (ug/l) (EPA 8260} ....cvcuuvans BEDL 2
Xylenes (Ug/L1) (EPA 8260) ... vveenennensanneeas BDL 5

BDL ~ Below Detection Limit

Respectfully submitted,

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analyticai Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal I.D. #58-1625655

|
‘ ’ ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. February 2, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40093-4

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 15D, 1/13/93, 1035hrs, received 1/13/93

RESULTS
. Detection
Result Limit

PH (on site) (EPA 9040) ... .t uirenreernsnceanss 6.14 -

Specific Conductance (umhos/cm)
(on site) (EPA 9050) ¢t vttt inenennsanenans 757 1
Temperature (°C) (on site) (EPA 170.1)..cv0vonn 14.3 -
\ Ethylbenzene (ug/l) (EPA 8260) ... vevevessnsnns BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....vvvrssn BDL 2
Toluene (UG/1)(EPA 8260) ... cteirennnnanssaas BDL 2
Trichloroethene (ug/l) (EPA 8260)............. BDL 2
Xylenes (ug/Ll) (EPA 8260)..cccesnrevcsseanes ‘s BDL 5

BDL - Below Detection Limit

Respectfully submitted,
BY: (Deue /@u«

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

'ASI ANALYTICAL SERVICES, INC.

LABORATQORY REPORT

William L. Bonnell Co. Inc. February 2, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40093-5

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 29D, 1/13/93, 1120hrs, received 1/13/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) « i it ue st innnnnnnennnans 5.63 -
Specific Conductance (umhos/cm)
(on site)(EPA 9050) .. .. vttt nnnnnnnnnes 539 1
Temperature (°C) (on site)(EPA 170.1)......... 14.7 -
kﬂ) Ethylbenzene (ug/l) (EPA 8260) ... vttt aeevuen. BDL 2
Tetrachlorcethene (ug/1l) (EPA 8260).....000c... 490 2
Toluene (UG/1}(EPA 8260) ... vernessssssnnesnns BDL 2
Trichloroethene (Ug/l) (EPA 8260) .. .vvueusraeas 25 2
Xylenes (Ug/1) (EPA 8260) . v .ttt enntnnaananas BDL 5
BDL - Below Detection Limit
Respectfully submitted,
By ot Qe
cc: Mr. Dave Buchalter (EMCCN SE) -
4\/

A Unit of American Analytical Services, Inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404} 892-8144
FAX {404)892-2740 @ Federal i.D. #58-1625655

l ANALYTICAL SERVICES, INC.
[AsI

LABOQRATORY REPORT

William L. Bonnell Co. Inc. February 2, 1993
PO Box 428

Newnan, GA 20264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 40093-6

Sample: Groundwater, grab, Semi-annual Corrective Action Groundwater
Monitoring/ HW-087, 31D, 1/13/93, 1535hrs, received 1/13/93

RESULTS
Detection
Result Limit

PH (on site) (EPA 9040) ...ttt tsnenncannonns voe 6.16 -

Specific Conductance (umhos/cm)
(on site)(EPA 9050) ¢ vt eenennnecnnnenns 1790 1
Temperature (°C) (on site) (EPA 170.1)...... . e 16,8 -
\,ﬁ Ethylbenzene (ug/l) (EPA 8260) .... ¢4 ctaaaesa . BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....044... 180 2
Toluene (UG/Ll)(EPA 8260) ¢. v ucieerivannonreas BDL 2
Trichloroethene (ug/l) (EPA 8260) ..t vuiveeuunnn 120 2
Xylenes (Ug/Ll)(EPA 8260) ... et iieeivenceencns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

D /@w;

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analyticai Services, Inc.
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\y;! J‘!\:E;;I ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE ® ATLANTA, GEORGIA 30309 @ (404} 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. December 1, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-0000P

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38638-1

Sample: Groundwater, grab, Detection Monitoring (Day 1), 13S, 11/2/92,
1120hrs, received 11/2/92 (Metals sampled/received 11/3)

RESULTS
Detection
Result Limit
' Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 3.5 1.0
N Total Organic Halogens (TOX) (ug/l)(EPA 9020). 46 10
1,1-Dichloroethene (ug/l) (EPA 8260)....... ‘o BDL 2
Ethylbenzene (ug/l) (EPA 8260)...... cr s s e BDL 2
Tetrachloroethene (ug/l) (EPA B260)...ccceseens BDL 2
Toluene (ug/l) (EPA 8B260).scrceccocrcscorcnn . BDL 2
Trichloroethene (ug/l) (EPA B260)...veceesanns BDL 2
Xylenes (ug/l) (EPA 8260)....ccvervves craaaaee BDL 5
Vinyl chloride (ug/l) (EPA 8260)...cccveveces . BDL 10
pH (on site) (EPA 9040)...... e eeeeeer e 4.87 -
Specific Conductance (umhos/cm)
(EPA 9050) (on site)....oovvrevnnanacecnnns 109 1
Total Barium (Ba) (ug/l) (EPA 6010)....cccvevee BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)..... et BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)....c0c00. BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..cueunnannnss BDL 5.0
Total Nickel (Ni)(ug/l)(EPA 6010).cecvcecscsns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: , z/¢%24uk
Y2 Jpcar A

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30303 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

\jASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. December 1, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-0000P

Obiect Ceode #1.2026.105

Attention: Mr. Terry Snell Report No. 38638-2

Sample: Groundwater, grab, Detection Monitoring (Day 1), 428, 11/2/92,
1210hrs, received 11/2/92 (Metals sampled/received 11/3)

RESULTS
Detection
Result Limit
- Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 9.7 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 26 10
1,1-Dichloroethene (ug/l) (EPA 8260)....c.0... BDL 2
Ethylbenzene (ug/l) (EPA 8260)....c0cv.. seeases BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....000000 BDL 2
Toluene (ug/l) (EPA 8260).ccetecv.s. tesarereres BDL 2
Trichloroethene (ug/l) (EPA 8260)....cs0000s “e BDL 2
Xylenes (ug/l) (EPA 8260)..cccvenennnsn cee s BDL 5
vinyl chloride (ug/l) (EPA 8260)........ e BDL 10
pH (on site) (EPA 9040)..iecervnnraaaanss 7.45 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Site)..vceurnnrranenrooaass 1911 1
Total Barium (Ba) (ug/l) (EPA 6010).......c... . BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)..cseceses . BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)...... e BDL 10.0.
Total Lead (Pb) (ug/l) (EPA 7421).ccevvnvveases BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)..vccseas . BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
Bv: [ iee of Do

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625635

JASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. December 1, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000QP

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38638-3

Sample: Groundwater, grab, Detection Monitoring (Day 1}, 43S, 11/2/92,
1215hrs, received 11/2/92 (Metals sampled/received 11/3)

RESULTS
. Detection
Result Limit
- Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 5.6 1.0

Total Organic Halogens (TOX) (ug/l) (EPA 2020). 28 10
1,1-Dichloroethene (ug/l) (EPA 8260)........ .. BDL 2
Ethylbenzene (ug/l) (EPA 8260)....cccvevnvenvs . BDL 2
Tetrachloroethene (ug/l) (EPA 8260)......... . BDL 2
Toluene (ug/l) (EPA 8260} .ccccevvecccacnvenccns BDL 2
Trichloroethene (ug/l) (EPA 8260)......00cen .. BDL 2
Xylenes (ug/l) (EPA 8260} ....cccvesnenen e e BDL 5
Vinyl chloride (ug/l)(EPA 8260).......ccunn. . BDL 10
pH (on site) (EPA 9040) «.cvvececrvonnsrancnnes 6.40 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site).......vueuenn Cereeee. 1925 1
Total Barium (Ba) (ug/1l) (EPA 6010}....... Ceens BDL 200
Total Cadmium (C4) (ug/l) (EPA 7131)....c0c0cne BDL 5.0
Total Chromium (Cr) (ug/l)(EPA 7191)....... ‘e BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)..... BDL 5.0
Total Nickel (Ni) (ug/l)(EPA 6010)..... Ceaaeas BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

By JM o Qe

cc: Mr. Dave Buchalter (EMCON-SE}

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404} 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LIASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. December 1, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-0000P

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38638-4

Sample: Groundwater, grab, Detection Monitoring (Day 1), 44D, 11/2/%2,
1350hrs, received 11/2/%2 (Metals sampled/received 11/3)

RESULTS
Detection
Result Limit
k_/ Total Organic Carbon (TOC) (mg/l) (EPA 9060) ... BDL 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). BDL 10
1,1-Dichloroethene (ug/l) (EPA 8260)......... . BDL 2
Ethylbenzene (ug/l) (EPA 8260)...-ccocvcvcec.n BDL 2
Tetrachloroethene (ug/l) (EPA 8260).......... . BDL 2
Toluene (ug/l) (EPA B260).....ccc00n Ceees s BDL 2
Trichloroethene (ug/l) (EPA 8260)....ccc00ccen BDL 2
Xylenes (ug/1l) (EPA 8260)....... [ A BDL 5
Vinyl chloride (ug/l) (EPA 8260)....cccctvvenn BDL 10
pH (on site) (EPA 9040) s.cevnveeecnrensnsonnnns 5.95 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)........ 1128 1
Total Barium (Ba) (ug/l) (EPA 6010} .....c00v... BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)...ccvecess BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).......... BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)...ccveveenn .. BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010).......00c.. . BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

it o Dtk

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATOhY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1623655

LABORATORY REPORT

William L. Bonnell Co. Inc. December 1, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-0000QF

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38638-5

Sample: Groundwater, grab, Detection Monitoring (Day 1), 44S, 11/2/92,
1320hrs, received 11/2/92 (Metals sampled/received 11/3)

RESULTS
Detection
Result Limit

Total Organic Carbon (TOC) (mg/l) (EPA 2060})... 4.1 1.0
Total Organic Halogens (TOX)(ug/l) (EPA 9020). 11 10
1,1-Dichloroethene (ug/l) (EPA 8260).......... BDL 2
Ethylbenzene (ug/l) (EPA 8260)...4ccec.. ceanen BDL 2
Tetrachloroethene (ug/l) (EPA B260)..cccvvvune BDL 2
Toluene (Ug/l) (EPA B260) ceeeeenverrerssasscns BDL 2
Trichloroethene (ug/l) (EPA 8260)...cvecesesss BDL 2
Xylenes (ug/l) (EPA 8260)...cceevenreccaccsnns BDL 5
Vinyl chloride (ug/l) (EPA 8260)......... ceans BDL 10

pH (on site) (EPA 9040)....c0cceceenns ceea e 5.59 -
Specific Conductance (umhos/cm)

(EPA 9050) (on =3 1) o =) IR R seee 1128 1
Total Barium (Ba) (ug/l) (EPA 6010)......... ‘e BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).....s4. . BDL 5.0
Total Chromium (Cr) (ug/l)(EPA 7191).......c... BDL 10.0
Total Lead (Pb){(ug/l) (EPA 7421)...ceuneens BDL 5.0
Total Nickel (Ni) (ug/1)(EPA 6010)...ccvsvuons BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

5 e of Ol

cc: Mr. Dave Buchalter (EMCON-SE)

A tUnit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 ® Federal i.D. #58-1625655

\VIASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. December 1, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-0000P"
Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38638-6

Sample: Groundwater, grab, Detection Monitoring (Day 1), 45S, 11/2/92,
1345hrs, received 11/2/92 (Metals sampled/received 11/3)

RESULTS
Detection
Result Limit
" Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 7.2 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 16 10
1,1-Dichloroethene (ug/l) (EPA 8260).......... BDL 2
Ethylbenzene (ug/l) (EPA 8260)....cc0vevvrecann BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....400... BDL 2
Toluene (Ug/l) (EPA B260).eccecssccsssssasssos "BDL 2
Trichloroethene (ug/l) (EPA 8260)...c.c0ucesse BDL 2
Xylenes (ug/l) (EPA 8260)...0cussse ae e ‘e BDL 5
Vinyl chloride (ug/l) (EPA 8260)..... eceaans . BDL 10
pH (on site) (EPA 9040)....cveeevvsoces cevaseee 6.58 -
Specific Conductance (umhos/cm)

(EPA 9050) (Oon Site)..eveererinrarennnnane 880 1
Total Barium (Ba) (ug/l) (EPA 6010)....0c00ue. . BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)........ ce BDL 5.0
Total Chromium (Cr)(ug/l)(EPA 7191)....cc0c.. BDL 10.0
Total Lead (Pb) (ug/l)(EPA 7421).....c00ceves. BDL 5.0
Total Nickel (Ni) (ug/1l){(EPA 6010)....ccceunnn BDL 10.0

BDL ~ Below Detection Limit

Respectfully submitted,

,, ' Goncie 4 (L

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Cec. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 24924-0C2-0P
- Attention: Mr. Terry Snell Report No. 38668~1

Obiject Code #1.2026.105

Sample: Groundwater, grab, Detection Monitoring (Day 2), 138, 11/3/92,
1130hrs, received 11/3/92 (Metals sampled/received 11/4)

RESULTS
Detection

Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 7.8 1.0
Total Organic Halogens (TOX) (ug/l) (EPA ©020). BDL 10
1,1-Dichloroethene (ug/l) (EPA 8260}....... ce BDL 2
Ethylbenzene (ug/l) (EPA 8260)...-ccceceecvecn BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....cc0c0n. BDL 2
Toluene {(ug/l) (EPA 8260)....c.evcetnncccnonces BDL 2
Trichloroethene (ug/l)} (EPA 8260)........040.- BDL 2
Xylenes (ug/l) (EPA 8260).....ccv.s ce v aa e BDL 5
Vinyl chloride (ug/l) (EPA 8260)....ccccve.n ‘e BDL 10
pPH (on site) (EPA 9040) . .ceeeecnsasronnes 4.80 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)..ccvieenenn, Caaremans 107 1
Total Barium (Ba) (ug/l) (EPA 6010)........ e BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)....cvecen . BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)...ccceves BDL 10.0
Total Lead (Pb) (ug/1l) (EPA 7421)..cvevucarascen BDL 5.0
Total Nickel (Ni)(ug/.) (EPA 6010)..ccceueers . BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
BWWZW :
/

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of Am~rican Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

\,:ASI ANALYTICAL SERVICES, INC.

LABORATORY REPQORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000-0P
Attention: Mr. Terry Snell Report No. 38668-2

Obdect Code #1.2026.105

Sample: Groundwater, grab, Detection Monitoring (Day 2), 425, 11/3/92,
1220hrs, received 11/3/92 (Metals sampled/received 11/4)

RESULTS
Detection

Result Limit

; Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 12.8 1.0
N Total Organic Halogens (TOX) (ug/l) (EPA 9020). 78 10
1,1-Dichloroethene (ug/l) (EPA 8260).......... BDL 2
Ethylbenzene (ug/l) (EPA 8260)....c00cceerrses BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....0000.. . BDL 2
Toluene (udg/l) (EPA 8260)...vcvvevn- fes s s emans BDL 2
Trichlorcethene (ug/l) (EPA 8260)........ ceene BDL 2
Xylenes (ug/1) (EPA 8260) ..cecvsvsnssnns R BDL 5
vinyl chloride (ug/l) (EPA 8260)..... e s BDL 10
pH (on site) (EPA 9040) ...cccevmreccnncennncnn 7.28 -

Specific Conductance (umhos/cm)

(EPA 9050) (on site).....eveceeen 1899 1
Total Barium (Ba) (ug/l) (EPA 6010)....cccuvees BDL 200

Total Cadmium (Cd) (ug/l) (EPA 7131)....cc00cnn BDL 5.0

Total Chromium (Cr) (ug/l) (EPA 7191)....... .o BDL 10.0

Total Lead (Pb) (ug/l) (EPA 7421)....0ccvvunes . BDL 5.0

Total Nickel (Ni) (ug/1l) (EPA 6010)...cuseeacnn BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
il o & Bondo Jr

\_ cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVIC-ES, INC.
_IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000-0OP
Attention: Mr. Terry Snell Report No. 38668-3

Object Code #1.2026.105

sample: Groundwater, grab, Detection Monitoring (Day 2), 43s, 11/3/92,
1225hrs, received 11/3/92 (Metals sampled/received 11/4)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC)(mg/l) (EPA 5060)... 9.1 1.0
(_ Total Organic Halogens (TOX) (ug/l) (EPA 5020). 45 10
1,1-Dichloroethene (ug/l) (EPA 8260).....c.tcs BDL 2
Ethylbenzene (ug/l) (EPA 8260)......4...0. ceae BDL 2
Tetrachloroethene (ug/l)} (EPA 8260)......0.... BDL 2
Toluene (ug/l) (EPA 8260)..ccccereenensnsns ‘e BDL 2
Trichloroethene (ug/l) (EPA 8260)...cceveescenn BDL 2
Xylenes (ug/l) (EPA 8260} ...cceverrearcveancns BDL 5
vinyl chloride (ug/l) (EPA 8260}....c00vccunve- BDL 10
pH (on site) (EPA 9040) ..cccvtinnrusrenennnnn 6.36 -
Specific Conductance (umhos/cm)

(EPA 9050) (on =3 o1 =3 S E R R R 1543 1
Total Barium (Ba) (ug/l) (EPA 6010} ..scecuvesen BDL 200
Total Cadmium (Cd) (ug/1l)} (EPA 7131} ..cennvuens BDL 5.0
Total Chromium (Cr) (ug/1l) (EPA 7191} ......00.. BDL 10.0
Total Lead (Pb) (ug/1l) (EPA 7421)..cevcrnncnnns BDL 5.0
Total Nickel (Ni)(ug/l) (EPA 6010)...... essen BDL 10.0

BDL - Below Detection Limit
Respectfully submitted,
o i or & Bends P

cc: Mr. Dave Buchalter (EMCON-SE}

A Unit of American Analytical Services, Inc.



~

ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-000-0P
Attention: Mr. Terry Snell Report No. 38668-4

Object Code #1.2026.105

Sample: Groundwater, grab, Detection Monitoring (Day 2), 44D, 11/3/92,
1350hrs, received 11/3/92 (Metals sampled/received 11/4)

RESULTS
: Detection
Result Limit

Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 3.8 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). BDL 10
1,1-Dichloroethene (ug/l) (EPA 8260)......00.. BDL 2
Ethylbenzene {(ug/l) (EPA 8260).c.veee... caeena BDL 2
Tetrachloroethene (ug/l) (EPA 8260) ..4ccevesas BDL 2
Toluene (ug/l) (EPA 8260).ccccenssonsss cecenne BDL 2
Trichloroethene (ug/l) (EPA 8260) ..cccccveceres BDL 2
Xylenes (ug/l) (EPA 8260)..... cereeareanean e BDL 5
Vinyl chloride (ug/l) (EPA 8260)....ccv00v.- ‘e BDL 10
pH (on site) (EPA 9040).......... et se s s e 5.65 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Sit@)evveevecernrnroonnnonn 621 1
Total Barium (Ba) (ug/l) (EPA 6010)...... Ceeans BDL 200
Total Cadmium (Cd) (ug/l)(EPA 7131l)..cvcevvsass BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)........ .o BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)c.cueessnncnnns BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)....... BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
N A N

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 ® Federal 1.D. #58-1625655

LABORATORY REPORT

william L. Bonnell Co. Inc. November 285, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000-0P
Attention: Mr. Terry Snell Report No. 38668-5

Obiect Code #1.2026.105

Sample: Groundwater, grab, Detection Monitoring (Day 2}, 44S, 11/3/92,
1320hrs, received 11/3/92 (Metals sampled/received 11/4)

RESULTS
Detection
Result Limit

Total Organlc Carbon (TOC) (mg/l) (EPA 9060). 7.2 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 12 10
1,1-Dichloroethene (ug/l) (EPA 8260)........ .o BDL 2
Ethylbenzene (ug/1l) (EPA 8260)«+ssesvvcvnss .o BDL 2
Tetrachlorcethene (ug/l) (EPA 8260).....0vcv.. . BDL 2
Toluene (ug/l) (EPA 8260)....c00cceereess ceeee BDL 2
Trichlorcethene (ug/l)(EPA 8260).....cc00c0.n. BDL 2
Xylenes (ug/l) (EPA 8260)...ceveeevses ce e . BDL 5
Vinyl chloride (ug/l) (EPA 8260)...ccvevecesns BDL 10

pH (on site) (EPA 9040).....ucv-vne ceren e 5.70 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)..... cecaraeaceaeenre . 1092 1
Total Barium (Ba) (ug/l) (EPA 6010) ......... BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131) ........ BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)..... ..... 13 10.0
Total Lead (Pb) (ug/l)(EPA 7421)...cccnavrvevns BDL 5.0
Total Nickel (Ni)(ug/l) (EPA 6010)...ceovuvesn- BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

oy o & Bondohe,

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 8B92-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Ceo. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000-0P
Attention: Mr. Terry Snell Report No. 38668-6

Object Code #1.2026,105

Sample: Groundwater, grab, Detection Monitoring (Day 2), 458, 11/3/92,

1345hrs, received 11/3/92 (Metals sampled/received 11/4)

RESULTS
Detection
Result Limit

Total Organic Carbon (TOC) (mg/l)(EPA 9060)... 12.4 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 137 10
1,1-Dichloroethene (ug/l) (EPA 8260)..ccver.n. BDL 2
Ethylbenzene (ug/l) (EPA 8260)........ ci e e BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...ccc0vve BDL 2
Toluene (ug/l) (EPA 8260)...cccceasecrcssannns BDL 2
Trichloroethene (ug/l) (EPA 8260) .ccvevenvesn .. BDL 2
Xylenes (ug/l) (EPA 8260) ...svcesesosncresanns BDL s
vinyl chloride (ug/l) (EPA 8260)...cccvveercnes BDL 10

pH (on site) (EPA 9040)..ccseveesnrascanroncns 7.04 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)..... et 1800 1
Total Barium (Ba) (ug/l) (EPA 6010)....cc0vvens BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)ceeeevccoss BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).....0...: BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)..... e BDL 5.0
Total Nickel (Ni)(ug/l)(EPA 6010).....0.000s0. BDL 10.0
BDL - Below Detection Limit

Respectfully submitted,
oy: 0/ ZM/

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



'AS' ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404} 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 24, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 : P.0O. No. 2494-000-0P

Object Code #1.2026.105
Attention: Mr. Terry Snell Report No. 38699-~-1

Sample: Groundwater, grab, Detection Monitoring (Day 3), 135, 11/4/92,
1140hrs, received 11/4/92 (Metals sampled/received 11/5)

RESULTS
Detection

Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 7.3 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). BDL 10
1,1-Dichloroethene (ug/l) (EPA 8260)........-. BDL 2
Ethylbenzene (ug/l) (EPA 8260)..... ceasereaees BDL 2
Tetrachloroethene (ug/l) (EPA 8260)......c04.. BDL 2
Toluene (Ug/1l) (EPA 8260) ..cccreecvsccnncnsons BDL 2
Trichloroethene (ug/l) (EPA 8260) ......... BDL 2
Xylenes (ug/l) (EPA B260) ...ccctacronnnccccnens BDL 5
vinyl chloride (ug/l) (EPA 8260).......cc000n0s BDL 10
pH (on site) (EPA 9040)...ccccevrvrcccnccncecns 4.92 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)....eevveenennn 122 1
Total Barium (Ba) (ug/1l) (EPA 6010) ............ BDL 200
Total cadmium (Cd) (ug/1l) (EPA 7131).....00uc.. BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).....c0... BDL 10.0
Total Lead (Pb){(ug/l)(EPA 7421)....ccccceccnn BDL, 5.0
Total Nickel (Ni) (ug/l) (EPA 6010).......:ccc0. BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
v L o D

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



’AS' ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 24, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000-0OP

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38699-2

Sample: Groundwater, grab, Detection Monitoring (Day 3), 42S, 11/4/92,
1230hrs, received 11/4/92 (Metals sampled/received 11/5)

RESULTS
Detection
Result Limit

Total Organic Carbon (TOC) (mg/l) (EPA 9060). 6.0 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020) 13 10
1,1-Dichloroethene (ug/l) (EPA 8260)..... ceees BDL 2
Ethylbenzene (ug/1l) (EPA 8260) ..cccieceencnsnens BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/1l) (EPA 8260).c.ccecvsvrssancases . BDL 2
Trichlorocethene {(ug/l) (EFA 8260)...... e BDL 2
Xylenes (ug/l) (EPA 8260)...... ce e ceaens BDL 5
Vinyl chloride (ug/l) (EPA 8260)..... et s BDL 10

pPH (on site) (EPA 9040)...c.cvvervveceasans e 7.47 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)...eeveeeennnn e 1886 1
Total Barium (Ba) (ug/1l) (EPA 6010).+4asasss o e BDL 200
Total Cadmium (CdA) (ug/1l) (EPA 7131)..cececsnns BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).......0.. BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)....c.cvuvercens BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)...ccevsennn BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-3144
FAX (404)892-2740 @ Federal [.D. #58-1625655

ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. November 23, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-00Q0-CP

Object Code #1.2026.105

Attention: Mr. Terry Snell Report Nbo. 38699-3

Sample: Groundwater, grab, Detection Monitoring (Day 3), 438, 11/4/92,
1235hrs, received 11/4/92 (Metals sampled/received 11/5)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 6.5 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 23 10
e 1,1-Dichlorocethene (ug/l) (EPA 8260)..ccccosas BDL 2
Ethylbenzene (ug/l) (EPA 8260)...... ceacasanas BDL 2
Tetrachloroethene (ug/l) (EPA 8260)4.cuvevannn BDL 2
Toluene (ug/l) (EPA 8260)..:cceseven. et eane e BDL 2
Trichloroethene (ug/l) (EPA 8260)........ v eae BDL 2
Xylenes (ug/l) (EPA 8260)....... e e s s e aaae e BDL 5
Vinyl chloride (ug/l) (EPA 8260)....vveeseesas BDL 10
pH (on site) (EPA 9040)..... Ceseennes e ea s . 6.36 -
Specific Conductance (umhos/cm)

(EPA 9050) (0N Site).u.iiueviirenrnnnnnnns 1868 1
Total Barium (Ba) (ug/1l) (EPA 6010)....ccccsas . BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)........ e BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)..... ceaes BDL 10.0
Total Lead (Pb) (ug/l)(EPA 7421)....¢c0ceess ‘e BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)...cevecnn-. BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

W Doive £ Dtm

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. November 24, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000-0OP
. Object Code #1.2026.105

Attention: Mr. Terry Snell _ Report No. 3869%9-4

Sample: Groundwater, grab, Detection Monitoring (Day 3), 44D, 11/4/92,
1400hrs, received 11/4/92 (Metals sampled/received 11/5)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 1.3 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 10 10
(L  1,1-Dichloroethene (ug/l)(EPA 8260).......... BDL 2
Ethylbenzene (ug/l)} (EPA 8260)...... ceataa e BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...c000uv.. BDL 2
Toluene (Ug/l) (EPA 8260)....c00cevevsaacccnns BDL 2
Trichloroethene (ug/l) (EPA 8260)...cc0cveennvs BDL 2
Xylenes (ug/l) (EPA 8260} ... cveescacaccenennn . BDL 5
Vinyl chloride (ug/l) (EPA 8260)......000000nn BDL 10
pH (on site) (EPA 9040).......... 5.81 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Site).v.vervrneneanrannonnss 590 1
Total Barium (Ba) (ug/l) (EPA 6010} ...ceveevnns : BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).ecaeecnns . BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).......... BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)....... s esaaan BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)...cveeneere-s BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

Vs (foiae of D

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ASI

ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GECRGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal }.D. #58-1625655

LABORATORY REPQRT

William L. Bonnell Co. Inc. November 24, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2434-000-0OP
Obiject Code #1.2026.105

Attention: Mr. Terry Snell Report Nb. 38699-5

Sample: Groundwater, grab, Detection Monitoring (Day 3), 445, 11/4/92,
1330hrs, received 11/4/92 (Metals sampled/received 11/5)

RESULTS
Detection

Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... BDL 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 2020}). 10 10
1,1-Dichloroethene (ug/l) (EPA 8260).......... BDL 2
Ethylbenzene (ug/1l) (EPA 8260).....cc0ceeerann BDL 2
Tetrachloroethene (ug/l)} (EPA 8260)..ceceenans BDL 2
Toluene (ug/l) (EPA 8260)..cs0:4+ ceraserrs s BDL 2
Trichloroethene (ug/l) (EPA 8260)..cvvessncnes BDL 2
Xylenes (ug/l) (EPA 8260)....... e e s e e BDL 5
Vinyl chloride (ug/l) (EPA 8260)...ccv0uenvesn BDL 10
pH (on site) (EPA 9040)..ccuveecrvnsen cer e e 5.73 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)........... ceasaes cees 1052 1
Total Barium (Ba) (ug/l) (EPA 6010)....0vecaess BDL 200
Total cCadmium (Cd) (ug/l) (EPA 7131)...... ceene BDL 5.0
Total Chromium (Cr)(ug/l) (EPA 7191).c4seeasses BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)..ueeucenennnn BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)....cceueennn BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

i o Dta

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



IASI

Wwilliam L.
PO Box 428
25 Bonnell
Newnan, GA

Attention:

ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

Bonnell Co. Inc. November 23, 1992

Street

30264 P.0O. No. 2494-000-0P
Object Code #1.2026.105

Mr. Terry Snell Report No. 38699-6

Sample: Groundwater, grab, Detection Monitoring (Day 3), 458, 11/4/92,
1355hrs, received 11/4/92 (Metals sampled/received 11/5)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 8.1 1.0
. Total Organic Halogens (TOX) (ug/l) (EPA 9020). 57 10
- 1,1-Dichloroethene (ug/l) (EPA 8260)......... . BDL 2
Ethylbenzene (ug/l) (EPA 8260).....cc00ccveenes BDL 2
Tetrachloroethene (ug/l) (EPA 8260).c¢issevusnn BDL 2
Toluene (ug/l) (EPA 8260) ...c0aeess ce e eerenan . BDL 2
Trichloroethene (ug/l) (EPA 8260) ...cceevrua-s BDL 2
Xylenes (ug/l) (EPA 8260)....ccvcetecnesnvonans BDL 5
Vinyl chloride (ug/l) (EPA 8260)....ccccuesnass BDL 10
PH (on site) (EPA 9040) ... cverneensncassnvoans 6.74 -
Specific Conductance (umhos/cm)
(EPA 9050) (on site) .. iiiavaas ce s s s . 1187 1
Total Barium (Ba) (ug/l) (EPA 6010)........ .-+«  BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)..cevcuuesn BDL 5.0
Total Chromium (Cr) (ug/1l)(EPA 7191) ...ccvesen BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..:ceveeccenss BDL 5.0
Total Nickel (Ni)(ug/1l) (EPA 6010)..ccevceesss BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

3 e A O

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
|ASI

LABORATQORY REPORT

William L. Bonnell Co. Inc. November 24, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000-0P

Obtect Code #1.2026.105

Attention: Mr. Terry Snell Report MNo. 38699-7

Sample: Field Blank, grab, Detection Monitoring (Day 3), 11/4/92,
1300hrs, received 11/4/92

RESULTS
Detection
Result Limit
1,1-Dichloroethene (ug/l) (EPA 8260)..... cenas BDL 2
Ethylbenzene {(ug/l) (EPA 8260)............ e e BDL 2
(_ Tetrachloroethene (ug/l) (EPA 8260) .....c0vr-. BDL 2
Toluene (Ug/l) (EPA 8260) ... cccsseenncrrrecans BDL 2
Trichloroethene (ug/l) (EPA 8260)......... e BDL 2
Xylenes (ug/l) (EPA 8260)........ se it e asae e BDL 5
Vinyl chloride (ug/l) (EPA 8260)......c0cu0.ns BDL 10

BDL - Below Detection Limit

Respectfully submitted,

By: :2 S z: .

cc: Mr. Dave Buchalter (EMCON-SE}

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

l AN.ALYTICAL SERVIC'ES,.-INC.
[ASI

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federai |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 23, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No., 2484-000Q0-0P
Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38699-8

Sample: Trip Blank, grab, Detection Monitoring (Day 3), 11/4/92, 1305hrs,
received 11/4/92

RESULTS
Detection
Result Limit
1,1-Dichloroethene (ug/l) (EPA 8260).......... BDL 2
Ethylbenzene (ug/l) (EPA 8260)...ccc0venceenn . BDL 2
Tetrachloroethene (ug/l) (EPA 8260} ....ccccenss BDL 2
Toluene (Ug/1) (EPA 8260)...ceveeessooscancnsne BDL 2
Trichloroethene (ug/1l) (EPA 8260)..... ceecanns BDL 2
Xylenes (ug/l) (EPA 8260)+.ssevsscncscns es e BDL 5
vinyl chloride (ug/l) (EPA 8260)...ccuecenscan. BDL 10

BDL - Below Detection Limit

Respectfully submitted,

! Lt f Qe

cc: Mr. Dave Buchalter (EMCON-SE)
3-228000

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

L,!AS' ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000-0P

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-1

Sample: Groundwater, grab, Detection Monitoring (Day 4), 138, 11/5/92,
1127hrs, received 11/5/92 (Metals sampled/received 11/6}

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 1.4 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020). 14 10
1,1-Dichloroethene (ug/l) (EPA 8260).........- BDL 2
N Ethylbenzene (ug/l) (EPA B8260)..cevcevancerces BDL 2
Tetrachloroethene (ug/l) (EPA 8260} ......000+> BDL 2
Toluene (ug/l) (EPA 8260)...cccccescenccccecnn BDL 2
Trichloroethene (ug/l) (EPA 8260)...... ce s . BDL 2
Xylenes (ug/l) (EPA B260)...coccvsvceoses cee e BDL 5
Vinyl chloride (ug/l) (EPA 8260)...ccceesscccs BDL 10
pH (on site) (EPA 9040)....cvereenncs chsaannes 4.93 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site)............ ceee e 58 1
Total Barium (Ba) (ug/l) (EPA 6010}...... e BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131}..ccvcevencn BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)........:. BDL 10.0
Total Lead (Pb)(ug/1l) (EPA 7421).vcscvcenesens BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)...cvsccerene BDL 10.0

Vs

BDL - Below Detection Limit

Respectfully submitted,

w0 i o Dl

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE ® ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Faderal |.D. #58-1625655

L/]LASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-000-0OF

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-2

Sample: Groundwater, grab, Detection Monitoring (Day 4), 425, 11/5/92,
1221hrs, received 11/5/92 (Metals sampled/received 11/6)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060)... 9.7 1.0
o Total Organic Halogens (TOX) (ug/l) (EPA 9020). 66 10
1,1-Dichloroethene (ug/l) (EPA 8260)...cccs0s.- BDL 2
Ethylbenzene (ug/l) (EPA 8260)..... ceaaseeeann BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...:ccevvve BDL 2
Toluene {(ug/l) (EPA 8260)...44000.n castareerana BDL 2
Trichloroethene (ug/l) (EPA 8260)..sevcceseans BDL 2
Xylenes (ug/l) (EPA 8260)....cs0. t s s s s es e BDL 5
vinyl chloride (ug/l) (EPA 8260)....c0c0ccvee . BDL 10
pPH (on site) (EPA 9040) ..ucuervrnaoascosnsnsns 7.41 -
Specific Conductance (umhos/cm)

(EPA 9050) (ONn Site)..eieinenerenvconcnens 974 1
Total Barium (Ba) (ug/l) (EPA 6010)...cevvv-vns BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)..ceeccaners BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).ccccvvens BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421).cciveveccccns BDL 5.0
Total Nickel (Ni)(ug/l) (EPA 6010)....c0000.- . BDL 10.0
BDL - Below Detection Limit

Respectfully submitted,
By: kézbwﬂb4{?ZZQﬁu
k-/ cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



FASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING &_LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) BS2-8144
FAX (404)892-2740 @ Federal I.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 24%94-000-0OP

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-3

Sample: Groundwater, grab, Detection Monitoring (Day 4), 43S, 11/3/92,
1226hrs, received 11/5/92 (Metals sampled/received 11/6)

RESULTS
Detection
Result Limit

Total Organlc Carbon (TOC) (mg/l) (EPA 9060).. 5.5 1.0
Total Organic Halogens (TOX) (ug/l) (EPA 9020) 33 10
1,1-Dichloroethene (ug/l) (EPA 8260) ... e vess BDL 2
Ethylbenzene (ug/1l) {EPA B260)...... ceeeans .o BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....c:.... BDL 2
Toluene {(ug/l) (EPA B8260)...ccceeuss cea e e BDL 2
Trichloroethene (ug/l) (EPA 8260)....c00ssve.n BDL 2
Xylenes (ug/l) (EPA 8260)........ ceraer et e BDL 5}
vinyl chloride (ug/l) (EPA 8260)...... s esns . BDL 10

pH (on site) (EPA 9040)...... e eeens s e 6.59 -
Specific Conductance (umhos/cm)

(EPA S050) (on site)....cieieennnncnnsnsns . 1393 1
Total Barium (Ba) (ug/1l) (EPA 6010) ............ BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131).ccucvvess . BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)...... aea BEDL 10.0
Total Lead (Pb) (Ug/1l) (EPA 7421)...0ceccvcsnns BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)...ceuuesssns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

BY: () iee A (K

a

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

kWEASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street :

Newnan, GA 30264 P.0O., No. 2494-000-0P

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-4

sample: Groundwater, grab, Detection Monitoring (Day 4), 44D, 11/5/92,
1347hrs, received 11/5/92 (Metals sampled/received 11/6)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060) ... BDL 1.0
\_ Total Organic Halogens (TOX) (ug/l) (EPA 9020). BDL 10
1,1-Dichloroethene (ug/l) (EPA B8260) eesens Ceaa BDL 2
Ethylbenzene (ug/l) (EPA B260) s eeuacscasasonsns . BDL 2
Tetrachloroethene (ug/l) (EPA 8260).......... . BDL 2
Toluene {(ug/l) (EPA 8260)....cccvses crnea e . BDL 2
Trichloroethene (ug/l) (EPA 8260).ccccvcscacss BDL 2
Xylenes (ug/l) (EPA B260) envseens st seaer e BDL 5
vinyl chloride (ug/l) (EPA 8260)........ ceraas BDL 10
pH (on site) (EPA 9040) ...ccvsencnnonovonocns . 6.11 -
specific Conductance (umhos/cm)

(EPA 9050) (on site).....cceaveevees ceeans 610 1
Total Barium (Ba) (ug/l) (EPA 6010)..... eeaeen BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)...cccovens BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)......0... BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)..ccuesrnansens BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)..cecensvesss BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: ) /@ZL@\‘
{IQ,»M -

&,  cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federall.D. #58-1625655

L,{ASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000-0P

Obiect Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-=5

Sample: Groundwater, grab, Detection Monitoring (Day 4), 448, 11/5/92,
1321hrs, received 11/5/92 (Metals sampled/received 11/6)

RESULTS
Detection

Result Limit

) Total Organic Carbon (TOC) (mg/l) (EPA 9060) ... BDL 1.0
o Total Organic Halogens (TOX) (ug/l) (EPA 9020). 12 10
1,1-Dichloroethene (ug/l) (EPA 8260)......... . BDL 2
Ethylbenzene (ug/l) (EPA 8260)........ seassnen BDL 2
Tetrachloroethene (ug/l) (EPA 8260).......-0.. BDL 2
Toluene (ug/l) (EPA 8260).....cccc0- ce et ee BDL 2
Trichloroethene (ug/l) (EPA 8260)...sccc0000s. BDL 2
Xylenes (ug/l) (EPA 8260)...ccrvvecsnnanncccnn BDL 5
Vinyl chloride (ug/l) (EPA 8260)......c00uvene BDL 10
pPH (on site) (EPA 9040) .evvreceoacnsssonsonnns 5.85 -

Specific Conductance (umhos/cm)

(EPA 9050) (on site)....cvvveanens cesas e 685 1
Total Barium (Ba) (ug/l) (EPA 6010}........-:.. BDL 200

Total Cadmium (Cd) (ug/l) (EPA 7131)..ccavvcanen BDL 5.0

Total Chromium (Cr) (ug/1l) (EPA 7191)......0... BDL 10.0

Total Lead (Pb)(ug/l) (EPA 7421)..ccccevncenns BDL 5.0

Total Nickel (Ni) (ug/l) (EPA 6010)....ccveeens BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: (&M /&0*-

- cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



_'ASI

Wwilliam L.
PO Box 428
25 Bonnell
Newnan, GA

Attention:

ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEQRGIA 30309 @ {404) 892-8144
FAX (404)892-2740 @ Federal }.D. #58-1625655

LABORATORY REPORT

Bonnell Co. Inc. November 25, 1992

Street

30264 P.0O. No. 2494-000-0P
Object Code #1.2026.105

Mr. Terry Snell Report No. 38716-6

Sample: Groundwater, grab, Detection Monitoring (Day 4), 45S, 11/5/92,
1343hrs, received 11/5/92 (Metals sampled/received 11/6)

RESULTS
Detection
Result Limit
Total Organic Carbon (TOC) (mg/l) (EPA 9060}... 7.8 1.0
o Total Organic Halogens (TOX) (ug/l) (EPA 9020). 16 10
1,1-Dichloroethene (ug/l) (EPA 8260)........ . BDL 2
Ethylbenzene (ug/1l) (EPA 8260)...¢ceaversenn - BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...cuvtrnen BDL 2
Toluene (ug/l) (EPA 8260)...cccticsenoncccanns BDL 2
Trichloroethene (ug/l) (EPA 8260)..... crrsenen BDL 2
Xylenes (ug/l) (EPA 8260) .cccsvsecsnsansssssns BDL 5
Vinyl chloride (ug/l) (EPA 8260)....ccs0cseuns BDL 10
pH (on site) (EPA 9040)....cccevueuenss 6.99 -
Specific Conductance (umhos/cm)

(EPA 9050)(on site)...ccvciinieensnnenenn 1097 1
Total Barium (Ba) (ug/l) (EPA 6010).....cc0ce. BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).....c0c00n BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)....cc00. BDL 10.0
Total Lead (Pb) (ug/1l) (EPA 7421)...cveenncccas BDL 5.0
Total Nickel (Ni)(ug/l)(EPA 6010}.....c000v00n BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

cc: Mr. Dave Buchalter (EMCON-SE)}

A Unit of American Analytical Services, Inc.



k“!ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABOCRATORY REPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-000-0OP

Obiect Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-7

Sample: Field Blank, grab, Detection Monitoring (Day 4), 11/5/92,
1300hrs, received 11/5/92

RESULTS

Detection

Result Limit
1,1~Dichloroethene (ug/l) (EPA 8260)......c... BDL 2
o Ethylbenzene (ug/l) (EPA 8260).....cc004. cae e BDL 2
Tetrachloroethene (ug/1l) (EPA 8260)......cc0440 BDL 2
Toluene (ug/l) (EPA 8260)..... ceecnn e cnaee BDL 2
Trichloroethene (ug/l) (EPA 8260)..... reeaa s . BDL 2
Xylenes (ug/l) (EPA 8260} .....cc044.. srme e . BDL 5
Vinyl chloride (ug/l1) (EPA 8260)..c.e0vccess .o BDL 10

BDL - Below Detection Limit

Respectfully submitted,
By: (QZEK;;4,4%/Z£QQL;\

cc: Mr. Dave Buchalter (EMCON-SE)

A Unit of American Analytical Services, Inc.



Asﬁ ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY RFEPORT

William L. Bonnell Co. Inc. November 25, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000-0P

Object Code #1.2026.105

Attention: Mr. Terry Snell Report No. 38716-~8

Sample: Trip Blank, grab, Detection Monltorlng (Day 4), 11/5/%2, 1305hrs,
received 11/5/92

RESULTS
Detection
Result Limit
1,1-Dichlorocethene (ug/l) (EPA 8260)..ccccevss BDL 2
Ethylbenzene (ug/l) (EPA 8260)....... creerasae BDL 2
Tetrachloroethene (ug/l) (EPA 8260)......0.... BDL 2
Toluene (ug/l) (EPA 8260)...cc000crencss ce e BDL 2
Trichloroethene (ug/l) (EPA 8260)..ceeeevssnss BDL 2
Xylenes (ug/l) (EPA 8260)..+cces:-- cecsssnar e BDL 5
Vinyl chloride (ug/l) (EPA 8260)..cceveensnanns BDL 10

BDL - Below Detection Limit

Respectfully submitted,
cc: Mr. Dave Buchalter (EMCON-SE)
3-219000

X-480000
T-699000

A Unit of American Analytical Services, inc.
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FEASIBILITY AND CORRECTIVE ACTION PLAN MARCH 1993

APPENDIX A

Quarterly Corrective Action Monitoring

APPENDICES



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal [.D. #58-1625655

VIASI ANALYTICAL SERVICES, INC.

LABORATORY REPQRT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 ‘ P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-1

Sample: Groundwater, grab, Quarterly Monitoring, 2SR, 10/5-6/92, 1400hrs,
received 10/7/92

RESULTS
Detection

Result Limit

"pH (on site) (EPA 9040)..cvecvteraccnnncscanss 6.49 -
— Specific Conductance (umhos/cm)
(EPA 9050) (on site)....ccevenecencnncnnens 970

Temperature (°C){on site) (EPA 170.1).4vccccen 22.5 -
Total Barium (Ba) (ug/l) (EPA 6010)..:csesoeess BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)..cc0cs. ‘e BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)...cccveses 12 10.0
Total Lead (Pb) (ug/l) (EPA 7421)....c... ceenon BDL 5.0
Total Nickel (Ni) (ug/1) (EPA 6010).cceeveonsas BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)....c00cvececcns BDL 2
Tetrachloroethene (ug/l) (EPA 8260).csceeescse BDL 2
Toluene (ug/l) (EPA 8260)..ceccssnancecscccsns BDL 2
Trichloroethene (ug/1l) (EPA 8260).cccssccvevns BDL 2
Xylenes (ug/l) (EPA 8260)..ceccceaccassccnancs BDL 5

BDL - Below Detection Limit

Respectfully submitted,
-~

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



[ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPQRT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-2

Sample: Groundwater, grab, Quarterly Monitoring, 35, 10/5-6/92, 1410hrs,
received 10/7/92

RESULTS

Detection
Result Limit
pH (on site)(EPA 9040).......I.'II.......I.-. 7.57 -
Specific Conductance (umhos/cm)
(EPA 9050) (ON Site)..ecvessscasavevsssaas 1830

Temperature (°C)(on site) (EPA 170.1)......... 22.2 -
Total Barium (Ba) (ug/l) (EPA 6010)...ccceceoven BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).ccveossecs BDL 5.0
Total Chromium (Cr) (ug/1l) (EPA 7191)..ccaccees BDL 10.0
Total Lead (Pb)(ug/l)(EPA 7421)....ccccevcres BDL 5.0
Total Nickel (Ni) (ug/l)(EPA 6010)...ccceeceen BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)....ccccuvvcenuns BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....00... . BDL 2
Toluene (UG/1) (EPA 8260) .uc.cverrevnoasansasss BDL 2
Trichloroethene (ug/l) (EPA 8260)..ccccecccsss BDL 2
Xylenes (ug/l) (EPA 8260)....cccvvevececcncns . BDL 5

BDL - Below Detection Limit

Respectfully submitted,
By°'Z7<> 422;4476;¢7ég ;?i

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



lASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
ag0 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-3

Sample: Groundwater, grab, Quarterly Monitoring, 4S, 10/6-7/92, 1415hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ...ceveeccrnsvssnsaases 6.20 -
Specific Conductance (umhos/cm)
(EPA 9050)(on SIt@)eeeeresesnrsanvocoannn . 57

Temperature (°C) (on site) (EPA 170.1)..ccecnnn 19.3 -
Total Barium (Ba) (ug/l) (EPA 6010)....ccc0v0s BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)cccscvccnss BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).scceveeves 18 10.0
Total Lead (Pb) (ug/1l) (EPA 7421)..ccucscancens BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)...cccevesen "BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)...cccevevscccss BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/1l) (EPA 8260)+scceveraveoncancnnns BDL 2
Trichloroethene (ug/l) (EPA 8260)...cccsseeses BDL 2
Xylenes (ug/l) (EPA 8260)...ccccevecccvscnanns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By: -ZVZ>' ;Zfl¢u¢6£qyéz .

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



[ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-4

Sample: Groundwater, grab, Quarterly Monitoring, 58, 10/6-7/92, 1430hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)......... Ceesasessannan 5.81 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Site).iesecesveeesronannces 177 1
Temperature (°C)(on site) (EPA 170.1)......... 18.2 -
Total Barium (Ba) {(ug/l)(EPA 6010)...¢ccureene BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)...cvacecns BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)....v0uvvs BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..tssesvssnnss BDL 5.0
Total Nickel (Ni) (ug/l)(EPA 6010).cceevesvsas BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)....c0000ccvecs. BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........ .o 15 2
Toluene (Ug/l) (EPA 8260).cccsscevccccrcascnns BDL 2
Trichloroethene (ug/l) (EPA 8260} ..cccavassees 5 2
Xylenes {(ug/1l) (EPA 8260)...0ccceensscsrsescs . BDL 5

BDL - Below Detection Limit

Respectfully submitted,
BY% XW%

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

\W!AS' ANALYTICAL SERVICES,. INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-5

Sample: Groundwater, grab, Quarterly Monitoring, 6S, 10/5-6/92, 1245hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)........ ceeesseansennen 6.31 -
Specific Conductance (umhos/cm)

(L (EPA 9050) (On Sit€).ceerrreccesaanssacnes 2080 1
Temperature (°C)(on site) (EPA 170.1)......... 19.2 -
Total Barium (Ba) (ug/l) (EPA 6010)...cccvevn.. BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)..ccucvecns BDL 5.0
Total Chromium (Cr) {(ug/l) (EPA 7191l).cecnccce. BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421)ceeccceaccncns 'BDL 5.0
Total Nickel (Ni)(ug/l)(EPA 6010).c.ccovsocancs BDL 10.0
Ethylbenzene (ug/l) (EPA B260)...ccceesraceces BDL 2
Tetrachloroethene (ug/l) (EPA 8260)...cccevsen BDL 2
Toluene (ug/l)} (EPA 8260} ..cccvccceccceoscnsns BDL 2
Trichloroethene (ug/l) (EPA 8260} ..+ccccevvevs BDL 2
Xylenes (ug/l)}(EPA 8260} ...c.vceccsosccevrccs BDL 5

BDL - Below Detection Limit

Respectfully submitted,
By:maw,

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



IASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
290 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal .D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 20264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-6

Sample: Groundwater, grab, Quarterly Monitoring, 7D, 10/5-6/92, 1130hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)....ceccerverononcnnnns 5.65 -
Specific Conductance (umhos/cm)

(EPA 9050) (ON Site).eeeeasssransssessesss 1940 1
Temperature (°C) (on site) (EPA 170.1)......¢.. 21.5 -
Total Barium (Ba) (ug/l) (EPA 6010)....ccc0eave. BDL 200
Total Cadmium (Cd) (ug/1) (EPA 7131)...vcvecens BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)...cceeves BDL 10.0
Total Lead (Pb) {(ug/l) (EPA 7421)..ccsvecccanes BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)...scuceceee BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)...vecccccccccss BDL 2
Tetrachloroethene (ug/l) (EPA 8260)..... P 9 2
Toluene (Ug/l) (EPA 8260).sccceverevracccccans BDL 2
Trichloroethene (ug/l) (EPA 8260)......cc.0000 BDL 2
Xylenes (ug/l) (EPA 8260)..c.ccvverercraccns . BDL 5

BDIL. - Below Detection Limit

Respectfully submitted,
ffszé%'

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 ® Federal 1.D. #58-1625655

JASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William IL.. Bonnell Co. Inc. November 20, 1992
PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143=~7

Sample: Groundwater, grab, Quarterly Monitoring, 7S, 10/5-6/92, 11l40hrs,
received 10/7/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040)..ieeccececcess crre e 5.59 -
Specific Conductance (umhos/cm)

L (EPA 9050) (0N Site)eeececeecresroncennsans 2090 1
Temperature (°C) (on site) (EPA 170.1)...c0c... 22.0 -
Total Barium (Ba) (ug/1l) (EPA 6010)..cceccevnss BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)..sseecaccs BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)...cc0000c0 BDL 10.0
Total Lead (Pb)(ug/1) (EPA 7421).c.iverncncnsss BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010).....0.... . BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)...... treaensanne BDL 2
Tetrachloroethene (ug/l) (EPA 8260)..¢.ccc... . BDL 2
Toluene (ug/l) (EPA 8260).cccecserssssnsssvess BDL 2
Trichloroethene (Ug/1l) (EPA 8260)..cececcsvsns BDL 2
Xylenes (ug/l) (EPA 8260)...ccccceecan s BDL 5

BDL -~ Below Detection Limit

Respectfully submitted,
’ -
v il ZTW/ ,

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



lASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Fedoeral I.D. #58-1625655

LABORATORY RFEPQRT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-8

Sample: Groundwater, grab, Quarterly Monitoring, 125, 10/5-6/92, 1315hrs,
received 10/7/92

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) «ceeereennnrceannnnnns . 6.37 -
Specific Conductance (umhos/cm)

(EPA 9050){(on site@).ceseeccceenns cebeeen s 158 1
Temperature (°C)(on site) (EPA 170.1}......... 22.9 -
Total Barium (Ba) (ug/l) (EPA 6010)..ccoveecees BDL 200
Total Cadmium (Cd)} (ug/l) (EPA 7131)..eeavscass BDL 5.0
Total Chromium (Cr) (ug/l)(EPA 7191)..cceusuen BDL 10.0
Total Lead (Pb) (ug/l)(EPA 7421)..ccccrvsnvecs BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010} ........ cee BDL 10.0
Ethylbenzene {(ug/l) (EPA 8260)....cc00 ceseeare BDL 2
Tetrachloroethene (ug/l)} (EPA 8260)...... . BDL 2
Toluene {ug/l) (EPA B260}..c00ceeses et ss e BDL 2
Trichloroethene (ug/l) (EPA 8260)....000.. Ceee BDL 2
Xylenes (ug/l) (EPA 8260)....c00.-- see s e e BDL 5

BDL - Below Detection Limit

Respectfully submitted,
ov: Yilor W J

cc: Mr. Dave Buchalter (EMCON)

-

A Unit of American Analytical Services, Inc.



ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

290 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal I.D. #58-1625655

LABORATORY REPORT

william L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-9

Sample: Groundwater, grab, Quarterly Monitoring, 13S, 10/5-6/92, 1030hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)...cccecsvsssana cerenns 4,95 -
Specific Conductance (umhos/cm)

(EPA 9050) (0N Site)eeseseeecsccssssarsnss 148 1
Temperature (°C)(on site} (EPA 170.1)......... 18.5 -
Total Barium (Ba) (ug/l)} (EPA 6010)...... tee e BDL 200
Total Cadmium (Ca&) (ug/l) (EPA 7131})...... e BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191} .scccesses BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..ccceennvesns BDL 5.0
Total Nickel (Ni)(ug/l) (EPA 6010} .sstcecescss 68 10.0
Ethylbenzene (ug/l) (EPA 8260)........ cenenase BDL 2
Tetrachloroethene (ug/l) (EPA 8260} ..cccvvteess BDL 2
Toluene (uG/1) (EPA 8260)..cccessavssonesnnns . BDL 2
Trichloroethene (ug/l) (EPA 8260)...cc4... e BDL 2
Xylenes (ug/l) (EPA 8260)..csvsssnscessccnrces . BDL 5

BDL - Below Detection Limit

Respeiijz%Erifbmitted,
-~
By Z, @W

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



[ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No., 2494-000 OF
Attention: Mr. Terry Snell Report No. 38143-10

gample: Groundwater, grab, Quarterly Monitoring, 158, 10/5-6/92, 1058hrs,
received 10/7/92

RESULTS
Detection
Result — Limit
pH (on site) (EPA 9040) .4sccascsrecsscaaanncns 5.31 -
Specific Conductance (umhos/cm)

(EPA 9050) (on site).cceernccscrosncsscess 350 1
Temperature (°C) (on site) (EPA 170.1).cccseence 19.7 -
Total Barium (Ba) (ug/l) (EPA 6010)...cccveuven BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).cicecececns BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)....4c0.0. BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..cvcceerersns BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)....cc00vues BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)..sccvccvvscncns BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....c00000s BDL 2
Toluene (Ug/1) (EPA 8260)..cccesssessccsanssss BDL 2
Trichloroethene (ug/l) (EPA 8260)....cevveesne BDL 2
Xylenes (ug/l) (EPA B8260).....cccveevenocancas BDL 5

BDL - Below Detection Limit

Respectfully submitted,
/' Zﬁé %; :éé
By: Z7/* /}2&

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



'ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Faderal 1.D. #58-1625655

LABQRATORY REPORT

Wwilliam L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-11

sample: Groundwater, grab, Quarterly Monitoring, 17D, 10/6-7/92, 1330hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) .. .ccvvsessss cereasneas 6.53 -
Specific Conductance (umhos/cm)

(EPA 9050)(on site)..ieeeeerrvvncrsnnsans 143 1
Temperature (°C)(on site) (EPA 170.1)........ . 18.7 -
Total Barium (Ba) (ug/l) (EPA 6010)..ccvvvvvess BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131).....00004s BDL 5.0
Total Chromium (Cr) (ug/l)(EPA 7191)........ .o BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..... ceeeees . BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010)......... cen BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)......... ceacaas BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....cc000s+ 53 2
Toluene (ug/l) (EPA 8260)..4s0ceessccess seseas BDL 2
Trichloroethene (ug/l) (EPA 8260)...cvasseves. BDL 2
Xylenes (ug/l) (EPA 8260)....... crecene ces e BDL 5

BDL - Below Detection Limit

Respectfully submitted, ; Z

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



|AS| ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
290 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-12

Ssample: Groundwater, grab, Quarterly Monitoring, 17S, 10/6-7/92, 1315hrs,
received 10/7/92

RESULTS
Detection

Result _Limit _
pH (on site) (EPA 9040) cucuienserocsanssacevons 5.47 -
Specific Conductance (umhos/cm)

(EPA 9050) (on Site)..eeceraresvecennnnans 93

Temperature (°C)(on site) (EPA 170.1)...v000.. 18.9 -
Total Barium (Ba) (ug/l) (EPA 6010)...cssseeerss BDL 200
Total Cadmium (CdA) (ug/l) (EPA 7131)+.cceveennn BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)..ccveecn. BDL 10.0
Total Lead (Pb) (ug/l) (EPA 7421)..ccevceccerss BDL 5.0
Total Nickel (Ni)(ug/l)(EPA 6010).ccceavecsss BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)...ccccecaccsrns BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....00c00v.. 43 2
Toluene (ug/l) (EPA 8260)..cvcaceterrvaccccncs BDL 2
Trichloroethene (ug/l) (EPA 8260)...cc0seevees BDL 2
Xylenes (ug/l) (EPA 8260)...cccvcvvcncccronane BDL 5

BDL - Below Detection Limit

Respectfully submitted,
By: jﬁyrh Cfﬁ gzz;ﬂkgfézyég;%gz

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

ANALYTICAL SERVICES, INC.
_TASI

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-13

Sample: Groundwater, grab, Quarterly Monitoring, 468, 10/5-6/92, 1212hrs,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ...vveevacantccanccnces 6.59 -
Specific Conductance (umhos/cm)

- (EPA 9050) (0N Site)..ceveeeeeescreenennns 2080 1
Temperature (°C)(on site) (EPA 170.1}.c.vvvese 19.8 -
Total Barium (Ba) (ug/l) (EPA 6010).cceceercnven BDL 200
Total Cadmium (Cd) (ug/l} (EPA 7131)..ceeceeves BDL 5.0
Total Chromium (Cr) (ug/l)}(EPA 7191)......00.. BDL 10.0
Total Lead (Pb) (ug/1l) (EPA 7421)...cceecservses BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)...s0ccceros BDL 10.0
Ethylbenzene (ug/l) (EPA 8260).....ce0cvecccens BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....c0000 BDL 2
Toluene (ug/1l) (EPA B260)...cevevensosvonsanns BDL 2
Trichloroethene (ug/l) (EPA 8260)..ccveccesnvs BDL 2
Xylenes (ug/l)(EPA B8260).....cc0cntevcacccnes BDL 5

BDL, - Below Detection Limit

Respectfully submitted,
BY:MJ’é:M%’

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
290 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. November 20, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-000 OP
Attention: Mr. Terry Snell Report No. 38143-14

Sample: Groundwater, grab, Quarterly Monitoring, 47s, 10/5-6/92, 1330hr,
received 10/7/92

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040)..... cerreressannse e 6.12 -
Specific Conductance (umhos/cm)

L_ (EPA 9050) (ONn Site@).ceevrerrecreccenrases 1890 1
Temperature (°C)(on site) (EPA 170.1).....0... 21.6 -
Total Barium (Ba) (ug/l) (EPA 6010)..cccevenssn BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)...000ssass BDL 5.0
Total Chromium (Cr)(ug/l)(EPA 7191).....cc00.. 14 10.0
Total Lead (Pb) (ug/l) (EPA 7421)....0vn- ceeenn BDL 5.0
Total Nickel (Ni) (ug/l) (EPA 6010).....v0vv0. . BDL 10.0
Ethylbenzene (ug/l) (EPA 8260)...cctvceseseses BDL 2
Tetrachlorocethene {(ug/l) (EPA 8260)...... ceeas 100 2
Toluene (Ug/l) (EPA 8260)..ccctssasssssensce .o BDL 2
Trichloroethene (ug/l) (EPA 8260).cccccerccses 28 2
Xylenes (ug/l) (EPA 8260)..cscccecsscncccennnn BDL 5

BDL, - Below Detection Limit

Respectfully submitted,
v
By:Tifgéyzg;"Cf:6Q§Z;z4ié;¢é%i r

cc: Mr. Dave Buchalter (EMCON)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30308 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
[AS|

LABORATORY REPQRT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39882-1

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring; HW-087, 2SR, 1/4/93, 1340hrs, received 1/4/93

RESULTS
Detection
Result Limit
PH (on Site) (EPA 9040) . ccueeenseanseannsnnsns 6.70 -
Specific Conductance (umhos/cm)
. (on Site) (EPA 9050) ceuveensnenssnnnrnnsns 867 1
. Temperature (°C)(on site) (EPA 170.1)......... 16.6 -
Ethylbenzene (ug/l) (EPA 8260)......c.:c00eeann BDL 2
Tetrachloroethene (ug/l) (EPA B8260)........... EDL 2
Toluene (ug/l) (EPA 8260} ...t tvensntacnreans BDL 2
Trichloroethene (ug/l) (EPA 8260)............. BDL 2
Xylenes (Ug/1) (EPA 8260) ..cvrevenrnrannneonas BDL 5

BDIL. - Below Detection Limit

Respectfully submitted,
By: DQM /&é«—f«

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONI'T.'OR.ING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D, #58-1625655

ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371=-0P
Attention: Mr. Terry Snell Report No. 39882-2

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring;/ HW-087, 3S, 1/4/93, 1350hrs, received 1/4/93

RESULTS
Detection
Result Limit

pH (on site) (EPA 9040) c.icuvvmnccnenannncnsens 7.63 -

Specific Conductance (umhos/cm)
‘ (on site) (EPA 9050) .ccveercersens Ceeneee 2210 1
- Temperature (°C) (on site) (EPA 170.1}....c..0. 16.5 -
Ethylbenzene (ug/l) (EPA 8260).....ccvauervnnn BDL 2
Tetrachloroethene (ug/l) (EPA 8260).....cessu. BDL 2
Toluene (ug/l) (EPA 8260) ...+ v vvvreccesns BDL 2
Trichloroethene (ug/l) (EPA 8260)....cccceeen- BDL 2
Xylenes (ug/l) (EPA 8260).....ciitveecenvnnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,
By: 4{225»¢¢Aizf/dzzi¢ﬂ4

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal |.D. #58-1625655

wlASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39882-3

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HwW-087, 6S, 1/4/93, 1300hrs, received 1/4/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) ....c.civvesnrcncnansns 6.36 -
specific Conductance (umhos/cm) :
i (on site) (EPA 9050) .. cuveervetvscearsonans 2050 1
o Temperature (°C)(on site) (EPA 170.1)......... 17.2 -
Ethylbenzene (ug/l) (EPA 8260).....c000000cuns BDL 2
Tetrachloroethene (ug/l) (EPA B260)..cieverann BDL 2
Toluene (Uug/1l) (EPA 8260).cceevvarvacenn N BDL 2
Trichloroethene {(ug/l) (EPA 8260)....000cu-sas BDL 2
Xylenes (ug/l) (EPA B260)...cuvevvennncacnnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

vt Oencoe o Qoo

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc,



| ANALYTICAL SERVICES, INC.
IAS]

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 8B92-8144
FAX (404)892-2740 @ Federai .D. #58-1625655

LABORATORY REPQORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Repoft No. 39882-4

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 7D, 1/4/93, 1115hrs, received 1/4/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) ...t eivenrennnnnsns 5.70 -
Specific Conductance (umhos/cm)
i (on site) (EPA 9050) . vevvecevosoncnacesnn 1699 1
N Temperature (°C)(on site) (EPA 170.1)......... 15.5 -
Ethylbenzene (ug/l) (EPA 8260)....0ccvevneenns BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... 23 2
Toluene (Ug/1l) (EPA 8260) .cvcuueereonnnnnneons BDL 2
Trichloroethene (ug/l) (EPA 8260)......c.000. BDL 2
Xylenes (ug/l} (EPA 8260).....c0utctvmnnannnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,
By: o epior L (Do

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVIC.ES,' INC.
_ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0OP
Attention: Mr. Terry Snell Report No. 39882-5

Ssample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 7S, 1/4/93, 1030hrs, received 1/4/93

RESULTS
Detection
Result Limit

PH (on site) (EPA 9040)...cciurvraanonarsccens 5.98 -

Specific Conductance (umhos/cm)
L (on Sit@) (EPA 9050) cuuvvnrencenenneonsans 1800 1
‘ Temperature (°C) (on site)} (EPA 170.1)......... 15.3 -
Ethylbenzene (ug/l) (EPA 8260).....ccvvatennn. BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (ug/l) (EPA 8260) ... ccveeevrracacasns BDL 2
Trichloroethene (ug/l) (EPA 8260).........4¢ .. BDL 2
Xylenes (ug/l) (EPA 8260)....ccccuceransescnnnn BDL 5

BDL - Below Detection Limit

Respectfully submitted,
by: [ omine o (Pecon

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ANALYTICAL SERVICES, INC.
_[ASI

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39882-6

Sample: Groundwater, grab, Quarterly Corrective Actlon Groundwater
Monitoring/ HW-087, 128, 1/4/93, 1450hrs, received 1/4/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) ...cevercteannnencasens 6.42 -
Specific Conductance (umhos/cm)

K;/ (on site) (EPA 9050) ... ccesevnsnerecanesas 1204 1
Temperature (°C)(on site) (EPA 170.1)......... 14.1 -
Ethylbenzene (ug/l) (EPA 8260)...... 0000t BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/l) (EPA 8260) ...t revecrronsanens BDL 2
Trichloroethene (ug/l) (EPA 8260)........00... BDL 2
Xylenes (ug/l) (EPA 8260).....c0ivevercnsnncann "BDL 5

BDL ~ Below Detection Limit

Respectfully submitted,
By: ‘CQ&"‘M/@Z"&\

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

ANALYTICAL SERVICES, INC.
_IASI

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

LABORATORY REPORT

Willijam L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0OF
Attention: Mr. Terry Snell Report No. 39882-7

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 13S, 1/4/93, 0930hrs, received 1/4/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) .. cctiiinnnnncenssocann 4.87 -
Specific Conductance (umhos/cm)

(on site) (EPA 9050) ... vitnnnnncecsvcann 61.4 1
Temperature (°C)(on site) (EPA 170.1)......... 17.3 -
Ethylbenzene (ug/1l) (EPA B260) ...t vececvasss BDL 2
Tetrachloroethene (ug/l) (EPA B8260)......04... BDL 2
Toluene (Ug/1l) (EPA 8260} ...ct0ceearecccseras BDL 2
Trichloroethene (ug/l) (EPA 8260)...cevessvnns BDL 2
Xylenes (ug/1l) (EPA 8260) ...¢ctcuenasrnncvosnce BDL 5

BDIL, - Below Detection Limit

Respectfully submitted,
By: é:)gl,ge,)ﬁﬂéZZZzbv

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc.



ANALYTICAL SERV'ICES,' INC.
_IAS]

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39882-8

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 158, 1/4/93, 1015hrs, received 1/4/93

RESULTS
Detection
Result Limit
pH (on site) (EPA 9040) . .cievveccnsncnnnncnsas 5.46 -
Specific Conductance (umhos/cm)

" (on site) (EPA 9050) .. i veeevoencceanensnns 783 1
Temperature (°C)(on site) (EPA 170.1)......... 15.8 -
Ethylbenzene (ug/l) (EPA 8260)....cc0rcveacens BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/Ll)(EPA 8260)....ccceeeenccncaanns BDL 2
Trichloroethene (ug/l) (EPA B260)...ccvvursenn BDL 2
Xylenes (ug/l) (EPA B8260)....cccvevmecvvannnnn BDL 5

BDL -~ Below Detection Limit

Respectfully submitted,
By OW/@ZL%

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
_ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O0. No. 13371-QP
Attention: Mr. Terry Snell Report No. 39882-9

Sample: Groundwater, grab, Quarterly Corrective Actlon Groundwater
Monitoring/ HW-087, 46S, 1/4/93, 1100hrs, received 1/4/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) .. .. v i nnnannas 6.91 -
Specific Conductance (umhos/cm)
, (on site) (EPA 9050) ...ttt invenvvosecanass 1803 1
o Temperature (°C)(on site) (EPA 170.1)......... 15.7 -
Ethylbenzene (ug/l)(EPA 8260} .....¢cccvvesenas BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........... BDL 2
Toluene (Ug/l)(EPA B260) .. ¢ et ivctonsannn BDL 2
Trichloroethene (ug/l) (EPA 8260)...cctesnvsan BDL 2
Xylenes (Ug/Ll)(EPA 8260) .ccccecconnsonnnencas ‘BDL 5

BDL - Below Detection Limit

Respectfully submitted,
By: %£;%w4494 4[’Eiuujé,

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Anatytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)B92-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC..
[ASI

LABORATORY REPQORT

William L. Bonnell Co. Inc. January 26, 1993

PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39882-10

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 47S, 1/4/93, 1415hrs, received 1/4/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) ..ve i e rnneanncnaasns 6.25 -
Specific Conductance (umhos/cm)

k*/ (on site) (EPA 9050) cvitvevnonoreasacass .. 1689 1
Temperature (°C)(on site) (EPA 170.1)....0.... 16.0 -
Ethylbenzene (ug/l) (EPA 8260)......0cvceeenenn BDL 2
Tetrachloroethene (ug/l) (EPA 8260)..civsevnnn 51 2
Toluene (UG/1) (EPA 8260) cuvceeevuoesunnnennns BDL 2
Trichloroethene (ug/l) (EPA 8260)...cc0useenen 15 2
Xylenes (ug/l) (EPA 8260)....ccccevrennnnnnns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

cc: Mr. Dave Buchalter (EMCON SE)

A Unit ot American Analytical Services, Inc.



kW!ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39899-1

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 4S8, 1/5/93, 114%hrs, received 1/5/93

RESULTS
Detection
Result Limit

PH (on site) (EPA 9040) ..vereersencnassrasason 5.70 -

Specific Conductance (umhos/cm)
(on site) (EPA 9050) i .vrtananseancssossns 40.6 1
o Temperature (°C) (on site) (EPA 170.1)...0vv.nn 17.2 -
Ethylbenzene (ug/l)(EPA 8260).......c000v00..- BDL 2
Tetrachloroethene (ug/l) (EPA 8260} ........... BDL 2
Toluene (Ug/Ll){(EPA 8260)...¢cccuvnenvaroraann BDL 2
Trichloroethene (ug/l) (EPA 8260)...........4% BDL 2
Xylenes (ug/l) (EPA 8260}........... car s BDL 5

BDL - Below Detection Limit

Respectfully submitted,
= W/@W”

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



\,!ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX {404)B92-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0QP
Attention: Mr. Terry Snell Report No. 39899-2

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring,/ HW-087, 5S, 1/5/93, 1130hrs, received 1/5/93

RESULTS

Detection

Result _Limit
PH (on site) (EPA 9040) ... cuevetreancannnnacnns 5.5 -

Specific Conductance (umhos/cm)

| (on Site) (EPA 9050) v ceeereeceernononnons 91.8 1
o Temperature (°C) (on site) (EPA 170.1)...ce0un. 16.9 -
Ethylbenzene (ug/l)} (EPA 8260} ..ccctvveueanass BDL 2
Tetrachloroethene (ug/l) (EPA 8260)....cs0vase 9 2
Toluene (Ug/l) (EPA B260) .. eeerennseratecunna BDL 2
Trichloroethene (ug/l) (EPA 8260)............. BDL 2
Xylenes (Ug/1l) (EPA 8260) ....ccceeeernecnncssns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

By: :2 - /w

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

&.,IrASI ANALYTICAL SERVICES, INC.

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #5B8-1623655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39899-3

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 17D, 1/5/93, 1100hrs, received 1/5/93

RESULTS
Detection
Result Limit
PH (on site) (EPA 9040) ¢ cvtvivivrennnnanassanns 5.31 -
Specific Conductance (umhos/cm)

(on site) (EPA 9050) .t veenrernnnncassnnes 117.6 1
Temperature (°C)(on site)(EPA 170.1)......... 17.5 -
Ethylbenzene (ug/l) (EPA 8260)....cciuvassnns BDL 2
Tetrachloroethene (ug/l) (EPA 8260)........ e 55 2
Toluene (Ug/1}(EPA 8260} ...ccsvrcecuissvanrrons BDL 2
Trichloroethene (ug/l) (EPA B8260).....c0veusvnn ©  BDL 2
Xylenes (ug/l)} (EPA 8260)..... vt vicannensns BDL 5

BDIL. - Below Detection Limit

Respectfully submitted,

' Qewia o Decin

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 ® {404) 832-8144
FAX (404)892-2740 ® Federal 1.0, #58-1625655

ANALYTICAL SERVICES, INC.
_'ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0OF
Attention: Mr. Terry Snell Report No. 39899-4

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 175, 1/5/93, 1115hrs, received 1/5/93

RESULTS
Detection
Result Limit

PH (on Site@) (EPA 9040) v vurvrnrvenusnnerneans 5.00 -

Specific Conductance (umhos/cm)
(on site) (EPA 9050) .o v vt v i i et ceneronnaas 74.3 1
L Temperature (°C)(on site) (EPA 170.1)...00...- 17.3 -
Ethylbenzene (ug/l) (EPA 8260)......c0.0000uu BDL 2
Tetrachloroethene (ug/l) (EPA 8260} ... 00 veea 34 2
Toluene (Ug/1)(EPA B260) ..u v enscnnncnsas BDL 2
Trichloroethene (ug/l) (EPA 8260)...cvevuuvesnrs BDL 2
Xylenes (UG/1) (EPA 8260) evvinervnernnnennsns BDL 5

BDL - Below Detection Limit

Respectfully submitted,

" Lo i

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc,



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404} 892-8144
FAX (404)882-2740 ® Federal | D. #58-1625655

(ASI ANALYTICAL SERVICES, INC.

LABORATORY REPQRT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0F
Attention: Mr. Terry Snell Report No. 39900-1

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 2SR, 1/5/93, 1020hrs, received 1/5/93

RESULTS
Detection
Result = __Limit
Total Barium (Ba) (ug/l) (EPA 6010).cceeevnsans BDL 200

Total Cadmium (Cd) (ug/l) (EPA 7131)..cccveveen. BDL 5.0

Total Chromium (Cr)(ug/l) (EPA 7191).......... 12 10.0

Total Lead (Ph)(ua/1)(EPA 7421)..evacecaneans BDL 5.0

s Total Nickel (Ni) (ug/l) (EPA 6010)...cecvvenns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

By: ﬁw/@h‘“

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-1625655

lAS' ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-2

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 3S, 1/5/93, 1025hrs, received 1/5/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (ug/l) (EPA 6010)....cc0mvnvsn BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)....c0004s.- BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).¢.cuvvenn BDL 10.0
o Total Lead (Pb) (Ug/1) (EPA 7421).cuuceennnrnnn BDL 5.0
o Total Nickel (Ni)(ug/l) (EPA 6010)...cceeucens BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
ov:  Desie g/ Do

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Anaiytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-B144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-3

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 6S, 1/5/93, 1l010hrs, received 1/5/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (ug/1l) (EPA 6010).......ccun BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)...cvevevne BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).......... BDL 10.0
,. Total Lead (Pb) (ug/1l) (EPA 7421) c.vvuvevnnnnnsn BDL 5.0
N\ Total Nickel (Ni) (ug/l) (EPA 6010)...ccvvvesnn- BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: (ﬁ)ﬁ ot 4//CQ%L£x

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPQORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.C. No. 13371-0QP
Attention: Mr. Terry Snell Report No. 39900-4

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 7D, 1/5/93, 1000hrs, received 1/5/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (ug/l) (EPA 6010)......ccen.. BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)...c0vvanvn- BDL 5.0
o Total Chromium (Cr)(ug/l)(EPA 7191).......... BDL 10.0
‘'  Total Lead (Pb)(ug/1) (EPA 7421) «uveunneennnss BDL 5.0
Total Nickel (Ni) (ug/1) (EPA 6020).....ccvvnnn- BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

By: ¢ ewcie /@&M

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #5B-1625655

ANALYTICAL SERVICES, INC.
_IASI

LABORATORY REPQRT

William L. Bonnell Co. Inc. January 26, 1993

PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0OF
Attention: Mr. Terry Snell Report No. 39900-5 |

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 7S, 1/5/93, 0955hrs, received 1/5/93

RESULTS
Detection
Result Limit
Total Barium (Ba) (ug/l) (EPA 6010)....ce0svv-- BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)...ccvsnenn BDL 5.0
Total Chromium (Cr){ug/l) (EPA 7191).......... BDL 10.0
- Total Lead (Pb)(ug/l)(EPA 7421)....ccuiuvrssnn BDL 5.0
kw’ Total Nickel (Ni) (ug/l)(EPA 6010)....v00-vuns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
Byt (Jpvciwn of Qi

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

‘ ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

william L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-6

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 125, 1/5/93, 1035hrs, received 1/5/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (ug/l1l) (EPA 6010)............ BDL ' 200
Total Cadmium (Cd) (ug/l) (EPA 7131)....ccc0ves BDL 5.0
Total Chromium (Cr) (ug/l)(EPA 7191)....ccvv.nn BDL 10.0
; Total Lead (Pb) (ug/1l) (EPA 7421)....cvvvnecnn- BDL 5.0
A Total Nickel (Ni)(ug/l) (EPA 6010)..ccsvvvnsns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: - .

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

] ANALYTICAL SERVICES, INC.
IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0Q. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-7

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 135S, 1/5/93, 0925hrs, received 1/5/93

RESULTS

Detection

Result Limit

Total Barium (Ba) (ug/1l) (EPA 6010) ceveecennnn. BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).........4. BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)....cc000n. BDL 10.0
. Total Lead (Pb) (Ug/1l) (EPA 7421) ccevcennnnnann BDL 5.0
e Total Nickel (Ni) (ug/1) (EPA 6010).ccvevecens . 11 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: ‘ /é&u
emior

cc: Mr. Dave Buchalter (EMCCN SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30305 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #5B-1625655

‘ ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-8

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 15S, 1/5/93, 0950hrs, received 1/5/93

RESULTS

Detection

Result Limit

Total Barium (Ba) (ug/l) (EPA 6010}........000. BDL 200

Total Cadmium (Cd) (ug/l) (EPA 7131)...ccesessses BDL 5.0

Total Chromium (Cr)(ug/l) (EPA 7191).......... BDL 10.0

’ Total Lead (Pb) (ug/l)(EPA 7421} ....0sccvveass BDL 5.0
o Total Nickel (Ni} (ug/l) (EPA 6010)......cc0n-.. BDL 10.0

BDI. - Below Detection Limit

Respectfully submitted,

o QW/%

cc: Mr. Dave Buchalter (EMCON SE}

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE ® ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-9

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 46S, 1/5/93, 1005hrs, received 1/5/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (ug/l) (EPA 6010)...cusvsesnn BDL 200
Total Cadmium (Cd) {ug/1l) (EPA 7131)..+..cceevv-- BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191).......... BDL 10.0
O Total Lead (Pb) (ug/l) (EPA 7421)....siveveenne BDL 5.0
N Total Nickel (Ni) (Ug/1l) (EPA 6010) «ueuneeennns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
By: - )
Y K£264uub°‘4/( éﬁk&ubx

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

; ANALYTICAL SERVICES, INC.
_'ASI

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal [.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993

PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39900-10

Sample: Groundwater, grabk, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 47S, 1/5/93, 1030hrs, received 1/5/93

RESULTS
Detection

Result Limit
Total Barium (Ba) (ug/l)} (EPA 6010).....cccc0tn BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131} ...ce0vv-e BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)..ccucvsan. BDL 10.0
Total Lead (Pb) (ug/l}(EPA 7421)...cccvuevsnns BDL 5.0
Total Nickel (Ni) (ug/l)(EPA 6010)....ccxvevss BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

By: Q . /w

cc: Mr. Dave Buchalter (EMCON SE)

3-90000

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal I.D. #58-1625655

\VFASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0O. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39930-~1

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 4S, 1/6/93, 1115hrs, recelved 1/6/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (Uug/l) (EPA 6010).....ccrvnn- BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131).ecceures-s BDL 5.0
_ Total Chromium (Cr) (ug/l) (EPA 7191).....vc0n BDL 10.0
. Total Lead (Pb)(ug/l) (EPA 7421)..ceeccccnnnns BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010)...cecevennn BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,
L in A Seine
Lnrat A

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ Federal }.D. #5B-1625655

WIASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39930-2

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 55, 1/6/93, 1120hrs, received 1/6/93

: RESULTS
‘ Detection
Result Limit
Total Barium (Ba) (ug/l) (EPA 6010)......0000.. BDL 200
Total Cadmium (Cd) (ug/1l) (EPA 7131)..+eccvu.nn . BDL 5.0
Total Chromium (Cr){(ug/l) (EPA 7191).....+.... BDL 10.0
" Total Lead (Pb) (ug/l) (EPA 7421)...uvvrnnennas BDL 5.0
Total Nickel (Ni) (ug/l)(EPA 6010)..........4. BDL 10.0

BDL. - Below Detection Limit

Respectfully submitted,

¥ Lo o Do

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analylical Services, Inc.



ASI ANALYTICAL SERVICES, INC.
|

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.0. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39930-3

sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring; HW-087, 17D, 1/6/93, 1050hrs, received 1/6/93

RESULTS
Detection
_ Result Limit

Total Barium (Ba) (ug/l) (EPA 6010).......ccen> BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131)...cececnc-s BDL 5.0
Total Chromium (Cr) (ug/l) (EPA 7191)....-.cs.. BDL 10.0
Total Lead (Pb)(ug/l) (EPA 7421).c.evencvnnnns BDL 5.0
Total Nickel (Ni) (ug/1l) (EPA 6010) .c.cvevncesns BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

e (QW/(Q&A

cc: Mr. Dave Buchalter (EMCON SE)

A Unit of American Analytical Services, inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEOCRGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

ANALYTICAL SERVICES, INC.
_IASI

LABORATORY REPORT

William L. Bonnell Co. Inc. January 26, 1993
PO Box 428

Newnan, GA 30264 P.C. No. 13371-0P
Attention: Mr. Terry Snell Report No. 39930-4

Sample: Groundwater, grab, Quarterly Corrective Action Groundwater
Monitoring/ HW-087, 17S, 1/6/93, 1100hrs, received 1/6/93

RESULTS
Detection

Result Limit

Total Barium (Ba) (ug/l) (EPA 6010)........00.. BDL 200
Total Cadmium (Cd) (ug/l) (EPA 7131).....000... BDL 5.0
Total Chromium (Cr)(ug/l}(EPA 7191)....cct... BDL 10.0
. Total Lead (Pb) (ug/l) (EPA 7421)...cccvevcvsnen BDL 5.0
" Total Nickel (Ni){(ug/l) (EPA 6010)....c.evrusn- BDL 10.0

BDL - Below Detection Limit

Respectfully submitted,

By .ﬁw  Dpeen

cc: Mr. Dave Buchalter (EMCON SE)
3=-36000

¥X-111000
T-147000

A Unit of American Analytical Services, Inc.
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ASI ANALYTICAL SERVICES, INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 832-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

October 28, 19292

Mr. Terry Snell

William L. Bonnell & Co.
25 Bonhell Street
Newnan, Georgla 30264

Dear Terry:

Enclosed - you will you find the reissued field gas
chromatograph data summary for the environmental investigations
conducted on October 20" and 21*. I have incorporated your requested

format changes including:

* Changing the detection limit terminology from Not Detected
(ND) to Below Detection Limit (BDL);

* Report as the State detection limits as opposed to the
instrument’s detection limits; and

* Providing the analyst’s signature on each summary.

ASI appreciates the opportunity to provide our services to
your corporation. Should you have any guestions or regquire further
assistance, please contact me at (404)892-8144.

Sincerely,
/'-:'7//

Dahriy Brookshire
Mobile Laboratory Manager

BONNELL2

A Unit of American Analytical Services, Inc.
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FEASIBILITY AND CORRECTIVE ACTION PLAN MARCH 1993

APPENDIX A

Aquifer Test Data
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ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ {404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

l ANALYTICAL SERVICES, INC.
[ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. December 23, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No., 2494 000 QP

Object Code 1.2026.45

Attention: Mr. Terry Snell Report No. 39378-1

Sample: Groundwater, grab, CAP Aquifer Testing, DW1l, 12/3/92, 1418hrs.
received 12/8/92

RESULTS

Result Detection

Volatile Qrganics (EPA 8260) (ug/1} Limit (ug/l)
Tetrachloroethene. .......o0vs e ceetraeenns 120 2
N TOLUCIIC . o « v s s s s sssssesessenssnssnnessasssanes BDL 2
Trichlorcethene........iiieioasns st eaca s 7 2
Vinyl chloride.....ocetivereenvsancssscansonas BDL 2
Ethylbenzene. ... cevereiriosesssncacsosanssssn BDL 2
1,1-Dichloroethene....... ceaeenn ceeeannanrns BDL 2
XylenesS. coceeerensoaenns cee s eeans cese e BDL 5

BDIL - Below Detection Limit

Respectfully submitted,

o /5/%/%@%/

cc: Mr. Dave Buchalter
EMCON

A Unit of American Analytical Services, Inc.



'ASI

wWilliam L.
PO Box 428
25 Bonnell
Newnan, GA

Attention:

Sample: Groundwater, grab, CAP Aquifer Testing, DW1,

ANALYTICAL SERVICES,

INC.

ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144

FAX (404)892-2740 @ Federal |.D. #58-1625655

LABORATORY REPORT

Bonnell Co. Inc. December 23, 1952
Street
30264 P.O, No. 2494 000 OP

Object Code 1.2026.45

Mr. Terry Snell Report No. 39378-2

received 12/8/92

RESULTS

Result
Volatile Organics (EPA 8260) {ug/1)
Tetrachloroethene. ... .vi et e cveraccsensna 280
Toluene...... et e re s sttt et et s et et ne s nnaas BDL
Trichlorcethene. .. ..ot veesesscoserensseanssn i3
Vinyl chloride...cceeeeiceeeeconesononnannss . BDL
Ethylbenzene..... C e s e s seecreat s er s BDL
1,1-Dichloroethene....ceiesercrsccssasassssnns BDL
Xylenes.......... Cee s Gt earetaasereneanen BDL

12/4/92, 1425hrs,

Detection

Limit (ug/1)

MR DN

BDL - Below Detection Limit

Respectfully submitted,

Y A

cc: Mr. Dave Buchalter

EMCON

A Unit of American Analytical Services, {nc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS

390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) B92-8144
FAX (404)892-2740 @ federal 1.D. #58-1625655

ANALYTICAL SERVICES, INC.
_ASI

LABORATORY REPQRT

William L. Bonnell Co. Inc. December 23, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0. No. 2494 000 OP

Object Code 1.2026.45

Attention: Mr. Terry Snell Report No. 39378-3

Sample: Groundwater, grab, CAP Aquifer Testing, DW1l, 12/5/92, 1430hrs,
received 12/8/92

RESULTS

Result Detection

Volatile QOrganics (EPA 8260) (ua/l) Limit (ug/1)
‘ Tetrachloroethene............. beessssecssas e 300 2
o TOlUENE . e v v v eessessaeonsonnns e e s erenann BDL 2
Trichloroethene.....ceevevenesn G re s 14 2
Vinyl chloride.......c.ciiiieiinnnnsnnns e BDL 2
Ethylbenzene. ... .ot iieeeteensssasanssannnos BDL 2
1,1-Dichloroethene..... S et st c s esas s e BDL 2
XV1enesS., v iaescnasnonenns ter e n e -BDL 5

BDL - Below Detection Limit

Respectfully submitted,

o /j//%j/a Ogg»f"’

cc: Mr. Dave Buchalter
EMCON

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TAABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX {404)892-2740 @ Federal I.D. #58-1625655

ANALYTICAL SERVICES, INC.
ASI

LABORATORY REPORT

William L. Bonnell Co. Inc. December 23, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494 000 OP

Object Code 1,2026.45
Attention: Mr. Terry Snell Report No. 39378-4

Sample: Groundwater, grab, CAP Aquifer Testing, DW1l, 12/6/92, 1:50hrs
received 12/8/92

RESULTS

Result Detection

Volatile Organics (EPA 8260) (ug/1l) Limit (ug/l)
Tetrachloroethene. ... ... .cvev v seesesannnn .o 290 2
\ POLUCIIC . ¢ o e vt vvneesssocasnssessssseanenssnsen BDL 2
Trichlorcethene . o e e enerassansnaassacanesss 12 2
Vinyl chloride.......c.v. G eeseasanersasasses BDL 2
Ethylbenzene.....c...» v sesraenaen s hesaa e BDL 2
1,1-Dichlorocethene......ccieitenessccnnnsns - BDL 2
Xylenes...... vesesans ceeeee Ceeetsccatan e - BDL s

BDL - Below Detection Limit

Respectfully submitted,

Bl —

cc: Mr. Dave Buchalter
EMCON

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal 1.D. #58-16256535

[ ANALYTICAL SERVICES, INC.
TASI

LABORATORY REPCORT

William L. Bonnell Co. Inc. December 31, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.0O. No. 2494-000 QP

Object Code: 1.2026.45
Attention: Mr. Terry Snell Report No. 39691-1

Sample: Groundwater, grab, CAP Aquifer Testing, DW2, 12/18/92, 1650hrs.
received 12/21/92

RESULTS

Result Detection

Volatile Organics (EPA 8260) (ug/1) Limit (ug/1)
Tetrachloroethene....c.veeeeenss s r e r et 70 2
o TolUuBNE. s aeeerers W em e s e s et et ettt e e . 10 2
Trichloroethene....c.cceeeerocecsons Ceeeasarens BDL 2
Vinyl chloride..ee e serocenenenseersssseesans BDL 2
Ethylbenzene. .. v oeee st tvseaassesonssnonscsses BDL 2
1,1-Dichloroethene.......ee0es. e eeesaatasaae BDL 2
XY leNeS . i ittt s s snsesesssssssscsonnsssssssssss EDL 5

BDL - Below Detection Limit

Respectfully submitted,

o

cc: Mr. Dave Buchalter
(EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federal |.D. #58-1625655

I ANALYTICAL SERVICES, INC,
TASI

LABORATORY REPORT

William L. Bonnell Co. Inc. December 31, 1962

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2494-000 OP

Object Code: 1.2026.45

Attention: Mr. Terry Snell Report No. 39691-2

Sample: Groundwater, grab, CAP Aquifer Testing, DW2, 12/19/92, 1600hrs.
received 12/21/92 :

RESULTS

Result Detection

Volatile Organics (EPA 8260) : {ug/1) Limit (ug/1)
; Tetrachloroethene.......... G et st et e et e 10 2
e’ TOLUCTIC . ¢ s o o s s v sossesnnrssennsennns Ceeeassran . BDL 2
Trichloroethene. . ... vceeeeeeccerenssssnssnssns 10 2
Vinyl chloride. .. ..ttt neenessnennsansnsnns BDL 2
Ethylbenzene. . icci et vssssssnssssns s s ssanns BDL 2
1,1-Dichloroethene......ciiiiveeesrocnssnnsan BDL 2
Xvlenes... oo ssnneannes teerraanean tems BDL 5

BDL -~ Below Detection Limit

Respectfully submitted,

" Bl

cc: Mr. Dave Buchalter
(EMCON SE)

A Unit of American Analytical Services, Inc.



ENVIRONMENTAL MONITORING & LABORATORY ANALYSIS
390 TRABERT AVENUE @ ATLANTA, GEORGIA 30309 @ (404) 892-8144
FAX (404)892-2740 @ Federai |.D. #58-1625655

'LJ]ASI ANALYTICAL SERVICES, INC.

LABORATORY REPORT

William L. Bonnell Co. Inc. December 31, 1992

PO Box 428

25 Bonnell Street

Newnan, GA 30264 P.O. No. 2484-000 OP
Object Code: 1.2026.45

Attention: Mr. Terry Snell Report No. 39691-3

Sample: Groundwater, grab, CAP Agquifer Testing, DW2, 12/20/92, 1l100hrs.
received 12/21/92

RESULTS

Result Detection

Volatile Organics (EPA 8260) {(ug/1) Limit {(ug/l)
Tetrachlorcethene. .. i iieinerceracsasensannse 80 2
; TolURNe. . v it vteeevscncscnosnonseos f et a st e BDL 2
P Trichloroethene. .. veveiesaneeennss cesrs s anea 10 2
Vinyl chloride.......... ceese et ey BDL 2
Ethylbenzene....c..veevsens s erersas e easanen BDL 2
1,1-Dichloroethene......cccivuue. Cerceraeaeas BDL 2
Xylenes.....veeneennans tesetetsss e ceso s BDL 5

BDL ~ Below Detection Limit

Respectfully submitted,

By: /5 ‘%00@5(/9/'\—'

cc: Mr. Dave Buchalter
(EMCON SE)

A Unit of American Analytical Services, Inc.



FEASIBILITY AND CORRECTIVE ACTION PLAN MARCH 1993

APPENDIX A

Chain of Custody Records
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AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

" Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft): O

Static water level (ft): 6.80

Maximum drawdown (ft): 9.75

RECOVERY DATA — RESIDUAL DRAWDOWN (s')

PW-1
Time since Water depth s'(ft)
pump stopped (ft)
t'(min)
0.2 9.4 0.35
0.5 9.2 0.55
0.75 9 0.75
1 8.81 0.94
1.25 8.64 1.11
1.5 8.51 1.24
1.75 8.37 1.38
2.1 8.2 1.55
2.7 8 1.75
3.25 7.84 1.91
3.55 7.76 1.99
4 7.68 2.07
4.45 7.66 2.09
58 7.55 2.2
5.1 7.5 225
5.7 7.45 23
6.25 7.4 2.35
6.75 7.35 24
7.45 7.32 2.43
8 7.28 2.47
9 7.24 2.51
10 7.22 2.53
12 7.17 2.58
15.7 7.15 2.6
20 7.1 2.65

25 7.69 2.66



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

" Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/20 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft): O

Static water level (ft): 6.80

Maximum drawdown (ft): 9.75

RECOVERY DATA - RESIDUAL DRAWDOWN (s’)

PW-1
Time since Water depth s'(ft)
pump stopped (ft)
t' (min)
35 7.05 2.7
45 7.02 2.73
60 7 2.75
90 6.97 2.78
231 6.91 2.84
286 6.91 2.84
345 6.9 2.85
530 6.88 2.87
713 6.89 2.86
790 6.84 2.91
1005 6.87 2.88
1412 6.75 3



" AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft. S
(based on length of screen for " S e

partially penetrating pumping well) AT

Distance from pumping well (ft): 0
Static water level (ft): 6.80
Maximum drawdown (ft): 9.75

DRAWDOWN DATA (s)

PW-1
Time since Water depth s (ft)
pump started (f)
t (min)
0.00 6.96 0
0.25 7.50 0.54
0.75 7.79 0.83
1.18 7.95 0.99
1.50 8.05 1.09
2.00 8.11 1.15
2.50 8.16 1.2
3.00 8.20 1.24
3.50 8.24 1.28
4.00 8.26 1.3
475 8.29 1.33
5.50 8.31 1.35
6.50 8.34 1.38
7.50 8.36 1.4
8.50 8.38 1.42
10.00 8.39 1.43
12.25 8.41 1.45
15.00 8.43 1.47
17.00 8.44 1.48
20.17 8.46 1.5
25.50 8.40 1.44
34.00 B8.40 1.44
35.42 8.45 1.49
35.80 8.47 1.51
36.17 8.50 1.54



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga
Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/08/90 Time: 1422

Pump off:Date 3/11/20 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating well)

Distance from pumping well (ft): O

Static water level (ft): 6.80

DRAWDOWN DATA (s)

PW-1

Time since Water depth s (ft)

pump started (ft)

t (min)

38.00 8.52 1.56
40.27 8.52 1.56
43.75 8.68 1.72
44.25 8.86 1.9
44,55 8.96 2
4522 9.14 2.18
46.00 9.26 2.3
46.50 9.33 2.37
47.00 9.40 2.44
47.50 0.44 2.48
48.00 9.47 2.51
49.00 9.50 2.54
50.00 9.55 2.59
51.00 9.59 2.63
52.00 9.60 2.64
54.67 9.63 2.67
56.67 9.63 2.67
60.00 9.56 2.6
63.60 9.73 2.77
64.13 9.87 2.91
64.50 9.91 2.95
65.17 10.04 3.08
65.83 10.10 3.14
66.67 10.15 3.19
67.50 10.21 3.25
69.00 10.28 3.32



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

, Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating well)

Distance from pumping well (ft): O

Static water level (ft): 6.80

DRAWDOWN DATA (s)

PW-1
Time since Water depth s (ft)
pump started (ft)
t (min)
72.00 10.38 3.42
75.00 10.28 3.32
92.50 10.35 3.39
105.00 10.30 3.34
120.00 10.21 3.25
150.00 10.10 3.14
163.00 10.25 3.29
190.00 10.27 3.31
248.00 10.21 3.25
308.00 10.11 3.15
368.00 10.02 3.06
428.00 9.72 2.76
488.00 9.73 277
548.00 9.73 277
608.00 9.75 2.79
668.00 9.77 2.81
728.00 9.81 2.85
799.00 9.87 2.91
868.00 9.82 2.86
944.00 9.78 2.82
998.00 9.73 277
1077.00 9.69 273
1150.00 9.72 2.76
1215.00 9.75 279
1272.00 9.95 2.99
1333.00 9.93 2.97

1394.00 9.80 2.84



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

- Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating well)

Distance from pumping well (ft): O

Static water level (ft): 6.80

DRAWDOWN DATA (s)

PW-1

Time since Water depth s (ft)

pump started (ft)
t (min)
1451.00 9.83 2.87
1513.00 9.80 2.84
1574.00 9.67 2.71
1656.00 9.60 2.64
1828.00 9.65 2.69
1983.00 9.72 2.76
2138.00 9.73 2.77
2273.00 9.83 2.87
2436.00 9.79 2.83
2578.00 9.78 2.82
2739.00 9.76 2.8
2799.00 9.88 2,92
2869.00 9.93 2.97
2951.00 9.9 2.95
2968.00 12.15 5.19
3039.00 9.77 2.81

3094.00 9.75 2.79



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

- Dates of Test: 3/09/30 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 13.99

DRAWDOWN DATA (s)

Pz—-1
Time since Water depth s (ft)
pump started (ft)
t (min)
7.75 14 0.01
18.5 14 0.01
26.25 14 0.01
28.5 13.99 0
45.33 13.99 0
60.75 13.99 0
76.25 13.98 —0.01
188.5 13.97 —0.02
258 13.96 —0.03
308 13.98 —-0.01
368 13.96 -0.03
428 13.98 —0.01
488 13.94 —-0.05
548 13.93 —0.06
608 13.93 —0.06
676 13.82 -0.07
736 13.93 —0.06
807 13.94 —0.05
873 13.92 —-0.07
951 13.92 -0.07
1005 13.93 —0.06
1085 13.94 -0.05
1166 13.94 —0.05
1227 13.84 —0.05
1286 13.93 —0.06
1343 13.93 —-0.06



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

. Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 13.99

DRAWDOWN DATA (s)

Pz-1

Time since Water depth s (ft)

pump started (ft)

t (min)

1463 13.92 -0.07
1525 13.92 -0.07
1665 13.92 —-0.07
1835 13.92 —-0.07
1989 13.96 -0.03
2138 13.96 —-0.03
2280 13.94 —-0.05
2438 13.95 —-0.04
2578 13.85 -0.04
2730 13.95 -0.04
2790 13.94 —0.05
2860 13.94 —-0.05
2959 13.94 —0.05
3042 13.94 -0.05



&

AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga
Dates of Test: 3/08/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 5.03

Maximum drawdown (ft): 5.10

DRAWDOWN DATA (s)

Pz—-2
Time since Water depth s (ft)
pump started (ft)
t (min)
0 5.03 0
2.5 5.03 0
8.1 5.03 0
11.5 5.03 0
14.75 5.03 0
17.5 5.03 0
22.5 5.03 0
2525 5.03 0
20.25 5.03 0
32.5 5.03 0
37 5.03 0
41 5.04 0.01
44.5 5.04 0.01
60 5.03 0
65.42 5.04 0.01
110 5.05 0.02
182 5.05 0.02
253 5.05 0.02
308 5.08 0.05
368 5.07 0.04
428 5.09 0.06
488 5.07 0.04
548 5.05 0.02
613 5.07 0.04
671 5.06 0.03

731 5.06 0.03



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

; Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 5.03

Maximum drawdown (ft): 5.10

DRAWDOWN DATA (s)

Pz—-2
Time since Water depth s (ft)
pump started (ft)
t {(min)
802 5.07 0.04
871 5.06 0.03
946 5.08 0.05
1000 5.05 0.02
1080 5.04 0.01
1155 5.08 0.05
1219 5.08 0.05
1277 5.07 0.04
1336 5.07 0.04
1398 5.07 0.04
1458 5.07 0.04
1518 5.08 0.05
1579 5.06 0.03
1660 5.05 0.02
1830 5.07 0.04
1984 5.07 0.04
2137 5.07 0.04
2272 5.08 0.05
2439 5.08 0.05
2579 5.09 0.06
2737 5.1 0.07
2797 5.08 0.05
2867 5.08 0.05
2956 5.08 0.05
3044 5.08 0.05



s

AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

. Dates of Test; 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off.Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ff):

Static water level (ft): 7.74

Maximum drawdown (ft); 7.88

DRAWDOWN DATA (s)

Pz-3
Time since Water depth s (ft)
pump started (ft)
t (min)
0 7.74 0
1 7.77 0.03
4 7.78 0.04
7.5 7.78 0.04
11 7.79 0.05
14 7.8 0.06
17 8.8 1.06
21 8.8 1.06
24.75 8.8 1.06
28.5 8.8 1.06
32 8.8 1.06
36.5 7.79 0.05
40 7.79 0.05
43.7 7.79 0.05
49 7.8 0.06
59 7.82 0.08
73 7.83 0.09
113 7.84 0.1
184 7.84 0.1
254 7.84 0.1
308 7.88 0.14
368 7.93 0.19
428 7.86 0.12
548 7.84 0.1
615 7.85 0.11

673 7.89 0.15



AQUIFER TEST DATA

Test Location: Bonnell, inc,, Newnan, Ga

. Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 7.74

Maximum drawdown (ft): 7.88

DRAWDOWN DATA (s)

Pz-3
Time since Water depth s (ft)
pump started (ft)
t (min)
732 7.89 0.15
803 7.94 0.2
870 7.84 0.1
947 7.84 0.1
1002 7.8 0.06
1082 7.81 0.07
1157 7.84 0.1
1221 7.86 0.12
1280 7.87 0.13
1338 7.87 0.13
1400 7.86 0.12
1460 7.86 0.12
1520 7.86 0.12
1582 7.84 0.1
1662 7.81 0.07
1832 7.85 0.11
1986 7.86 0.12
2138 7.86 0.12
2273 7.87 0.13
2441 7.87 0.13
2580 7.87 0.13
2738 7.88 0.14
2798 7.87 0.13
2868 7.86 0.12
2958 7.87 0.13



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

i Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft). 7.74

Maximum drawdown (ft): 7.88

DRAWDOWN DATA (s)

pPz-3
Time since Water depth s (ft)
pump started (ft)

t (min)




AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

i Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery; 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 7.18

DRAWDOWN DATA (s)

Pz—4
Time since Water depth s (ft)
pump started (ft)
t (min)
0.25 7.18 0
0.5 7.18 0
0.75 7.19 0.01
1 7.2 0.02
1.25 7.22 0.04
1.5 7.24 0.06
1.75 7.26 0.08
2 7.28 0.1
25 7.32 0.14
3 7.35 0.17
3.5 7.38 0.2
4 7.4 0.22
4.5 7.43 0.25
5 7.44 0.26
5.5 7.46 0.28
6 7.5 0.32
6.5 7.5 0.32
7 7.51 0.33
7.5 7.53 0.35
8 7.52 0.34
8.5 7.54 0.36
9 7.55 0.37
9.5 7.56 0.38
10 7.57 0.39
11 7.59 0.41
12 7.59 0.41



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

; Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm). .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level {ft): 7.18

DRAWDOWN DATA (s)

Pz-4

Time since Water depth s (ft)

pump started (ft)

t {min}

14 7.61 0.43
15 7.62 0.44
16 7.63 0.45
17 7.63 0.45
18 7.64 0.46
19 7.65 0.47
20 7.66 0.48
21 7.65 0.47
22 7.66 0.48
22 7.65 0.47
23 7.65 0.47
24 7.65 0.47
25 7.65 0.47
26 7.65 0.47
27 7.66 0.48
28 7.65 0.47
29 7.65 0.47
30 7.65 0.47
34 7.65 0.47
36 7.65 0.47
37 7.66 0.48
38 7.68 0.5
39 7.68 0.5
41 7.68 0.5
42 7.68 0.5
43 7.69 0.51



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

. Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/30 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft).

Static water level (ft): 7.18

DRAWDOWN DATA (s)

Pz—-4

Time since Water depth s (ft)

pump started (ft)

t {min)

45 7.72 0.54
46 7.75 0.57
47 7.8 0.62
48 7.83 0.65
49 7.84 0.66
50 7.88 0.7
51 7.91 0.73
53 7.94 0.76
54 7.95 0.77
55 7.96 0.78
56 7.98 0.8
57 7.98 0.8
58 7.98 0.8
59 7.98 0.8
60 7.98 0.8
61 7.99 0.81
63 7.97 0.79
64 7.98 0.8
65 7.99 0.81
66 8.03 0.85
67 B.06 0.88
68 8.09 0.91
69 8.1 0.92
71 B.14 0.96
73 8.17 0.99
75 8.18 1



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

- Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours {3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well {ft).

Static water level (ft): 7.18

DRAWDOWN DATA (s)

Pz—4
Time since Water depth s (ft)
pump started (ft)
t (min)
99 8.12 0.94
149 8.12 0.94
191 8.15 0.97
248 8.13 0.95
308 8.11 0.93
368 8.11 0.93
428 8.02 0.84
488 8.01 0.83
548 8.01 0.83
616 8 0.82
674 8.01 0.83
733 8.03 0.85
804 8.04 0.86
871 8.02 0.84
948 8.04 0.86
1007 7.95 0.77
1082 7.94 0.76
1110 7.98 0.8
1223 8.01 0.83
1282 8.07 0.89
1340 8.06 0.88
1401 8.05 0.87
1452 8.05 0.87
1521 8.02 0.84
1583 7.97 0.79
1659 7.93 0.75



AQUIFER TEST DATA

Test Location: Bonnel, inc., Newnan, Ga

, Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 7.18

DRAWDOWN DATA (s)

Pz—-4

Time since Water depth s (ft)

pump started (ft)

t (min)

1986 7.98 0.8
2138 8.01 0.83
2273 8.05 0.87
2442 8.04 0.86
2581 8.03 0.85
2738 8.03 0.85
2798 8.05 0.87
2868 8.06 0.88
2961 8.03 0.85
3046 7.99 0.81



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

. Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 9.72

DRAWDOWN DATA (s)

Pz-5
Time since Water depth s (ft)
pump started (ft)
t (min)
4 9.72 0
4,75 9.72 0
10.25 9.72 0
13.25 9.73 0.01
16.25 9.73 0.01
20.25 9.73 0.01
24.5 9.73 0.01
27.8 9.73 0.01
31 9.73 0.01
35.5 9.72 0
39.1 9.72 0
42.75 9.72 0
475 9.73 0.01
62.5 9.73 0.01
78 9.74 0.02
120 9.73 0.01
185 9.75 0.03
-9.72
1083 977 0.05
1163 9.79 0.07
1224 9.8 0.08
1283 9.81 0.09
1341 9.81 0.09
1503 9.81 0.09
1451 9.81 0.09
1518 9.82 0.1

1586 9.83 0.11



C

 AQUIFER 'I"EST DATA

Test Location: Bonnell, inc., Newnan, Ga
Dates of Test; 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off.Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes}
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer {b): 20 ft.

(based on length of screen for

partially penetrating pumping well}

Distance from pumping well (ft):

Static water level (ft): 9.72

DRAWDOWN DATA (s)

Pz-5

Time since Water depth s (ft)

pump started (ft)

t (min)

1657 9.81 0.09
1828 9.83 0.11
1982 9.86 0.14
2141 9.83 0.11
2283 9.83 0.11
2438 9.87 0.15
2579 9.84 0.12
2733 9.85 0.13
2793 9.88 0.16
2863 0.86 0.14
2958 9.86 0.14
3042 9.87 0.15
2096 9.88 0.16



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

;i Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm). .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft): 31

Static water level (ft): 6.96

Maximum drawdown (ft): 10.73

DRAWDOWN DATA (s)

Pz—-6
Time since Water depth s (ft)
pump started (ft)

t (min)

0.00 10.56 0.00
38.25 10.56 0.00
77.58 10.58 0.02

118.58 10.59 0.03
186.58 10.6 0.04

250 10.61 0.05

310 10.62 0.06

365 10.65 0.09

420 10.63 0.07

500 10.63 0.07

700 10.63 0.07

800 10.63 0.07

865 10.64 0.08

965 10.65 0.09

1084.00 10.64 0.08
1164.00 10.65 0.09
1342.00 10.65 0.09
1524.00 10.66 0.10
1583.00 10.66 0.10
1653.00 10.65 0.09
1794.00 10.68 0.12
1853.00 10.68 012
1948.00 10.67 0.11
2098.00 10.69 0.13
2248.00 10.68 0.12

2404.00 10.70 0.14



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

i Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft): 31

Static water level (ft); 6.96

Maximum drawdown (ft): 10.73

DRAWDOWN DATA (s)

Pz-6

Time since Water depth s (ft)

pump started (ft)
t (min)
2468.00 10.71 0.15
2544.00 10.70 0.14
2698.00 10.70 0.14
2758.00 10.69 0.13
2868.00 10.69 0.13
2964.00 10.70 0.14
3046.00 10.70 0.14

3104.00 10.71 0.15
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AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

; Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 9.63

DRAWDOWN DATA (s)

MW-2d
Time since Water depth s (ft)
pump started (ft)
t (min)
11 9.65 0.02
13.25 9.66 0.03
15.73 9.66 0.03
19 9.66 0.03
24.25 9.65 0.02
42,5 9.66 0.03
55.5 9.68 0.05
74 9.69 0.06
195 9.74 0.11
252 9.72 0.09
308 9.74 0.11
368 9.75 0.12
428 9.71 0.08
488 9.73 0.1
548 9.73 0.1
612 9.74 0.1
670 9.74 0.11
730 9.75 0.12
801 9.78 0.15
870 9.79 0.16
945 9.76 0.13
999 9.74 0.11
1080 9.72 0.09
1153 9.74 0.11
1218 9.75 0.12
1275 9.79 0.16



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga
Dates of Test: 3/03/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/20 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft); 9.63

DRAWDOWN DATA (s)

MW-2d

Time since Water depth s (ft)

pump started (ft)

t (min)

1397 9.71 0.08
1453 9.71 0.08
1516 9.78 0.15
1577 9.77 0.14
1658 9.74 0.11
1830 9.77 0.14
1984 9.77 0.14
2138 9.79 0.16
2273 9.78 0.15
2438 9.78 0.16
2577 9.8 0.17
2737 0.82 0.19
2797 9.82 0.19
2867 9.79 0.16
2953 9.8 0.17
3042 9.82 0.19



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga
Dates of Test: 3/09/90 to 3/12/20

Pump on:Date 3/09/90 Time: 1422

Pump off:Date 3/11/90 Time: 1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 8.37

DRAWDOWN DATA (s}

MW-2s
Time since Water depth s (ft)
pump started (ft)
t (min)
9 8.38 0.01
11.67 8.39 0.02
14.25 8.39 0.02
17.92 8.39 0.02
22 8.39 0.02
39 8.4 0.03
53 8.41 0.04
59 8.42 0.05
73 8.44 0.07
195 8.49 0.12
250 8.49 012
328 8.51 0.14
368 8.53 0.16
428 8.62 0.15
489 8.53 0.16
549 8.53 0.16
611 8.54 0.17
669 8.63 0.16
728 8.54 0.17
800 8.65 0.18
869 8.66 0.19
945 8.57 0.2
999 8.58 0.21
1080 8.56 0.19
11583 8.57 0.2
1218 8.57 0.2

1274 8.58 0.21



AQUIFER TEST DATA

Test Location: Bonnell, inc., Newnan, Ga

- Dates of Test: 3/09/90 to 3/12/90

Pump on:Date 3/09/90 Time:1422

Pump off:Date 3/11/90 Time:1815

Duration of pumping: 51.7 hours (3104 minutes)
Duration of recovery: 27 hours (1600 minutes)
Avg. Discharge (gpm): .66 to .625

Thickness of aquifer (b): 20 ft.

(based on length of screen for

partially penetrating pumping well)

Distance from pumping well (ft):

Static water level (ft): 8.37

DRAWDOWN DATA (s)

MW-2s

Time since Water depth s (ft)

pump started (ft)

t (min)

1332 8.58 0.21
1394 8.58 0.21
1458 8.59 0.22
1513 8.62 0.25
1572 8.58 0.21
1654 8.57 0.2
1825 8.58 0.21
1980 8.64 0.27
2134 8.58 0.21
2269 6.62 -1.75
2434 8.61 0.24
2576 8.63 0.26
2734 8.62 0.25
2794 8.64 0.27
2844 8.64 0.27
2929 8.62 0.25
3016 8.63 0.26
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WELL DW-2

Time Since Groundwater

Pump Started Water Depth | Drawdown Elevation

t (min) (ft.) (ft) (ft. MSL)
0 21.33 0.00 888.62
2 23.20 1.87 886.75
3.33 23.43 2.10 886.52
5.833 23.48 2.15 886.47
7.333 23.48 215 886.47
9 23.58 2.25 886.37
10.833 23.63 2.30 886.32
13.166 23.62 2.29 886.33
15,166 23.63 2.30 886.32
17.166 23.63 2.30 886.32
20 23.65 2.32 886,30
20.833 23.65 2.32 886.30
25.25 23.68 235 886.27
30 23.69 2.36 886.26
36.166 23.72 2.39 886.23
41.166 23.74 2.4 886.21
46.333 23.74 2.4 886.21
51.666 23.73 2.40 886.22
57.333 23.73 2.40 886.22
62.5 23.73 2.40 886.22
75.333 23.75 2.42 886.20
85 23.80 2.47 886.15
95 23.80 247 886.15
105 23.90 257 886.05
135 23.60 2.27 886.35
185 23.93 2.60 886.02
245 23.95 2.62 886.00
305 23.81 2.48 886.14
351 24.00 2.67 885.95
411 24.01 2.68 885.94
471 24.10 2.77 885.85
531 24.03 2.70 885.92
591 2410 2.77 885.85
658 2412 2.79 885.83
712 23.95 2.62 886.00
771 23.95 2.62 886.00
833 24.20 2.87 885.75
893 24.25 2.92 885.70
953 24.20 2.87 885.75
1013 24.25 2.92 885.70
1076 24.15 2.82 885.80




WELL DW-2

Time Since Groundwater
Pump Started Water Depth | Drawdown Elevation
t (min) (ft.) {ft.) (ft. MSL)
1134 24.28 2.95 885.67
1198 2433 3.00 885.62
1253 24.35 3.02 885.60
1316 24.20 2.87 B885.75
1377 24 35 3.02 885.60
1435 24.35 3.02 885.60
1493 24.35 3.02 885.60
1555 24.37 3.04 885,58
1673 24.30 2.97 885.65
1793 24.42 3.09 885.53
1913 24.44 3.11 885.51
2033 24 .42 3.09 885.53
2153 24.42 3.09 885.53
2273 24.43 3.10 885.52
2393 24.46 3.13 885.49
2513 24.48 3.13 885.49
2638 24.49 3.16 885.46
2753 24.55 3.22 885.40
2883 24.52 3.19 885.43




PIEZOMETER T-5

Time Since Groundwater

Pump Started Water Depth | Drawdown Elevation
t (min) (ft.) {ft.) {ft. MSL)

0 22.00 0 888.57

2.67 2211 0.1 888.46

4,67 2215 0.15 888.42

5.67 22,12 0.12 886.45

8,333 22.22 0.22 888.35

9.33 22.25 0.25 888.32

12.33 22.28 0.28 888.29

13.5 22.29 0.29 888.28

16.83 22.30 0.30 888.27

18.5 22.32 0.32 888.25

22.42 22.34 0.34 888.23

23.83 22.35 0.35 888.22

27 22.37 0.37 888.20

33 22.38 0.38 888.19

37 22.41 0.41 888.16

42 22.42 0.42 888.15

48 22.42 0.42 888.15

53 2245 0.45 888.12

57 22.47 0.47 888.10

71 22.48 0.48 888.09

83 22.54 0.54 888,03

93 22.56 0.56 888.01

103 22.59 0.59 887.98

133 22.62 0.62 887.95

183 22.63 0.63 887.94

243 22.67 0.67 887.90

303 22.68 0.68 887.89




PIEZOMETER T-5

Time Since Groundwater
Pump Started Water Depth | Drawdown Elevation
t (min) (ft.) (t.) (ft. MSL)
349 22,70 0.70 887.87
409 22.73 0.73 887.84
469 22.76 0.76 887.81
529 22.80 0.80 887.77
589 22.83 0.83 887.74
666 22.82 0.82 BB7.75
716 2295 0.95 887.62
771 22.90 0.90 887.67
835 23.03 1.03 887.54
896 22.85 0.85 B887.72
951 22.88 0.88 BB7.69
1011 22.90 0.90 887.67
1074 22.90 0.90 887.67
1131 22.93 0.93 B887.64
1197 22.96 0.96 887.61
1250 22.97 0.97 887.60
1312 22.97 0.97 887.60
1373 22.97 0.97 887.60
1433 22.97 0.97 887.60
1491 22.96 0.96 B8B87.61
1553 22,98 0.98 887.59
1670 22.98 0.98 887.59
1790 22,99 0.99 887.58
1910 23.01 1.01 887.56
2030 23.00 1.00 887.57
2150 23.00 1.00 887.57
2270 23.00 1.00 887.57
2390 23.03 1.03 B887.54
2510 23.04 1.04 887.53
2635 23.05 1.05 887.52
2750 23.10 1.10 BB87.47
2879 23.05 1.05 887.52




PIEZOMETER T-6

Time Since Groundwater

Pump Started Water Depth { Drawdown Elevation
t (min) (ft.) (ft.) (ft. MSL)

t 21.57 0.00 889.27

1 21.61 0.04 889.23

3.33 21.75 0.18 889.09

6.33 21.83 0.26 889.01

7.42 21.85 0.28 888.99

10 21.93 0.36 888.91

115 21.96 0.39 888.88

14.33 21.99 0.42 888.85

15.83 22.00 0.43 888.84

20.17 22.08 0.52 888.75

215 22.10 0.53 888.74

245 22.10 0.53 888.74

29.33 22.14 0.57 888.70

35.33 22.16 0.59 888.68

40 22.17 0.60 888.67

45 22.20 0.63 888.64

49 22.21 0.64 888.63

56 2222 0.65 888.62

61 22.23 0.66 888.61

74 22.26 0.69 888.58

83 22.30 0.73 888.54

93 22.31 0.74 888.53

103 22.32 0.75 888.52

133 22.37 0.80 888.47

183 22.40 0.83 888.44

243 22.45 0.88 888.39

303 22.49 0.92 888.35




PIEZOMETER T-6

Time Since Groundwater
Pump Started Water Depth | Drawdown Elevation
t (min) (ft.) (ft.) (ft. MSL)
349 22.50 0.93 888.34
409 22.55 0.98 888.29
469 22.58 1.01 888.26
529 22.62 1.056 888.22
589 22.63 1.06 888.21
656 22.63 1.06 888.21
712 22.65 1.08 888.19
770 22.67 1.10 888.17
833 22.68 1.11 888.16
893 22.70 1.13 888.14
950 22.72 1.15 888.12
1010 22.74 1.17 888.10
1073 22.71 1.14 888.13
1131 22.77 1.20 888.07
1195 22.80 1.23 888.04
1252 22.83 1.26 888.01
1310 22.81 1.24 888.03
1374 22.82 1.25 888.02
1432 22.83 1.26 888.01
1490 2282 1.25 888.02
1552 22.84 1.27 888.00
1612 22.83 1.26 888.01
1732 22.86 1.29 887.98
1852 22.87 1.30 887.97
1972 22.86 1.29 887.98
2092 22.86 1.29 B887.98
2212 22.88 1.31 887.96




WELL 4-S

Time Since Groundwater
Pump Started Water Depth | Drawdown Elevation
t (rmin) (ft.) (ft.) (ft. MSL)

0 20.52 0 888.52

1 20.54 0.02 888,50

2 20.55 0.03 888.49

3 20.55 0.03 888.49

4 20.57 0.05 888.47

5 20.58 0.06 888.46

6 20.57 0.05 888.47

7 20.57 0.05 888.47

8 20.58 0.06 888.46

9 20.58 0.06 888.46
10 20.58 0.06 888.46
11 20.58 0.06 888.46
12 20.58 0.06 888.46
13 20.58 0.06 888.46
14 20.58 0.06 888.46
15 20.59 0.07 888.45
16 20.59 0.07 888.45
17 20.59 0.07 888.45
18 20.59 0.07 888.45
19 20.59 0.07 888.45
20 20.59 0.07 888 45
25 20.60 0.08 888.44
30 20.60 0.08 888.44
35 20.60 0.08 888.44
40 20.61 0.09 888.43
45 20.61 0.09 £888.43
50 20.62 0.10 888.42
55 20.63 0.11 888.41
60 20.64 0.12 888.40
70 20.64 0.12 888.40
80 20.64 0.12 888.40
90 20.64 0.12 888.40
100 20.65 0.13 888.39
130 20.68 0.16 888.36
160 20.71 0.19 888.33
220 20.69 017 888.35
280 20.71 0.19 888.33
338 20,74 0.22 888,30
398 20.78 0.26 888.26
458 20.79 0.27 888.25
523 20.84 0.32 888.20
583 20.83 0.31 888.21




WELL 4-S

Time Since Groundwater
Pump Started Water Depth | Drawdown Elevation
t (min) (ft.) (ft.) (ft. MSL)

643 20.85 0.33 888.19

704 20.85 0.33 888.19

757 20.87 0.35 888.17

820 20.90 0.38 888.14

883 20.84 0.32 888.20

937 20.85 0.33 888.19

996 | 20.87 0.35 888.17
1062 20.89 0.37 888.15
1117 20,92 0.40 888.12
1183 20.94 0.42 888.10
1239 20.95 0.43 888,09
1298 20.95 0.43 888.09
1364 20.93 0.41 888.11
1418 20.94 0.42 888.10
1481 20.92 0.40 888.12
1539 20.94 0.42 888.10
1657 20.94 0.42 888.10
1777 20.95 0.43 888.09
1897 20.96 0.44 888.08
2017 20.95 0.43 - 888.09
2137 20.98 0.46 888.06
2257 2098 0.46 . 888.06
2377 20.98 0.46 888.06
2497 21.02 0.50 888.02
2620 21.03 0.51 888.01
2737 21.04 0.52 £288.00
2864 21.05 0.53 887.99




WELL 4-D

Time Since Groundwater
Pump Started Water Depth s Elevation
t (min) {ft.) (ft.) (ft. MSL)
0 22.00
22 2212 0.12 888.34
27 22.13 0.13 888.33
32 22.16 0.16 888.30
37 2215 0.15 888.31
42 22,16 0.16 888.30
47 22.16 0.16 888.30
52 22.16 0.16 888.30
57 2216 0.16 888.30
72 22.17 0.17 888.29
77 22.18 0.18 888.28
87 2219 0.19 888.27
97 22.20 0.20 888.26
137 22.23 0.23 888,23
177 22.24 0.24 888.22
237 22.25 0.25 888.21
297 22.28 0.28 888.18
357 22.30 0.30 888.16
417 2232 0.32 888.14
477 2232 0.32 888.14
537 22.35 0.35 888.11
597 22.36 0.36 888.10
657 22.36 0.36 888.10
723 22.36 0.36 888.10
775 22.22 0.22 888.24
838 2237 0.37 888.09
901 22.37 0.37 888.09
955 22.39 0.39 888.07
1015 22.39 0.39 888.07
1081 22.42 0.42 888.04
1135 22.43 0.43 888.03
1200 22.45 0.45 888.01
1257 22.46 0.46 888,00
1317 22.47 0.47 887.99
1379 22.45 0.45 888.01
1437 22.43 0.43 888.03
1499 22.48 0.48 887.98




WELL 4-D

Time Since Groundwater
Pump Started Water Depth s Elevation
t (min) (ft.) (ft) (ft. MSL)
1556 22.46 0.46 888.00
1676 22.47 0.47 887.99
1796 22.48 0.48 887.98
1816 22.47 0.47 887.99
2035 22.18 0.48 887.98
2155 22.48 0.48 887.98
2275 22.49 0.49 887.97
2395 225 0.50 887.96
2515 22.52 0.52 887.94
2638 22.53 0.53 887.93
2755 22.56 0.56 887.90
2882 22.55 0.55 887.91




WELL 5-S

Time since Groundwater

Pump Started Water Depth | Drawdown Elevation
t {min) (ft.) {ft.) (ft. MSL)

0 21.50 0.00 887.76

73 21.50 0.00 887.76

90 21.50 0.00 887.76

131 21.51 0.01 887.75

192 21.50 0.00 887.76

420 21.54 0.04 887.72

550 21.58 0.08 887.68

665 21.56 0.06 887.70

789 2158 0.08 887.68

903 21.55 0.05 887.71

1800 21.55 0.05 887.71

1922 21.55 0.05 887.71

2040 21.55 0.05 887.71

2160 21.56 0.06 887.70

2280 21.56 0.06 887.70

2400 21.56 0.06 887.70

2520 21.58 0.08 887.68

2643 21.58 0.08 887.68

2756 21.61 0.11 887.65




WELL 17-S

Time Since Groundwater

Pump Started Water Depth | Drawdown Elevation
t (min) {ft.) {ft.) (ft. MSL)

0 23.61 0.00 888.90

68 23.66 0.05 888.85

94 23.66 0.05 888.85

135 238.71 0.10 888.80

203 23.77 0.16 888.74

425 23.81 0.20 888.70

545 23.86 0.25 888.65

670 23.90 0.29 888.61

795 23.93 0.32 888.58

909 23.82 0.21 888.69

1024 23.84 0.23 888.67

1141 23.87 0.26 888.64

1261 23.90 0.29 888.61

1386 23.90 0.29 888.61

1805 23.90 0.29 888.61

19286 23.90 0.29 888.61

2046 23.90 0.29 888.61

2166 23.91 0.30 888.60

2286 23.93 0.32 888.58

2406 23.94 0.33 888.57

2526 23.95 0.34 888.56

2645 23.95 0.34 888.56

2758 23.99 0.38 - 888.52

2890 23.96 0.35 888.55




WELL 17-D

Time Since Groundwater

Pump Started Water Depth | Drawdown Elevation
t {min) (ft.) (ft.) {ft. MSL)

0 23.40 0.00 888.88

67 23.45 0.05 888.83

94 23.47 0.07 888.81

135 23.50 0.10 888.78

202 23.51 0.11 888.77

425 23.57 017 888.71

545 23.50 0.19 888.69

670 23.61 0.21 888.67

794 23.62 0.22 888.66

908 23.63 0.23 888.65

1023 23.64 0.24 888.64

1140 23.67 0.27 888.61

1261 23.71 0.31 888.57

1385 23.70 0.30 888.68

1497 23.67 0.27 888.61

1806 23.70 0.30 888.58

1927 23.70 0.30 888.58

2047 23.70 0.30 888.58

2167 23.71 0.31 888.57

2287 23.73 0.33 888.55

2407 23.74 0.34 888.54

2527 23.75 0.35 888.53

2645 23.76 0.36 888.52

2758 23.80 0.40 888.48

2890 23.78 0.38 888.50




WELL 18-D

Time Since Groundwater

Pump Started Water Depth | Drawdown Elevation
t (min) {ft.) {ft.) (ft. MSL)

0 14.85 0 888.73

76 14.91 0.06 888.67

92 14.92 0.07 888.66

133 14.96 0.1 8e8.62

196 14.95 0.10 888.63

420 16.02 017 888.56

550 15.04 0.19 888.54

670 15.06 0.21 888,52

792 15.05 0.20 888.53

906 15.07 0.22 888.51

1803 15.13 0.28 888.45

1924 15.12 0.27 888.46

2044 15.13 0.28 888.45

2164 15.14 0.29 888.44

2284 15.15 0.30 888.43

2404 15.16 0.31 888.42

2524 15.17 0.32 888.41

2645 15.19 0.34 888.39

2758 15.22 0.37 888.36




WELL 18-S

Time Since Groundwater
Pump Started Water Depth | Drawdown Elevation
t (min) {ft.) (ft.) (ft. MSL)

0 14.80 0.00 888.90

76 14.68 0.08 888.82

90 14.69 0.09 888.81

92 14.71 0.11 888.79

132 14.72 0.12 888.78

195 14.78 0.18 888.72

420 14.80 0.20 888.70

550 14.81 0.21 888.69

670 14.81 0.21 868.69

791 14.81 0.21 888.69

905 14.82 0.22 888.68

1802 14.87 0.27 888.63

1923 14.87 0.27 888.63

2043 14.87 0.27 888.63

2163 14.87 0.27 888.63

2283 14.88 0.28 888.62

2403 14.89 0.29 888.61

2523 14.91 0.31 888.58

2645 14.92 0.32 888.58

2757 14.97 0.37 888,53




WELL DW-2

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) {ft.) s’ (ft.) {ft. MSL)

0 2452 3.19 885.43

5 22.05 0.72 887.90

10 21.97 0.64 887.98

15 21.80 0.57 888.05

20 21.80 0.47 888.15

325 21.73 0.40 £88.22

1060 21.60 0.27 888.35

1750 21.55 0.22 888.40

2500 21.51 0.18 888.44

Top of Casing = 909.95 (MSL)




PIEZOMETER T-5

Time Since Residual Groundwater

Pump Stopped Woater Depth | Drawdown Elevation
t (min) {ft.) s’ (ft.) (ft. MSL)

0 23.05 1.05 887.52

3 23.03 1.03 887.54

10 22.90 0.90 887.67

20 22.79 0.79 887.78

60 22.61 0.61 887.96

325 22,45 0.45 888.12

1060 22.29 0.29 888.28

Top of Casing = 910.57 (MSL)




PIEZOMETER T-6

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) (ft.) s (ft.) {ft. MSL)

0 22.92 1.35 887.92

3 22.83 1.26 888.01

10 22.60 1.03 888.24

20 22.39 0.82 888.45

61 2217 0.60 888.67

325 21.97 0.40 888.87

1060 21.80 0.23 889.04

Top of Casing = 910.84 (MSL)




WELL 4-S

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) (ft.) s {ft) (ft. MSL)

0 21.05 0.53 887.99

13 21.02 0.50 888.02

23 21.00 0.48 888.04

63 20.97 0.45 888.07

325 20,92 0.40 888.12

1060 20.79 0.27 888.25

1750 20.71 0.19 888.33

2500 20.66 0.14 888.38

Top of Casing = 909.04 (MSL)




WELL 4-D

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) (ft.) s’ (ft.) (ft. MSL)

0 22.55 0.55 887.01

13 22.41 0.41 868.05

23 22.39 0.39 888.07

64 22.37 0.37 888.09

325 22.25 0.25 888.21

1060 2213 0.13 888.33

1750 22.06 0.06 888.40

2500 22.04 0.04 888.42

Top of Casing = 910.46 (MSL)




WELL 5-S

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) (ft.) s (ft.) {ft. MSL)

0 21.61 0.11 887.65

68 21.57 0.07 887.69

325 21.59 0.09 887.67

1060 21.51 0.01 887.75

1750 21.46 -0.04 887.80

2500 21.44 -0.06 887.82

Top of Casing = 909.26 (MSL)




WELL 17-S

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) {ft.) s' (ft.) (ft. MSL)

0 23.99 0.38 888.52

73 23.92 0.31 888.59

325 23.88 0.27 888.63

1060 23.81 0.20 888.70

1750 23.74 0.13 888.77

2500 23.70 0.09 888.81

Top of Casing = 912.51 (MSL)




WELL 17-D

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) (ft.) s’ (ft.) {ft. MSL)

0 23.80 0.40 888.48

73 23.71 0.31 888.57

325 23.66 0.26 888.62

1060 23.56 0.16 888.72

1750 23.50 0.10 888.78

2500 2346 0.08 888.82

Top of Casing = 912.28 (MSL)




WELL 18-D

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t {min) {ft.) s' (ft.) (ft. MSL)

0 16.22 0.37 888.36

68 15.08 0.23 888.50

325 15.03 0.18 888.55

1060 14.94 0.09 888.64

1750 14.88 0.03 888.70

2500 14.85 0.00 888.73

Top of Casing = 903.58 (MSL)




WELL 18-S

Time Since Residual Groundwater

Pump Stopped Water Depth | Drawdown Elevation
t (min) {ft.) s (ft.) (ft. MSL)

0 14.97 0.37 888.53

68 14.87 0.27 888.63

325 14.84 0.24 888.66

1060 14.73 0.13 888.77

1750 14.67 0.07 888.83

2500 14.65 0.05 888.85

Top of Casing = 903.5 (MSL)
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PROVECT TITLE:
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' PREPARED BY: _LOSE pATe: _</GA CHK'D BY:
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(TIME(MIN)| LEVEL | DRAWDOWN |TIME(MIN)| LEVEL

DRAWDOWN

TIME(MIN)| LEVEL DRAWDOWD

Plot drawdown (s) and time (t) on page two, overlay type curve transparency for match, photocopy, remove type

\curve fransparency, circle match point, enter match point parameters below for T, K, and S determinations. Y,
THEIS METHOD AQUIFER TEST ANALYSIS
'(Aquﬁer Unit Snbn e ™\ (Grient:__ e | A
Radial Distance (R.ft)_1C _ Aquifer Thickness (b,ft)_<! | Project;__CAP
Project #__ZcA0.002 92,
Bearing from Dlscharge Well
) . well:__Dw2~ 15
Discharge Rate (Q,ftA3/min)___-93¢ Date. 2473
From Match Point (page two): 47 L, Hydrogeologist: 12513
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EMCON SOUTHEAST COMPUTATION SHEET
/4/}“14/' {’S‘fl}/)a at DWa PROJECT NO. 2072.007.92

PROJECT TTLE:
_ s Lurve D=7 SHEET ___ OF

DESCRIPTION:

PREPARED BY: ). Burhalir— DATE CHK'D BY:

DATE:

—
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ﬁE(MIN) LEVEL | DRAWDOWN {TIME(MIN){ LEVEL | DRAWDOWN |TIME(MIN); LEVEL DHAWDOWN\

Plot drawdown (s) and time (t) on page two, overlay type curve transparency for match, photocopy, remove type

\Curve transparency, circle match point, enter match point parameters below for T, K, and S determinations. Y,
THEIS METHOD AQUIFER TEST ANALYSIS
rAquifer Unit J@‘gm”‘c A Glignt:_Zm [l A
Radial Distance (R.ft)__Z0 _Aquifer Thickness (b,ft)_-£/ gm!ec::# %ﬁa —77
Bearing from Discharge Well “[:;Iec For —T7
Discharge Rate (Q.ftA3/min)___ 236 Date:

From Match Point (page two): | Hydrogeologist: 284

s8= 86 (ft), t= Zoo (min), W(u)= 4.7 ,/u= Lo - || Weather:
T(transmissivity, ftA2/min)=[Q/(4x3.14xs)]xW(u) \RecoverQrawdown Xcircleone)
=407 (#A2/min), K=T/o=___AIx/p" " (ft/min)

' N
or Tx1ad0=__58) _(fr2lcay), Kx1440=_I7 4 _(ftiday) m EMCON

|
S{storativity)= 4uxT (ft"2/min)t/(R"2)= / { x/0” z @ SOUTHEAST

. AN /

Page one of two
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e

(FIME(MIN)

LEVEL | DRAWDOWN {TIME(MIN)| LEVEL

DRAWDOWN

™\

TIME(MIN)|{ LEVEL | DRAWDOWN }

Plot drawdown (s) and time (t) on page two, overiay type curve transparency for match, photocopy, remove type

\curve transparency, circle match point, enter match point parameters below for T, K, and S determinations. .
THEIS METHOD AQUIFER TEST ANALYSIS
(Aquifer Unit___~vaau/te N (lient:__Lomes )
Radial Distance (RA). /2.5 _Aquifer Thickness (b,f) =0 || Proiect__CAZ
. . Project #_-~90. 00252
Bearing from Discharge Well Well__72el- Fzd
Discharge Rate (Q,ft"3/min)__.Q% Date:
From Match Point (page two): | Hydrogeologist: £
s=_ .2 (ft),t=_ =2 (min), W(u)= S A= 2 Weather:
T{transmissivity, ftr2/min)=[Q/(4x3.14xs)]xW(u) _ y \Recove(Drawdown {circle one) Y,
T= ,0/727 (fh2/min), K=T/b=___7. ‘//x? (f/min){ 7/~ N
or Tx1440= <29 __(ft"2/day), Kx1440= /33~ (ft/da ( \
( y) (ft/day) 2 EMCON
S(storativity)= 4uxT(A2/minV/(RA2)=__ &l x &0 d U SOUTHEAST
\. VAN J

Page one of two
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ﬁME(MlN) LEVEL | DRAWDOWN |TIME(MIN)| LEVEL | DRAWDQOWN {TIME(MIN)| LEVEL | DRAWDOWN

\

Plot drawdown (s) and time (t) on page two, overlay type curve transparency for match, photocopy, remove type
\curve fransparency, circle match point, enter match point parameters below for T, K, and S determinations. Y,

THEIS METHOD AQUIFER TEST ANALYSIS

(Aquifer Unit____~apry/fe )

Radial Distance (R.f)__/8 _Aquifer Thickness (b,ft)_-2
Bearing from Discharge Well_
Discharge Rate (Q,fA3/min) . ol7
From Match Point (page two): : {

s= J2_(f), t=_Loe__(min), W(u)=_~25 U=_Z/

T(transmissivity, ft*2/min)=[Q/(4x3.14xs)]xW(u) 3
T=_ 23| (ftr2/min), K=T/o=___/ 58 0"~ _(ft/min)
or Tx1440=__ 44.6__ (ftr2/day), Kx1440=__2.25" (ft/day)

-
S(storativity)= duxT(A2/minp/(RA2)=__3 Ex 0

Glient: .]gm/ ‘ )
Project: :
Project #_£o4), ¢n9.92

Well,__ v 4 ~ 2p2S
Date:
Hydrogeologist: £
Weather:
@ecove@@circle one) )

2 N
/ﬁ“\‘* EMCON

\. /

u SOUTHEAST
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Page one of two
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FEASIBILITY AND CORRECTIVE ACTION PLAN MARCH 1993

APPENDIX B

Step-Test Data

APPENDICES



STEP AQUIFER TEST DATA

12/11/92
Well: DW-2 Page 1 of 2
Client: Bonnell
Project: Aquifer Step Test
Project #: 2040.007.92
Hydrogeologigt: Joe Lewis
TIME WL DEPTH FLOW RATE COMMENTS Il
{ft.)
12:07 pm 21,82 1 gal/5:45 Frequency of Pump "
12:35 1 gal/3:05 Set at approximately 60"
12:42 1 gal/5:45 Above Ground Discharge Point.
12:46 21.85 1 gal/3:05 (55 gal. Barrels on Back of
12:52 21.85 1 gal/3:03 Pickup)
12:59 21.83
1:03 21.83 T-6 {22.0) T-5 (22.38}
1:10 21.93 1 gal/3:04 45 (20.85) 4D (22.23)
1:15 1 gal/2:13
1:20 1 gal/1:50
1:26 21.90 1 gal/2:02 T-6 (22.0) T-5 (22.40)
1:31 21.88 435 (20.85) 4D (22.23)
1:34 21.87 1 gal/2:05 PH = 6.1
1:44 21.87 1 gal/2:05 Spec. Conductance - 210
1:48 21.87
1:54 21.87 1 gal/2:05 T-6 (22.02) T-5 (22.40)
2:01 21.85 45 (20.85) 4D (22.23})
2:04 21.85
2:10 21.85 1 gal/2:04
2:12 1l gal/1:43
2:15 21.91 1l gal/1:31
2:20 21.96 1 gal/1:30
2:26 21.96
2:30 21.96 1 gal/1:30 T-6 (21.96) T-5 (22.39)
2:37 21.96 45 (20.82) 4D (22.23) "
2:41 21.97
2:47 21.96
2:50 21.96 1 gal/1:30
2:58 21.96 1l gal/l:16
3:12 21.99
3:16 22.08 1l gal/1:00
3:20 22.08
3:24 22.05 1l gal/1:01
3:34 22.40 2 gal/1:00 “




STEP AQUIFER: TEST DATA

12/11/92
Well: DW-2 . Page 2 of 2
Client: Bonnell
Project: Aquifer Step Test
Project #: 2040.007.92
Hydrogeologist: Joe Lewis
TIME WL( fT&:P}TH FLOW RATE COMMENTS
3:36 pm 22.42
3:39 22.42 T-6 (22.30) T-5 (22.54)
3:43 22.42 4S (20.83) 4D (22.26)
3:49 22.90 4 gal/1:00
3:52 22,93
3:54 _ 22.95 .
3:58 23.50 6 gal/1:00 T-6 (22.35) T-5 {22.60)
4:00 23.55 48 (20.86) 4D (22.36) "
4:03 23.55 "
4:08 23.55 |
4:11 23.85 8 gal/1:00
4:14 23.85
4:16 23.85

shut operations down at 4:20 pm. Had access to bury six 55 gallon
drums and all of them are full. Pumping 8 gpm and no significant
drop in water level. At this rate we will need huge water holding
capabilities for test. Notified Dave Buchalter about problem.



STEP AQUIFER TEST DATA

12/14/92
Well: DW-2
Client: Bonnell
Project: Aquifer Step Test
Project #: 2040.007.92
Hydrogeologist: Joe Lewis
TIME WL DEPTH FLOW RATE COMMENTS N
(ft.)
10:16 am 21.75 Begin test
10:26 23.05 1l gal/8 sec T-6 (22.05) T-5 (22.43) "
“ 10:32 23.10 4S (20.85)
10:36 23.10 1 gal/8 sec
10:40 23.10
10:44 23.10
10:48 23.15 1l gal/8 sec T-6 (22.50) T-5 (22.70)
10:56 23.20 4S5 (20.90) "
11:00 23.20 "
11:11 23.20
11:20 24.10 1 gal/8 sec T-6 (22.67) T-5 (22,90)
11:25 24.20 48 {20.95)
11:31 24.30
11:35 24.30 1 gal/8 sec Punp Max. Out Freq. Wide Open
11:39 24 .25 T-6 (22.77) T-5 (22.83)
“ 11:44 24.35 45 (20.95)
" 11:47 24.40 1l gal/8 sec
11:52 24.35
11:56 24,35
12:00 pm 24.35 T-6 (22.90) T-5 (22.97)
12:04 24.35 1 gal/8 sec 48 {(20.44) |
12:09 24.35
12:11 24 .35
12:15 24.35
“ 12:19 24.35 T-6 (22.95) T-5(23,00)
43 (20.92)
12:25 Shut Pump Off
12:31 21.95 End of Test
| T-6 {(22.65) T-5 (22.86)
" 48 {22,92)
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Instrument:

Static Water Depth:
Static Water MSL)

For Pumped Well

.0,
Wl . TJ{CJ(']‘OK

Discharge Rate:

™~

S TEF TED]
4 .
TIME MINUTES WL DEPTH | DRAWDOWN Fmr 4 m RE/’ARW

12:20 )7 5.1 0.0

[2:30 | PuMPlon — 0.75 | &0 )
2.3 3 7.70 2.57 \
17738 I3 45 I \
12°36 A 7.95 2.8+ A5 | Se |
12439 T 7.93 2-95 2.82 {m/q 0| 57 \
[2:4] {{ 7.98 Z.87 ~l025 | 5% \
AR (5 %.03 2.92 ~ 0,29 | 5F |
{2750 2.0 2.03 Z.92 ~ 0,25 | 5F L

12156 26 2.03 z-92 I5al/4:30 | 57 ~ 0.2 qpm
3:00 30 p.of 2.73 A, 5% resef fpouendy Fo pomp info fop
I3:(5 45 7.30 z.17 ~8.15 80 of Jonlt indead oF base.
(3:20 5q 7,60 z.419 lgal [4min | B2 ‘

12:3% 62 .40 3.29 ' g2

1344 X g.42 3.3/ g2 [
[3:57 2 33 3.32 0,5/3min | R2. g |
(4:04 34 — e 0.5/2Zmin| &%-33 /
400 | 96 | — — 1.6 /4min| 3% /
40 101 4.59 3.4% R4 ]
14545 106 .63 3.57T ¢ s

1420 {0 2.4 3.34 [-0/Smin | B

14:22 iz — — [ofzise | &€

14:34 | R¥ q, 44 d, 1,0/3:30 | BC

14:35 125 7.50 4, — 36 |

14:36 {26 55 27 |

4:39 129 9,55 S8 444 |1.0/3min | 8F

[4-4G (36 —_ — 1o/350 | §F

(4:49 |39 9.60 “+.49 — BE

{4:50 | 140 — — — 2g

[4:52 | 142 7.8 477 1.0/2:35 | 8%

[47sc 146 | — — 16/ 3min | €%

(s:08 | 153 10,23 5,12 1.0/3:45min|  RB \

($:7 167 040,21 5,10 e 9 '

|5.20 {770 — —_ e 39
\JS?ZS [75 i ! 0/3»&;!’\ 89

STEP -AQHFFER TEST DATA .

6bsewatiow (circle one) Barometric Pressures N (Wel_pPwW1

Elevation T.O N.D. Start:_ 98T Mb_End: Client._(A/J. L. Boanell Co.
Radial Distance Z Well Specific Capacity: Project: Aauter st
Bearing from Pumped Well NA Well Specific Productivity: Project # So4.00

Hydrogeologlst Ka Jz:e‘/&

Weather:_clear " ool

[ InJi/

.

Open Interval:
Aquifer Unit:

2 4o 31 Fabit

Viscosity:

Water Temperature:

~

Safras lite.

Note discharge fluctuations with time

Screen Type:_0-010ach sloffed 411y and WL depth data.
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|5:2% ]79 10:47 5.38 o =9 'fée!:inq-ﬁowi‘a-'l'c crastont 15 a
5:310 | 121 - - 1.05al/3:40| 27 gm'm‘;'n*ﬂea“-/ T need o
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(53¢ 18% ~— — ”9,4“/,/3’70 90 quage~Ho read fow Vin
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10:21 23/ M - l:y:f/?:iz 73
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. . N\
(TIME(min) ngogf(?u delta H(ft) | TIME(min) L‘gogf(‘;) delta H(tt) | TIME(min) LVEVCEE(?t) deita H(ft)
* .0 (static) 0.0 S 23
0.0 (slug-in) yo=}.49 b 4
A §.04 N A6
.(l 'Sy l‘i l]ﬁ
D .54 1\ AR
\__4 %0 )
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
4 [ | ™
N
= N
T ° <
o 0 <
] S
-
= \0"‘ \\ )
= - =
\\\\‘
\
4. \\
\O { .
4 TIME(MINUTES) 2
\_ J
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
PARAMETERS: ) Gqunt: Tonnell ™\
rw=__, %3 #. well radius/sandpack radius ggizgi:# %ﬁg AT
Lw=_ 8.6 ft. distance from static GW to well bottom H ci e M\\
3 . ydrogeologist;_ V. 8
Z= ~v %0 ft. distance from water table to impermeable |{wei: ~  4cp
basement/layer Date:___12-24-92
Le=__ 8§ ft. length of open interval/sandpack Weather:___ =,
re=__.0%3 _ft. internal radius of well casing \Slug N Qu¥ (circle one) y
D=__ &5 285 permin (1/)*In(yo/yt) for simplicity D equals N
2.30/time required for H to drop one log cycle
. 2 q poebacyce |~ EMCON
B= ) PARAMETER VALUES FROM PAGE 2 U
S R AT
\. _J J

8/92

page 1 of 2



@ partially penetrating well is tested the following equation is applicable when the test interval is fully saturated: N

-1
: 1.1 A + B In{{Z-Lw)/rw}
E = In(Re/w) '{ Wiy~ Lo/rw } =
N
{ 1.1 , 23 +.35 (30 - g6 y .32 }} . 24
In(_ 86 -/ .323 ) _R& 7 233 J
If a fully penetrating well is tested the foilowing equation is applicable when the test interval is fully saturated:
. | o .1
1.1 C 11 +
E = In{Re/w) = m" + [Celw = in( / ) / =
\. J/
( FLOW GEOMETRY PLOT TO DETERMINE A, B, OR C
14
W C’/
< 12
<< . /
? f ,
w10 - : H
= ll % A= 23
- / g4 o = .
g 8 / -4 A
. B W
o ¢ ¥ T
4 =
% / /| CE) C=_Zo
< 4 ; 7 —2 EE
< A
0 _,59‘/ // - g
ﬁ 2 Lkl ,n-‘/ T <C
o 11 Lt 1]
: . : -0 «
01 5 10 50 100 500 1000 - 5000
\ Le/Rw | y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 2-D Y\ (Client; )
T Project.
K(ft/min) = (rc DE)/(2Le) Project &
2 2 3 . || Well:
K = ‘ :QE:} M 3'q )/2( 86 ) = .CMO ﬂ./mln Checked By:
Title:
or (f/min) times 1440 = _5.6J _ fi/day Date:
or {f/min) times 0.508 = 2.0xlo ~ cm/s \ J
! EMCON
It
w SOUTHEAST

. AN ' J
page 2 of 2




- . WATER . WATER . WATER 0
TIME{min) LEVEL(ft) delta H{ft} | TIME{min) LEVEL(ft) delta H{ft) | TIME{min) LEVEL(f) deita H(ft)
.0 (static) 0.0
0.0 (slug-in) y0=
0 { 5 o‘—{
1,0 .03
. J
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
4 | f \
40 2
7
T W >
g
g 7 5
= \
L P
Lu 1
m 3
= Ly /
s X
\
w3
Von "
| D ' ! = 4 L
L TIME (MINUTES) )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
(PARAMETERS: ™ (Glient.__ Ponze I ™
rw=__.333 ___ #. well radius/sandpack radius Project;
Lw=_ /5.5 #. distance from static GW to well bottom f*m‘ea #_Zodo . 007 92
— . ydrogeologist: <
Z=_~ 45 ft. distance from water table to impermeable || wei:
basement/layer Date:;__J2~ 24
Le=_ /2 ft. length of open interval/sandpack Weather: '
re=_.:15 ft. internal radius of well casing 8"9 IN OOV (circle one)
D=__24/ 4535 per min (14)*In{yo/yt) for simplicity D equals N
2.30A/ime required for H to drop one log cycle
A 20 | o EMCON
B=__ . PARAMETER VALUES FROM PAGE 2 w
C=__ AR SOUTHEAST
\_ I\ /

a/az

page 1 of 2




qa partially penetrating well is tested the following equation is applicable when the test interval is fully saturated: )
-1
1.1 A + B In{{(Z-Lw)/rw} "o
, g()()%? b -1 o
1.1 27 4 90 nj( 4S5 - 455 ) 338 ) 222
+ ®=o
In(_/2 / .%33 ) 1Z [ 323
If a fully penetrating well is tested the tollowing equation is appiicable when the test interval is fully saturated:
1.1 1-1
E = in(Re/rw) = { |I"I(LWII’W) + LB/NV} { In( / )+ / =
J Y,
4 FLOW GEOMETRY PLOT TO DETERMINE A, B, ORC h
14
w QL
= 2 A
O | "
D 4
v 10
E 'i/ g A= <
. o = < r?
CE) 8 // g 14 8
i B @ po
b 1/ } i I B= .92
o ¢ Ve 3 ;
¢ = <
% f /' @} C=_%2
< 4 -2 [
< LA 4 ' o
0 _,// // A- m
é 2 ,——""' "-‘I—’/ T %
' i
0 Jo
1 5 10 50 100 500 1000 © 5000
12/ 2z
L Le/Rw /2/, 23 )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 ) 6llem gow/f \
—— Yl Kemags Project; __ (AR
K(tirmin) (e DE)/(2Le) A pofect, i
Y . .2 Well;
K= (L 00) S5 232 yo( )2 Y= /2745 tumin || checked By:
Title:
or (f/min) times 1440 = _[7.77 177 tiday Date:
or (ft/min) times 0.508 = 4 b0 omis > /
7 /:
Fr. L,’ h) ( + N (!) .—( ?']";— EMCON\
o I AR A 208
[ S Y R \veY//
L NAG e fn e e SOUTHEAST
J

page 2 of 2
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‘\.../

(- . WATER . WATER . WATER N\
TIME(min) LEVEL(ft deita H{ft) | TIME(min) LEVEL(f) delta H{ft) | TIME(min) LEVEL(fY) delta H(ft)
0 (static) 0.0
0.0 {slug-in) y0=
0.5 |.3
l :0 i 55
/' 5 / Z '
\_¢.0 , 08
note: If the flow test interval is not fully saturated this method is not applicabie, estimate using thiem & dupuit assum.
a8 \ ™
0 K
44
3
Il -
T W !
Jo
)
L= 4 s
p— 3
R :
LL y
£
=
U3
s
e
) 1 r s ) () ! X
9 TIME (MINUTES) )
¢ ) \ n A
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989) - 7]
(PARAMETERS: ") (Glient:_ Boe R
rw=__ 227 ft well radius/sandpack radius Project: CAY
Lw=__° ft. distance from static GW to well bottom Project #_Zodo.c.2 72
=i @ ; Hydrogeologist: D R.b.lke
Z=__/<’. _ft distance from water table to impermeable ||we: %@
. basement/layer Date;___/2-24-92.
Le= 1~ ft. length of open interval/sandpack Weather:_2...
rc=_ Q83 . internal radius of well casing @Ug IN QU (circle one) )
D=+ .. [} per min (1A)*In(yo/yt) for simplicity D equals N
. 2.30/time required for H to drop one log cycle
A= 27 (...\ EMCON
B=__ .40 PARAMETER VALUES FROM PAGE 2 w
C- 22 SOUTHEAST
\. J\_ y,

page 1 of 2
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qa partiafly penetrating well is tested the following equation is applicable when the test Interval Is fully saturated: A

-1
1.1 A + B In{(Z-Lw)/rw}
nCwWirwW) T+ Coftw

-1
1.1 . + In{( - Y } i
In / ) 7 —

E = In{Re/mw) =

If a fully penetrating well is tested the following equation is appllcable when the test interval Is fully saturated:

-1 2.2 -
E= |n(HB”W) = { !n(LW/rW) + EII'W} { ln( 07 /L / Gg_ }+ J Z / '33__ = _3.- 26
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SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 2 “\/(ctient; CA@;?m.g// W
ey Project:
K(ft/min) = (rc E)I(2Le) Projoct #26 :g 45079
N ” - Weli:
K= (‘/05’3) ]84 324 ye(_l2_ )= \F b ft/min cr?e"cked By:
Thle:
or (ft/min) times 1440 = __ /A8 tt/day Date:
or (ft/min) times 0.508 = 2.7<io" ' cm/s \ <
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a . WATER . WATER . WATER ™
_TIME(mln) LEVEL(ft) delta H(ft) | TIME(min) LEVEL(f) deita H{ft) | TIME(min) LEVEL(ft) delta H(ft)
7.0 (static) 0.0
0.0 {slug-in) y0=
1.0 I 1
3.0 1.05
4 /1.0
\_Z8 o.9F Y,
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
é | )
']
o " [
I o — — ‘
= \D i
)
L= P
=
LLY v
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or
Z < ' -' d / ¢ ’ R
9 TIME (M!NUTES) )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
( PARAMETERS: ") (Client: Rere )
rw=__ %> _ft. well radius/sandpack radius g:g}:g:# Sf‘fo =17
lw=_ 2“0 ft. distance from static GW to well bottom T ‘
H P B
Z=___ 1 fl. distance from water table to impermeable wﬁ:;ogeowg%b sl
_ basement/layer Date:_j2-24-92
Le=__ D4 ft. length of open interval/sandpack Weather: :
re=___n75 _ ft. internal radius of well casing Sug N GUY (circle one) y
) /A% e per min (1R)*In(yo/yt) for simplicity D equals ~ N
2.30/time required for H to drop one log cycle
A=__ 22 m EMCON
B=__ .9 PARAMETER VALUES FROM PAGE 2 w
C=_ /5 SOUTHEAST
. AN J

8792 page 1 of 2



Iff;partlally penetrating well is tested the following equation is applicable when the test interval is fully saturated: )
-1
1.1 A + B In{(Z-Lw)/rw}
E = In(Re/mw) "“{ (Cwira)+ Teirw }
. 294 - -1
1.1 272 + A {21 - 54 ) .33} . 157
(54 _J 52 )" _SA ] 2323
If a fully penetrating well is tested the following equation is appiicable when the test intervat is fully saturated:
-1 1.1 -1
E= ln(Re/fw) = { In(Lw"w) + Le,fw} { ll'l( , )+ / } =
\. J/
(- FLOW GEOMETRY PLOT TO DETERMINE A, B, ORC
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SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 2D \ (Client: C%PMP// w
in) = Project:
K(ft/min) = (rc"DE)/(2Le) . Prolect 240007 57
ey ? o o o a7 . Well;
K=(.008" 052 _f57 Y54 y=22:2  t/min ||checked By:
Title:
or (ft/min) times 1440 = __. 022 ft/day Date:
or (f/min) times 0.508 = 2 brle”> emis > /
~N
| & A
&7 “southeasT
\_ AN _/
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»

ﬁlME(mfn) ng\?;f(?t) delta H(ft) | TIME(min) ng\?gf(?t) delta H(ft) | TIME(min) L"E"cgf(';) delta H(ft) )
'1.0 (static) 0.0
0.0 (slug-in) y0= 20 0.3
1.0 [a
5,0 l lt
10.0 0,7
\J6 |F:ED 0 4| | y
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum,
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= et
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"‘L —+ 1}
1o LA / 5
ol < 5 o) / 20
\ TIME (MINUTES) D
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
( PARAMETERS: ") {Cient: "o | )
rw=__.332___ft. well radius/sandpack radius E:g%ggt‘:# ZC;PO —
Lw=__ A5 ft. distance from static GW to well bottom : Y
—t— ' Hydrogeologist, 2 Lokl
Z=_ A3 ft. distance from water table to impermeable ||wei: %z%
basement/layer Date:  [R-26-92
Le=_ |2 ft. length of open interval/sandpack Weather: :
re=__ 022 ft. internal radius of well casing Slug  IN OUD (circle one) y

D=_22 )g 235 _per min (1/)*In{yo/yt) for simplicity D equals
=042 2.30/time required for H to drop one log cycle

EMCON)

B=___A4o PARAMETER VALUES FROM PAGE 2
C= 24 w SOUTHEAST
\- AN J
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@ partially penetrating well is tested the following equation is applicable when the test interval is fuily saturated: N
-1
1.1 A + B In{{Z-Lw)/rw}
E = In(Re/mw) "{ Wiy * Lelw } -
-1
1.4 . eI - ) } ]
In( / ) —_— T
it a fully penetrating well is tested the following equation is applicable when the test interval is fully saturated:
-1 1.1 22 -1
1.1 c 7 + - ~
E=In(Re/n~)={ + } ={ In(_~& /.32 ) T EE 1 = A1
L In{Cw/rw) Lo/rw | y
f )
FLOW GEOMETRY PLOT TO DETERMINE A, B, ORC
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SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 7-D \(Crient; Emm( h
oy Project.
K{ft/min) = (rc DE)/(2Le) Project 7 -
: - 5 Hwen__ Z2v
K=( 082 022 30 Vo /2 y=_84./5 fi/min || checked By:
Title:
or (ft/min) times 1440 = /3 fi/day Date:
or (f/min) times 0.508 = £.5-4""_cm/s . %
i EMCON
2R e
w SOUTHEAST
. J\ Y,
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s .| WATER | WATER | WATER O)
TIME(m{n) LEVEL(f) delta H{ft} | TIME(min) LEVEL(ft) deita H(ft) | TIME(min) LEVEL(f) delta Hft)
L0 (static) 0.0
0.0 (slug-in) y0=

b4 0,95
.0 D,2%
Wi 012

7.0 0,03 J
note: if the flow test interval is not fully saturated this method is not appticable, estimate using thiem & dupuit assum.
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9 TIME (MINUTES) y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
(PARAMETERS: ™) (Grient:_Tumell ™)
rw=__, 335 ft. well radius/sandpack radius ﬁ:ﬁ*"ﬁ:# g’:f 777
Lw=__ 9.3t ft. distance from static GW to well bottom Hy(fogeolo ok
Z=_~ o ft. distance from water table to impermeable || wel: '
basement/ayer Date:_ /2-24-92
Le=_ 4.3, _ft. length of open interval/sandpack Weather: :
re=__.082 ft. internal radius of well casing é‘"g IN QU (circie one) )
D=_23/1.1:21 per min {(1#)*In{yo/yt) for simplicity D equals N
2.30/time required for H to drop one log cycle
g (san) _EMCON
B=A Zo PARAMETER VALUES FROM PAGE 2 w
kc:—z—'o U SOUTHEAST
' J
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qa partially penetrating well is tested the following equatlon is applicable when the test intervai is fully saturated: N
-1
1.1 A + B In{(Z-Lw)/rw}
E = In(Re/mw) “{ Cwrrw) + Lelrw } = |
2 (144 1
1.1 . 24 4 A In{( 3o .43 y.32% ) oo
In(_2.3 /_.223 ) B AN
it a fully penetrating well is tested the following equation is applicable when the test interval is fully saturated:
-1 1.1 -1
f = In(Re/rw) = { |n(L‘1;l;|M) + E?IW} = { In( / )+ / } =
4 N\
FLOW GEOMETRY PLOT TO DETERMINE A, B, OR C
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g 8 / 14 D
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SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 2 \(Ciient; &Au?ng[/ )
in = Project;__ C
K{ft/min) = (rc"DE)/(2Le) Project # A_%ﬁ‘ o7 72
7 , .3 ) Well:
Ke{ 008 2 20 w3 )= /43y /0"" tymin Cr?ecked By:
Title:
or (ftymin) times 1440 = 2.5° __ fday Date:
or (fymin) times 0.508 = 222" cm/s . /
EMCON
sttt
&7 southeast
\ J\. y,
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G‘lME(min) L‘g\gf(?t) delta H(ft) | TIME(min L"é’@;ﬁ?ﬂ delta Hft) | TIME(min) ngcgf(?t). delta H(f)
.0 (static) 0.0 [S .o
0.0 (slug-in) y0= G ,03%
1 /.3 3 . 620
7 4
3 , 1T
\_& , 01 Y,
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
( | | )
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a 2 e > 6 8
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9 TIME (MINUTES) )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
(PARAMETERS: ) (Client:_Pane | )
rw=___ 375 ft. well radius/sandpack radius £:°!e§:# (é’d"\: o7
Lw=_ 1A ft. distance from static GW to well bottom Hyc::j[fogeoto I::L 'O)f_ & A/
Z=__ 4o ft. distance from water table to impermeable ||wen.  ©OS3.8
basement/layer Date;_ /2-Z{-92
Le= W4 ft. length of open interval/sandpack Weather: p—
rc=__ 022 ft. internal radius of well casing Swg N QUD (circie one) )
D=_%%/ 24 permin (1/4)*In(yo/yt) for simplicity D equals - J
=,08 2.30#ime required for H to drop one log cycle
A= <L @ EMCON
B- .9 PARAMETER VALUES FROM PAGE 2 w
\C: 2 A L SOUTHEAST
_J Y,

R/ad
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( partially penetrating well is tested the following equation is applicable when the test interval is fully saturated: N
-1
1.1 A + B In{{Z-Lw)/rw}
E = In(Re/w) ={ mCwiw) Co/rw }
-1
Ao . 3
in(_ 14 7/ %33 ) TN [ 233
It a fully penetrating well is tested the following equation Is applicable when the test interval Is {ully saturated:
-1 1.1 -1
E = In(Re/rw) = {TrT(E1W1ﬁY + lﬁn_v} = { In{ / )t / } =
\. s
g FLOW GEOMETRY PLOT TO DETERMINE A B,ORC )
14
W gL~
- 12 /]
< 1
O /A
B |
w 10
T i - i}
= A LAt < A= 7
3 ° / T B
B 4
£ A e 2 80
o & ¥ +3 )
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SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 2 \(Ctient; cA&aﬂe{/ A
in) = Project.
‘ K({fYmin) = (rc E)/(2Le) Project 7 7
2 - =4 . || Welt: 5§§_§
K=(Lof2® .22 23 ya( M3 Y= 395" tumin || checked By:
Title:
or (ft/min) times 1440 = 2-; 05 tuday Date:
or (ft/min) tlmes 0.508 = 2 2. 4 em/s S /
f EMCON
Rt
w SOUTHEAST
- AN y
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/ WATER . WATER » i WATER N
TIME(min) | | By e | defta HOD TIMEmin) | | &ve i | dolta HEY TIME(MIN) | |'Eye gy | deta HE
- .0 (static) 0.0
0.0 (slug-in) y0= 5 D,0T%
[ '(O O r5
2.0 0,23
3.0 0.12
\ Ll-r O O 105 _)
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum,
4 f N
i $
-y
2
T 0 =
o —e.
g
- 1 AN
L
g S
£y e
=, -
N
+3
\\.
o BRRREDERRAS SRR RRAEPIANE T T
A TMEMNOTES) ¢ 4 ¢ T /@
\_ J/
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
(PARAMETERS: ) (Crient: zg%:eﬂ A
rw=__ 337 ft. well radius/sandpack radius Project:
Lw= J728 . distance from static GW to well bottom Project #—@Qf"?ﬁz
.. a ; Hydrogeologist:_ P. Bodsliee.
Z=_ 2%%  # distance from water table to impermeabie || wel:
) basement/layer Date:__ /7.25/%2
Le=_ /2 ft. length of open interval/sandpack Weather:___cm.
re=__.033 __ft. internal radius of well casing \Slug N (BUT Xcircle one) )
D=_4.3/3=.77 per min (14)*In{yo/yt) for simplicity D equals | ~ N
2.30/time required for H to drop one log cycle
w ; poreloaerce |~ EMCON
B= .40 PARAMETER VALUES FROM PAGE 2 w
C= 2.2 SOUTHEAST
. VAN ' J
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qa partially penetrating well is tested the following equation Is applicable when the test interval is fully saturated: )
-1
1.1 A + B In{(Z-Lw)/rw}
E = In(Re/mw) ='{ ACwiw) oW } -
-1
1.1 , s Inj(_ - Y ) } i
In( / } e _
if a fully penetrating well i tested the 1oltowing equation is appilcable when the test interval is fully saturated:
2 -1
= In(Re/rw) = {W)' + [a—'} { In( 3?3 / 133 y© TJZ ]33z 1 - 212
C ) y
4 A
FLOW GEOMETRY PLOT TO DETERMINE A, B, ORC
14
G
H 12 //
< )f
o /
73]
¢| 10
T L~ o .
o A T < A=/
5 ° 7 " 8
B 0
E / } 3 E B= ’ 40
O o / i = )
a / = g ?A
2 / P o]
o 4 -2 o
< ’45‘ / T
a A P - @
ﬁ 2 ---/" ,-I'/ T g
o 1 gl
-0 o
% 5 10 50 100 / 500 1000 - 5000
/2/,333= 56
u Le/Rw y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 ZD Y\ (Client: %225’ IAP )
T Project: C
K(ft/min) Src E)/(2Le) 4 Project #720 0 0072
’ P - Well;
K= (.03 97 545y /2 y= 05915 tumin || chacked B%
/ 9 Title:
or {ft/min) times 1440 = _/. 27 __ ft/day Date:
or (ft/min) times 0.508 = 225./4"_ cm/s L /
! EMCON
tht
w SOUTHEAST
\_ J\L y,
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WATER . WATER . WATER o )
GlME(min) LEVEL(fY) delta H(tt} | TIME(min) LEVEL(f) delta H{tt) | TIME(min) LEVEL(f) deita H(ft)
L 0(static) 0.0 3 A
0.0 (slug-in) y0= 4 .06
0.2 1,3 5 .05
O ’ S L 4 3 6 / 04—
’ ! D ¢ Z L,_ % ’ OZ-
\_ - AT y,
note: !f the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
- ! | ™
NN S 31 :
A
%
2. -
T 0 =
i -
© !
= !
- OETAC
u_l N L
L ‘ .
— £ : \ L
= R -
- 3
KoL\
iy
07
W il - 1 »
L ' » TIME (MINUTES)  © g )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
(PARAMETERS: ) (C:Iiem:_&%gp// ™
w=___, %% ft. well radius/sandpack radius Project,___CAP
e ) . Project #_Zo40.007.92.
Lw=_10.A% ft. distance from static GW to well bottom —=
, : ; Hydrogeologist; 2 /2. /tea
Z=_ 528 . distance from water table to impermeable ||wei: 2SR
basement/layer Date: /R-24-72
Le=__ 1@ ft length of open interval/sandpack Weather: :
re=_ .03 . internal radius of well casing (Slug N OUT (circle one) )
D=1"/12:38 per min (1/)*In{yo/yt) for simplicity D equals ~
- 2.304ime required for H to drop one log cycle /\ EMCON
A — L &R |
B=_ 4o PARAMETER VALUES FROM PAGE 2 w :
C=_42 SOUTHEAST
\. J\ J

page 1 of 2
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qa partially penetrating well Is tested the following equation is applicable when the test interval is fully saturated: )
-1
1.1 A + B In{(Z-Lw)/rw}
E = In(Re/rw) "{ W)+ Colw } =
- NN A
1.1 2N LA In{( COS . bri Yy e ) nnh
IS oy + T i
In{__.= / "0 ) —_— iz
If a tully penetrating well Is tested the following equation is applicable when the test interval is fully saturated:
-1 1.1 -1 ,
E= |n(RBIrW) = { 'n(LW/rW) + Le"w} { In( . _I : )+ ; /. 1 =
- J y
4 N
FLOW GEOMETRY PLOT TO DETERMINE A, B, ORC
14
W (.4 /
- 12 4 ‘
< . /
3 ’
M 10 »
E:I—‘ | "'\'/ g A
- g =
g 8 // o 14 8
T / B B @ g .
T
o & g T < 5 F
gy’ ¢ = —
% / /' O C=
4 7 7 2 £
< Y
a - ~4 // - m
ﬁ 2 gap jisi = -11 g
i | - - o
E 5 10 b 50 100 500 1000 - 5000
\ Le/Rw /2,353 y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 2 ") (Ctient: ﬁa?eéﬂ )
inY = Project:
K(f/min) = (rc DE)/(2Le) . Project #_<040.4,7. 72
[ 7o | - . Well;
K=1{.¢3 Pk Tk VoU 17 VY= Wb ft/min %hlecked By:.
tle:
or (ft/min) times 1440 = _--- ftlday Date:
or (ft/min) times 0.508 = Z a Yomis _ N\ %
i EMCON
thh
w SOUTHEAST
\. J\ J
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( TIME(min) LgC;E(?t) delta H(ft) | TIME(min) L‘gcgf(';‘n delta H(ft) | TIME(min) L‘gcgf{'?ﬂ delta H(f) )
(L .0 (static) 0.0 4~ o0
0.0 (slug-in) y0=
O :2— ﬁ J-T
,lb l lt
7.0 D, 40
k 3 ’ D o "Z—Z _)
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
4 1 Y
A
3 3
2 x
= . \\u\
F o
g2 4 -
E ; »
e \
& - )
5, lo =
rm ™~
'zz
1 ™
I~
lo° hS
] | S o .
| 1 2 3 A =1 b 7 8 9 Yo
L TIME (MINUTES) )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
(PARAMETERS: ") (Cliont:_Buee ] )
rw=__ 333 ft. well radius/sandpack radius ﬁ:g!gg:‘# CAp 7
Lw=_A»7 __ft. distance from static GW to well bottom Hyc:mgeo—%o 25 T
Z=__ Ao’/ __ft distance from water table to impermeable ||wel: 3
basement/layer Date;,__ /2-24-92
Le=_ 2 ft. length of open interval/sandpack Weather:
re=__ 023 __ft. internal radius of well casing Stig N GUD (circle one) )
D=_A3 /22 permin (1/)*In(yofyt) for simplicity D equals 3
- . 2.30/time required for H to drop one log cycle m E MC ON
A=_ 27 8 1 |
{ B=__ 40 PARAMETER VALUES FROM PAGE 2 w
lc=_22 SOUTHEAST
. AN _J/

' 1of2
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Iffa partially penetrating well is tested the following equation is applicable when the test interval is fully saturated: )
-1
1.1 A + B In{(Z-Lw)/rw}
E = In(Re/rw) ={ m{wia * Lofw } =
-1
1.1 . + In{( - ) }} o
In{ / ) — T
It a fully penetrating well is tested the following equation is applicable when the test interval is fully saturated:
11 <1 1.1 22 -1 s
= = el = {mm + L‘a“n“u} - { In(_40:2 /333 " TTZ /.33 } _ 395
\. J
FLOW GEOMETRY PLOT TO DETERMINE A, B, ORC
14
W @~
- 12 4
<L 4
Q /
V3] 4
» 10
T i - -
- ) / L1 < A= 2 /
z / B
s B @ g
L // } 43 T B-_40
S f S . /2
¢ = = £
% / /’ (@) C=_<.
< 4 -2 2
< A /| I
N / _ fos]
() sy P
t ;»—'T'- ’-""" 5
(1 . . e
°1 5 10 50 100 500 1000 - 5000
L Le/Rw ¢ )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
é 2 A @iem:_&%el/ )
in) = Projact: CAP
K{ft/min) = (rc E)l(2‘Le) Project #__Z040.009.92
z -4 Well:
Title:
or (ft/min) times 1440 = __//7 _ i/day Date:
or (ft/min) times 0.508 = 4107 cmis \. <
ettt
w SOUTHEAST
\ J\ _J
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WATER | WATER T w
(TIME(min) LEVEL(y | detta H(R) | TIME(min) LECEL(ﬂ) delta H(tt) | TIME(min) LE\?EE('?” delta H(f) )
1.9 (static) 0.0 q 04
0.0 (slug-in) y0= 10 L0223
! |.% |2 L0 13
3 0.7
5 0,26
note: If the flow test intervai is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
4 ! )
N ;
A\\\\{)
5 4
2 v
£ \0
S 4
@
A=) 4 RES
E 2 ER
LLi 2 -
1 A
£y 8-
=
03 T 1]
01
\\\\l
o L2 4 s _ 1 .3 i
O . 3 2 9 1o { !
L 0 gor TIME (MINUTES) v y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
( PARAMETERS: ) @iejnt:_%lf )
rw=__ 333 ft. well radius/sandpack radius roject.
Lw=__ 223 it distance from static GW to well bottom E;‘gf:;:ol ff:f‘o)‘g'z A/
Z-___ 5% ft distance from water table to impermeable ||weu: P
basement/layer Date: _ }2-24-92
Le=__!2__ ft. length of open interval/sandpack Weather: -
re=_ (085 ft. internal radius of well casing @”9 IN QU (circle one) )
D=_2:/4.25 per min {1/4)*in(yo/yt) for simplicity D equals - ~N
' 2.30/time required for H to drop one log ¢ycle EMCON
B= Ao PARAMETER VALUES FROM PAGE 2 w
\C= 2.2 )N SOUTHEAST
J

8705 page 1 of 2



qa partially penetrating well is tested the following equation is applicable when the test interval is fully saturated: )

-1
1.1 A + B In{(Z-Lw)/rw)
E = In(Re/rw) '{ ACwirw) * Lalrw } =
-1
{ 1.1 . oY) } _
In( / ) _

I a fully penetrating well is tested the following equation is applicable when the test interval is fully saturated:

11 c -1 1.1 22 1 1 _
E = In(Re/rw) = {M + |__B7I'\_N} ={ In(_23.2 [, 335 )+ fO | 323 = 335

\. _ J Y,
4 FLOW GEOMETRY PLOT TO DETERMINE A, B, OR C )
14
wl (J"/ ‘ “
-l 12
< A
Q A
7] /A
% 10 ) — ; )
- M = L7
g 8 / a n4 8 A
£ / B B @ p= .9
LCI-) 6 A e / 3 E
A z -
- ) A g3 C-—=-
< 4 -2 @
< /’/j‘ / w
» -
(]} sy // m
ﬁ 2 .--"'/’ “_‘_./ =l %
o - : |, B
01 S 10 Bb 50 100 500 1000 * 5000
L Le/Rw 12/, 237 3b y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1988)
( 2 | \{(Ciient; ™)
inY = Project:
K{ft/min) = (rc DE)/(2Le) 4 Project
- Waell;
K=( 078 L4 855yl )= 4.6 ft/min Cr?ecked By:
Title:
or (fymin) times 1440 = _. %1 ft/day Date:
or (ft/min) times 0.508 = _ 2.5, cm/s \ J
i EMCON
' ¥ B
w SOUTHEAST
\ AN J

page 2 of 2



/- WATER WATER " WATER | . ~\
TIME(min) LEVEL(ft) delta H(ft) | TIME(min) LEVEL(f) delta H(ft) | TIME(min) LEVEL(f) delta H(ft)
-0 (static) 0.0 70 0,23
0.0 (slug-in) y0= 74 D.20

1.0 |7
5,0 1O
10.0 0,50

o T2 .31 )
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.

a ! ™\

74— A1S: :

3

z_ y
T o L
s :
@
E = Mt
T EEESSNEN
m -.-‘N-“"""-_
.E \O’\ ﬂb“"’"-—-__‘h
= ;

w’t i L %4
5 lo IS 20 Sy
\_ TIME (MINUTES) y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)

(PARAMETERS: " (Client:_Zanel ™

rw=_4%  ft. well radius/sandpack radius lﬁmieg:# CAPM —
Lw= ?‘73{1 ft. d.istance from static GW to mfell bottom H;‘:ifo geologist: /5 e
Z=__Z7% 1 distance from water table to impermeable |[iwen,__ V@i,
basement/layer Date:__ /2-Z£-72
Lo= A%8 . length of open interval/sandpack Waeather: :
ro=__ . lt6__ ft. internal radius of well casing b‘”g IN (QUT) (circle one) )

D=/ 22./21.2% bsper min (1/4)*In{yo/yt) for simplicity D equals
2.30/ime required for H to drop one log cycle

<
EMCON

A= 3% &R |
B= .é PARAMETER VALUES FROM PAGE 2
i I &7  souTHEAsT
_J

page 1 of 2

Q/a72




ma partially penetrating well is tested the following equation is applicable when the test interval is fully saturated: )
-1
1.1 A + B In{(Z-Lw)/rw}
E = In(Re/rw) ='{ A(Cwiw) Colw } =
-1
1.1 N + In{( - ) } -
In( / ) — 1 -
If a fully penetrating well is tested the iollowing equation is appllcable when the test interval is fully saturated:
1.1 - ;
E=In(Re/w) = § Frwiay + m} { In( 9/.3 /,43 yf 27 T .as 1 =319
J
o _/
( FLOW GEOMETRY PLOT TO DETERMINE A, B, OR C )
i 14
w ¢~
= 12 4
< . A
Q /A
wn /A
0 1w
T - i 4
- i o / ,f" << A= 9 5
3 ; 4 g T
5 :
i L/ } % B= .°
Q 8 A/ 1 = 7
S ) M 2 c-_ 2|
< 4 -2 x
<C /’F’ / L.
Q et // i @
2 -1 Q
ﬁ ’—’_L- ’-*,—-/ ﬁ
c . o
°1 5 10 50 100 500 1000 - 5000
L Le/Rw 203/,43- 429 y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
4 zD N (Client: ':99// A
in) = Project:
K(fymin) = (rc DE)/(2Le) 4 Project #—Zi doeaT 57
L ) - ) weill__ Dl
K=( .4 % /o€ 319 W(223_ y=_AM.b ftmin Cheecked By:
Title:
| or (fvmin) times 1440 = .75 ft/day Date:
! or (ft/min) times 0.508 = &5~ cm/s \ J
' EMCON
Ahd
w SOUTHEAST
\ VAN J

page 2 of 2
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(- WATER _ ‘ “~\
(eI | | Eyerq | dettaHen | TMEGIn L"g\?;f(';‘n delta H(tt) | TIME(min) ngcgf(?t) delta H(tt)
.0 {static) 0.0
0.0 (slug-in) y0=
.l ya
0,25 0.%b
O ¢ 5 O [ Z.Lt‘
0 0,02% )
note: If the flow test interval is not fully saturated this method is not applicable, estimate using thiem & dupuit assum.
a | ~
B =
7
yi A <»
N
T o AN
« X
3 ~
=2 ;
- 3
E 2
£, \\‘
s
03 N
N \\‘
_2 \\
\O ' \\
o 3 A . 5" \ I'.F 2
Y TIME (MINUTES) )
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1989)
( PARAMETERS: \(Client___Bose// A
w=___42 __ft. well radius/sandpack radius i:g}:gtt:# gfjo woTY
Lw= {0/ ft. d.zstance from static GW to vL.feIl bottom Hydrogeologist: 2] R allor
Z=__ ~>77 ft distance from water table to impermeable ||wen:  DHuw2
) basement/layer Date; __/2-%¢-72
Le=_ 7.7 ft. length of open interval/sandpack Weather: :
re=__.lbb ft. internal radius of well casing E‘UQ IN  QUY (circle one) )
D=_z2/.42-48 permin (14)*In{yo/yt) for simplicity D equals -~ ~N
2.30/time required for H to drop one log cycle
A=_ 27 m EMCON
B=_ .5 PARAMETER VALUES FROM PAGE 2 w
C=_X43% SOUTHEAST
\ AN J

page 1 of 2
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ﬂ partially penetrating welt Is tested the following equation is applicable when the test interval is fully saturated: )

-1
1.1 A + B In{(Z-Lw)/rw}
E"“(RG’"")"{ln(Lw/m) + Le/w } -
-1
{ 1.1 . o (- )y} } _
in( / ) Y A _
if a fully penetrating well is tested the following equation is applicable when the test interval Is fully saturated:
11 c -1 1.1 2.8 -1
E = In(Re/w) = {ﬁ(Lanw) * Lelwv} - { In(_20.7 /43 ) “2.n 93 1 =292
- > Y,
(" FLOW GEOMETRY PLOT TO DETERMINE A, B, OR C \
14
L Q-
= 12 /
<L . /
K y
)
@ 10 ,'ﬁ — — y
- . / f"' : 8 A= '?' 2
3 ° / 1, @
i B B0 pg_ &
w A/ pd ds I B=
(&) / } be ;
S / M § C=—<£2
: ) LA /. T i
2 . "'4{ v o IR a
(§Y] ,--"-"‘"” I' d"“/ g
o | _\4,.— W
% 5 10 50 100 500 1000 5000
Y Le/RwW 20,7/,42- 42 y
SLUG TEST, BOUWER & RICE (Groundwater, May-June,1988)
4 2 ") (Clent: ngagl/ )
in) = Project:
K{ft/min) (rc EV(2Le) Project # Zoio.oaﬁ 72
P . ; A ) Well: F‘b
K={ ,/KD/ 428 .59 /2( 20,7 )= 9,33, 15 : ft/min Cheecked By:
Title:
or (ft/min) times 1440 = __1342 _ft/day eate:
or (ft/min) times 0.508 = ﬂ-’/afg'z cn/s > <
[aga) 7
w SOUTHEAST
- J\ Y,
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rTIME " SUMMARY OF ACTIViTIES
850 /Tlff“!deﬁl' M@M%
ATCe
9:/0 Setbng 7 -/O\R .s/ua et on _well HOD ruside. ﬂ[mﬂ"
1000 MOJ{?M fo do c[um /éaw/ Lest—on  well ‘}L’f-b
10:(S S&ng up for fésa :éad: ou__ well 41D !Pb;tc[& b/crﬂL
[0:35 ﬁecoueﬂv Sfngg)on 4D
10:81 ge{‘(mq Y 'F;/L Qqu/?atl Test on 2SS | 2bD
(:20 §1uq j@a:/ oot on wellf 26s and26d
(720 Moqu fo 2SR ond Z2DR  Hdoe  SLUG/BAIL Tést
[:90 | ScMing” up on 2SR and 2DR for.  SWUG JBAIL Test
[2:35 offﬁe/ o T
AN o)
N ST -\ LR
)[I/TV}‘M d\‘ /C\L-/
W /7/ /
\ \ L /
47’8,
Time In | Time Qut Visitor Name Company Purpose of Visit
Minutes Person Called Phone Number Purpose of Call
\ J
PROJECT DAILY REPORT
(Location:__ M. GA P  on Ste: \(client__W. L. Boppel] )
oater | TB-oeg7 Rad 4 Buchater Projoct__fagael] AP
Mileage Start;__ |45%L Project #2040 ;00 F. 72
Mileage End: Supervisor: Kud ¥ Bochalkek
Weather: _@m:fﬂ%tum% Lodging & Location: || Titl: y
Hrs. Lost to Weather:f‘ 5 -~ <
Equi t: i
j:ft’lntl.en Meals: T\ EMCON
— )| &8 “southEAsT
\ .

8/92
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FEASIBILITY AND CORRECTIVE ACTION PLAN MARCH 1993

APPENDIX B

Triaxial Permeability Data
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CHATTAHOOCHEE GEOTECHNICAL CONSULTANTS

LABORATORY WORKSHEET
TRIAXIAL. PERMEABILITY Back pressure saturated
Job: 02-452,17

Client: EMCON

Sample: AQUIFER#1 Dl 14-Dec-92
~ Number: 16.0’-18.&’

K =((3.73)*V*Udelta H*T*D*D)*(0.4 = 1.83E-04
deltaH = 10.00 psi
L - 5.80
Dw 2.85
| '-\\ DD = 8.12
-
AVQ
DATE Time Delta Vi V2 Delta K
Time Vv
14-DEC-8/  &.11 000  24.50
8.16 3.50 24.80 0,00 24,56 1.804E-04 Cm/Sec.
8.16 0.00 0.00  24.90
8,20 3.50 24.80 0,00 24.85 1,826E-04
8.67 0.00 0.10  24.80
9.01 3,560 26.00 0.00 24.90 1.830E~04
-
<04 YLNVILY — 0D0% WV §5:01 26 €2 ¢l

R ————....._._.. o MENENSSRR




CHATTAHOOCHEE GEOTECHNICAL CONSULTANTS

LABORATORY WORKSHEET
TRIAXIAL PERMEABILITY Back pressure saturated
Job: 92-4562.17

Client: EMCON

Sample: AQUIFER#2 DL Z 18-Dec-92
Number: 15'-16’

K =((3.73)*V°L/delta H*T*D*D)*(0.{ = 2,06E-08
dolta H = 10.00 psl
L 5.60
D= 2.85
D*D = .12
-
AVQ
DATE Time Deita Vi ' Delta K
Time v
18-DEC-8: 1400.30 0.00 2500
1406.28 208,00 24,90 0.00 20,95 2.168E-08 c//Sec.
1408.30 0.00 0.00 25.00
1411.30  800.00 24.80 010  24.86 2.130E-08
1412.30 0.00 0.00  25.00
1418.00 330,00 2500  -1.00 2650 1.887E-08
1418.00 0,00 0.00 2600
1424.30  880.00 26.00  -1.00 2600 2.026E~08
1425.30 0.00 0.00 25,00
1431.00 330.00 25.10 =0.10 26.10 1.958E-06
-
€0d VLNVILY - 290 Wy §9:0T 26 €< 2l

L S—-—_-— ———ER Y
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/. { Columbia
‘# . Analytical
2 Servicegr

January 6, 1993 Service Request No.: K927831

David Razieta

EMCON Southeast, Inc.

435 Atlanta Technology Center
1575 Northside Drive

Atlanta, GA 30318-4211

Re: Bonnell - Aquifer Testing/Project #2040.007.92

Dear David:

Enclosed are the results of the samples submitted to our laboratory on December 16, 1992,
Preliminary results were transmitted via facsimile on January 4, 1993. For your reference,
these analyses have been assigned our service request number K927831.

The summarized PCE data calculated on a mass basis for the soil and solution partitioning
is attached, in addition to the amount of PCE detected in each of the solutions. The lower
concentrations (0.30 and 0.100 ppm} exhibited substantial volatilization during the
procedure. The concentrations detected in some of the solutions from the PCE-treated soils
were also within experimental error of original PCE solution used to treat the soil. We hope
this data is useful for calculating the Kd coefficients.

The samples were analyzed by the suggested procedure and were mixed with the spiked PCE -
solutions. The PCE treated soils were allowed to settle prior to performing the instrumental
analysis.

All analyses were performed consistent with our laboratory’s quality assurance program. All
results are intended to be considered in their entirety, and Columbia Analytical Services, Inc.
(CAS) is not responsible for use of less than the complete report. Results apply only to the
samples analyzed.

Please call if you have any questions.
Respectfully submitted,

Columbia Analytical Services, Inc.
Dave o2 A
David L. Edeiman

Technical Director e///‘
DLE/akn Page 1 of | )

cC: David Buchalter (EMCON Southeast - Atlanta)
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COLUMBIA ANALYTICAL SERVICES, INC.

N ' Analytical Report
Client: EMCON Southeast, Inc. Date Received: 12/16/92
Project: Bonnell - Aquifer Testing/#2040.007.92 Date Extracted: 12/22/92
Sample Matrix: Soil Date Analyzed: 12/24/92

Work Order No.: K927831

Tetrachloroethene (PCE) Solutions in Contact with Soil
EPA Method B020 Modified

mg/L {ppm)
Sampie Name Lab Code MRL Result
DW1-25 K7831-2{SB) 0.0005 ND
\-\, DW1-25 K7831-2(0.030) 0.0005 0.0115

k_/. - DW1-25 K7831-2{0.100) 0.0010 0.0611
DW1-25 K7831-2(0.300) 0.0025 0.0179
DW1-25 K7831-2(1.00) 0.010 0.877
Dw2-25 K7831-3(SB) 0.0005 ND
Dw2-25 K7831-3(0.030}) 0.0005 0.0106
DwW2-25 K7831-3(0.100) 0.0010 0.0586
Dw2-25 K7831-3{0.300) 0.0025 0.183
Dw2-25 K7831-3{1.00) 0.010 0.651

MRL Method Reporting Limit
ND None Detected at or above the method reporting limit

Approved by U, w.’/{ Date /¢ #23

00004

4847 South 13th Avenue * PO.DBox 479 ¢ Kelso, Washinoton 98626 +  Telephone 206/577-7222 o Fax 206/6346-1068



COLUMBIA ANALYTICAL SERVICES, INC.

Analytical Report

Client: EMCON Southeast, Inc. Date Received: 12/16/92
Project: Bonnell - Aquifer Testing/#2040.007.92 Date Extracted: 12/22/92
Sample Matrix:  Soil Date Analyzed: 12/24/92

Work Order No.: K927831

Tetrachloroethene {PCE) Solutions in Contact with Soil
EPA Method 8020 Maedified
mg/L {ppm}

Sample Name Lab Code MRL Result
Method Blank K7831-MB 0.0005 ND
0.030 Standard K7831-30 0.0005 0.0130
0.100 Standard K7831-100 0.0010 0.0617
0.300 Standard K7831-300 0.0025 0.1986
1.00 Standard K7831-1000 0.010 0.938
MRL Method Reporting Limit
ND None Detected at or above the method reporting limit
Approved by Dhe, £L.2. A Date_i/cfe3

1317 South 13th Avenue

PO. Dox 479

Kelso, Washington 98626

00005

Telephone 206/577-7222 & Fax 206/636-1068



APPENDIX A

LABORATORY QC RESULTS

00006

1917 SAnth 49tk Avania & DO Rax 470 o  Kolio Washinoton 98476 ¢ Telenhone 206/577-7222 » Fox 206/636-1068



Client:
Project:

Sample Matrix:

Sample Name

4 DW1-25

e DW1-25
DW1-25
DW1-25
DwW2-25
DW2-25
DW2-25
Dw2-25
Soil Blank
Soil Blank
Method Blank

COLUMBIA ANALYTICAL SERVICES, INC.

QA/QC Report

EMCON Southeast, Inc.
Bonnell - Aquifer Testing/#2040.007.92

Water

Approved by_Daw 4L, . /

1317 South 13th Avenue ¢

Date Received: 12/16/92
Date Analyzed: 12/24/92
Work Order No.: K927831

Surrogate Recovery Summary
Halogenated Volatile Organic Compounds
EPA Methods 5030/8010

Lab Code

K7831-2{0.030)
K7831-2{0.100)
K7831-2{0.300)
K7831-2{1.000)
K7831-3{0.030)
K7831-3{0.100)
K7831-3{0.300)
K7831-3(1.000)
K7831-2{SB)
K7831-3{SB}
K7831-MB

Percent Recovery
a,a,a-Trifluorotoluene

CAS Acceptance Criteria

Date /¢ a3

PO Box 479

Kelso. Washinaton 984626

Telephone 206/577-7222

100
100
100
100
100
100
100
100
101
100
101

78-119

00007

Fax 206/636-1068



COLUMBIA ANALYTICAL SERVICES, INC.

R— ' QA/QC Report

Client: EMCON Southeast, Inc. Date Received: 12/16/92
Project: Bonnell - Aquifer Testing/#2040.007.92 Date Analyzed: 12/24/92
Sample Matrix: Water Work Order No.: K927831

Surrogate Recovery Summary
Halogenated Volatile Organic Compounds
EPA Methods 5030/8010

Sample Name Lab Code Percent Recovery
a,a,a-Trifluorotoluene

. 0.030 Standard K7831-30 100
(N 0.100 Standard K7831-100 100
0.300 Standard K7831-300 100
1.00 Standard K7831-1000 100
CAS Acceptance Criteria 78-119
Approved by_Daw. £L2 . / Date_1/¢{q93

00005

1317 South 13th Avernue ¢ PO. Box 479 + Kelso. Washinatan 98626 * Telephane 206/577-7222 » Fox 206/626-1068



APPENDIX B

CHAIN OF CUSTODY INFORMATION

6o00y

1317 South 13th Avenue * PO, Box 479 e« Kelso, Woshington 98626 ¢ Telephone 206/577-7222 = Fax 206/6346-1068



December 14, 1992
Project Number 2040.007.92

David Edelman, PhD
Columbia Analytical Services
1317 South 13th Avenue
P.O. Box 479

Kelso, Washington 98626

RE: The William L Bonnell Company, Inc.
K, Batch Testing

Dear Dave:

Thanks for your response to my request for K, batch testing. | have

enclosed four samples that | hope arrive in good condition. The samples

are from two aquifer test discharge wells DW1 and DW2 from an industrial
{ client, The William L Bonnell Company. | have enclosed some ideas on
procedures and spiked solutions (hopefully correct) for your additional
review.

If you have any questions, please do not hesitate to call. Also, please call
when you receive these samples. Thanks.

Sincerely,
EMCON Southeast

/J{Zﬁ?;( 7%‘!%%

David Radzieta
Project Manager - Hydrogeology

DR/bb
Enclosures

cc: David Buchalter

EMCON Southeast . 1\2040,007 92\EdeIman.lir
435 Atlania Tecbnology Center ¢ IS75 Northside Drive * Atlanta, Georgia 30318

404/355-5600 * Fax 3553207

Environmental Maragement Consuttants L
00610



PROCEDURE FOR EACH SAMPLE

Oven dry the sample 105°C to 110°C overnight.

a. Loosen up any soil clods that may have formed during
shipment by grinding with a mortar and pestle.

b. For 10-gram sample aliquots - half the sample by splitting a
pile.

c. For 5-gram aliquots - quarter the sample by dividing a pile.

Take the sample half (or quarter), re-pile it, and divide the pile into
quarters for each sample aliquot.

Weigh each aliquot to four significant digits and note the mass.

The aliquotes will be placed into 40-mil (for 5-gram samples) or
100-mil (for 10 gram samples) VOA vials or similarly suitable
containers. These can be weighed before starting to simplify mass
determination. At this point also label four blank VOA vials for blank
samples of each solution.

Dip the VOA vials into an ice bath for 60 seconds to reduce sample
and vial temperatures then fill the OVA vials with the spiked PCE
solutions, taking care to note the volume of solution added. (For
head space analytical techniques where the vial is not completely
filled, a known volume is added. For no head space analytical
techniques, before and after vial weights or calibrated pipettes/burets
are used to determine the volume of solution added. Be careful at
this stage since fluids can collect on vial threads.)

The samples are slowly tumbled for five minutes, allowed to settle for
30 minutes, and centrifuged to separate the solids onto the bottom
of the container (until a distinct clear phase is present).

The clear phase liquid is analyzed to determine the concentration,
and thus mass, of PCE remaining in solution. For blank samples
that differ significantly with initial solution concentrations, the blank

is assumed to be the initial starting concentration to correct for

volatilization and adsorption onto sample containers. For head
space techniques, an additional time of 1 hour may be required to
aliow for proper PCE partitioning between solid, liquid, and gaseous
phases.

00011



9. The initial mass of PCE added is simply the volume added times the

initial concentration (or blank concentration). The mass adsorbed is
simply the final liquid concentration mass subtracted from the initial
(or blank) concentration mass.

Since not all adsorption processes are linear (i.e., in particular at
higher concentrations with immiscible phases/constituents) more than
two data points are necessary to determine if the adsorption
isotherm is a Fruendlich type, Langmuir type, or exponential type of
process. The four concentrations selected for this study follow an
approximate log normal scale that bracket the 0.0 to approximately
500 ug/l groundwater concentrations observed in the field.

FOR SPIKED SOLUTIONS

Density of PCE at approximately 15°C is 1.6311 gm/m!. | would start by
mixing a stock solution - add 0.06131 ml PCE to 999.9387 ml H,0O or 0.07

ml PCE to 1,000 ml H,O to account for potential volatilization.

In this solution | would have a teflon coated magnetic stirrer. This makes
a stock 0.1 gm/l or 100 mg/i solution of approximately 1.0001 gm/cg density
(it you can get the PCE to dissclve completely).

Add 10 mi of this stock solution to 990 ml H,O for an approximate 1,000
ug/l solution, add 3 mi stock solution to 997 ml H,O for 300 pg/i solution,
add 1 ml stock solution to 999 ml H,O for 1000 ug/l solution, and add 0.3
ml of the stock solution to 999.7 ml H,O for the 30 pg/l solution. The final
solutions should be storable in a chilled state without PCE leaving solution
into immiscible phase. These four solutions also require analysis bringing
the total analysis count up to 24 and cost to $2,400 (i.e., $100/sample).

60012
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1.0 INTRODUCTION

This appendix presents a description of the numerical modeling method and describes
the site-specific Bonnell ground water and transport models.

2.0 NUMERICAL MODELING METHOD

Quantitative models of ground water systems and pollutant transport are developed by
describing the hydrogeologic system in mathematical terms. In both cases, partial
differential equations govern the physical processes involved. Exact mathematical
(analytical) solutions to these differential equations are known, but only in a limited
number of simplified and well-defined cases. On the other hand, site-specific numerical
solutions to these equations, utilizing the speed and iterative capability of the computer,
are available with a high degree of accuracy.

If the hydrogeology of an area is not too complex, or if the degree of accuracy required
is not too great, analytical solutions may form the basis of a model. Moderately complex
problems often require a two-dimensional numerical (computer) model. For very
complex problems, where more than one subsurface layer exists or where multiple flow
components are expected, a three-dimensional numerical model may' be more
appropriate. This is the case at the Bonnell Company site, where the numerous creeks
and pond play such a large role in the behavior of the ground water system.

The evaluation of ground water pollution problems is a two step process. Initially, a
computer model is developed that describes the pattern and magnitude of ground water
flow. This model then provides the flow field for a companion solute transport model,
which simulates actual contaminant movement within the aquifer system.

2.1  Ground Water Flow Modeling

A numerical ground water model is a computerized representation of a real-worid
hydrogeologic system, incorporating all of its significant characteristics. Its construction
can be broken down into a four-step process:

L. Identifying the natural boundaries of the hydrogeological system;

2, Describing the subsurface geometry of the system (the positions of all significant
aquifers, etc.);

3. Supplying the inherent hydraulic properties of the system; and

4. Calibrating the model to simulate and reproduce characteristics of the real-world
system.



The first step in the development process is to identify the physical system to be
modeled and the natural features that define its boundaries. In much the same way that
isolated surface water systems exist, and can identified by their characteristic drainage
basins, ground water systems often occur in individual hydrogeologic basins. An
example of this analogy is shown in Figure F-1. Surface water basins are bound by
major topographic divides. Similarly, hydrogeologic basins are bound by major streams
and rivers, or by impermeable geologic materials (such as clay or bedrock-valley walls,
etc.). In the example shown, the ground water basin is bound by streams on either side.
A ground water divide occurs in the center of the basin, which delimits the point
separating ground water flow in the aquifer to one stream or the other. The underlying
impermeable layer forms the bottom boundary. Within each hydrogeologic basin the
factors that affect ground water movement are isolated; exterior stresses, such as
pumping in an adjacent basin, have little or no effect.

The second step in the development of a model is the identification of major
hydrogeologic units within the basin and describing their geometry in a manner that can
be easily entered and handled by the computer. To facilitate this process, a rectangular
grid is superimposed upon the study area, thereby discretizing the model domain into
a finite number (often a thousand or more) of subregions as shown in Figure F-2. The
location of each subregion, or cell is referenced by the coordinates (i,j,k), where "i" is the
x-direction and "j"'is the y-direction, and "k" is the vertical direction (increasing
downward). The number and location of cells in the horizontal directions are generally
user-defined. The location and thickness of each cell in the vertical direction usually
coincides with a particular hydrogeologic layer, although several cells can be used to

represent a single horizon.

Once the system’s geometry has been discretized, every cell within the model is assigned
hydraulic properties representative of the geologic layer of which that cell is part. For
a steady-state model, hydraulic conductivity (permeability) is the primary property
required. The end result is a three-dimensional array of cells that represents as best as
possible the heterogeneous geologic features and properties of the model domain.
Rainfall /recharge, pumpage, and other stresses occurring within the system may also
be input to the computer.

The finite-difference scheme can then be used to solve the governing partial differential
equation. The procedure involves writing a system of algebraic equations relating the
variation of hydraulic head (hydraulic pressure) from cell to cell. As is the case with
even the smallest system of equations, some conditions must be known before the
remainder of the system can be solved. For a ground water model, known conditions
must exist along the grid boundaries. These may be of two types: specified head or
specified flux (i.e., flow rate). Fortunately, this is not a problem since the model
boundaries, if correctly established, coincide with the boundaries of a hydrogeologic
basin. Boundaries that follow the reach of a river are given a specified (fixed) head
equal to the elevation of water in the river. Impermeable boundaries or ground water
divides are assigned a zero flux condition, since no flow can take place across the

2
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boundary. Once the boundary conditions have been supplied, the system of equations
can be solved iteratively, usually with some form of Gaussian elimination. The
approximate hydraulic head at each cell within the interior of the grid is calculated
based upon the known conditions at the grid boundaries. This process is then repeated
again, calculating new hydraulic heads from the old approximate heads. Iteration
continues until the calculated head converges upon a single non-changing value of
hydraulic head for each cell.

The model is then calibrated against the real-world system. As trial computer runs are
performed, the water levels computed by the model are compared to a map of observed
water levels within the real aquifer system. The two will not agree if the three major
components of the model-aquifer geometry, boundary conditions, and hydraulic
properties (permeability, recharge and other stresses)--have not been correctly specified.
However, by modifying the hydraulic properties (within a predetermined range of
uncertainty) and by making minor changes in aquifer geometry, the model’s output can
eventually be made to match the observed conditions. In this trial and error way the
model is calibrated. The model then represents an approximation of the real-world
system, and can, within limits, be used to predict the behavior of the real-world system,
even under a variety of new conditions.

2.2 Contaminant Transport Medeling

The contaminant transport model is a companion of the ground water flow model; they
use the same finite-difference grid and aquifer geometry. Similarly, they both utilize a
finite-difference technique to solve a governing partial differential equation.

For contaminant transport, a mass-balance approach is used to obtain a solution. The
separate terms of the transport equation represent the following processes:

[convection] + [dispersion] - [retardation] +/-
_[injection/production] = [accumulation]

Convective contaminant migration is due solely to the flow of ground water, which
carries with it a given pollutant concentration. The flow model must therefore be
performed first in order to establish a flow field for the convection term of the transport
model. The second term is dispersion (i.e., a "spreading” of the pollutant). This process
is thought to be the result of mechanical mixing as the contaminant traverses a tortuous
path through individual sand grains and local heterogeneities. The third term,
retardation, can represent a variety of mechanisms for attenuating pollutants, such as the
adsorption to clays. The last term on the left-hand side of the equation represents
contaminants entering the system through injection or surface spills, or exiting the
system via discharge to wells, springs, and streams.



The transport model’s output represents the average contaminant concentration within
each (i,jk) cell contained in the grid. Ideally, the transport phase of the study also
involves calibration, where model parameters are adjusted until the output matches a
known contamination event. This is often difficult, however, due to the lack of detailed
historical knowledge, such as when and how much contaminant was released.

The transport model can be used to simulate, subject to the above physical processes,
contaminant movement through time, the levels of pollutant loading to nearby rivers,
or the reduction of contaminant levels resulting from the operation of interceptor wells,

2.3 The SWIFT HLI Computer Model

The model selected for use at Bonnell is the Sandia Waste Isolation Flow and Transport
model (SWIFT). The model was originally developed for Sandia National Laboratories
by three consulting firms (Intercomp, Inc.; Intera, Inc.; and Geotrans, Inc.) over a ten-year
period. The Nuclear Regulatory Commission sponsored this work under its high-level
nuclear waste program. The model was developed under a rigorous quality assurance
and control program. Extensive testing of the code against known solutions has been
performed. A detailed description of the development and testing of SWIFT, as well as
the theory behind it, can be found in Finley and Reeves (1982) and Reeves, et.al. (1986).

SWIFTs final form (SWIFT III) is a fully three-dimensional ground water flow and solute
transport model, capable of simulating variable density flow, heat and brine transport,
and flow in both porous and fractured media. The model can handle steady state or
transient processes in both confined and unconfined aquifers. The program, written in
FORTRAN, has the ability to simulate a variety of injection/ production wells and aquifer
boundary conditions.

The simulations for this study are being performed on a DEC MicroVAX computer. For
the regional model, a typical run consumes about 20 minutes of CPU time (operating in
a steady-state mode on 3,108 grid cells). The local model’s requirements are
substantially larger owing the large 6,837 cell matrix, requiring about 1.5 hours for the
initial steady state flow solution and an additional 2 hours for every year of contaminant

travel simulation.

3.0 REGIONAL FLOW SYSTEM

In the early stages of model development it was quickly found that no single model
could be constructed that would incorporate both the area-wide regional hydrogeologic
features and at the same time provide enough resolution at the site scale to accurately
define local phenomena. (Figure F-3 shows these regional features as best they are
known.) Two models were therefore employed. The first is a regional-scale model
covering the wide area around the site. The second is a local-scale model, which is a
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subset of the larger model. Water levels computed by the regional model were. used to
establish the boundary conditions prescribed along the edges of the local model. In this
way the local site area could be modeled with a much higher resolution than would
otherwise be possible, while transferring the characteristics of the regional system,
mainly the elevation and shape of the water table, into the local scale.

Figure F4 shows the regional finite-difference grid developed for this site, which is
designed such that three of its boundaries coincide with the approximate regional
divides shown in Figure F-3. The northern and eastern boundaries of the model coincide
with the main regional divide separating ground water flow from the Little Wahoo and
Mountain Creek tributaries. The western edge of the model lies along a smaller divide
between Mineral Springs Branch and a second small tributary further west. No-flow
boundary conditions are prescribed on these model edges. (The actual nature of water
flow is vertically downward, and not horizontally across the divide)  Along the
southern model edge there not a conveniently located divide. However, in this area
ground water flow is directly toward the Mineral Springs Branch on both sides, which
is approximately parallel with the southern model boundary. Thus, a no flow condition
also exists if only water movement across the model boundary is considered.

Vertically the regional model is comprised of three equally spaced layers of cells stacked
upon the bedrock. Therefore it was necessary to first develop a bedrock contour map
on the regional scale. Bedrock data at the site scale had to be extrapolated well outside
of the range of data coverage. While the result was at best an approximation, the
usefulness of the regional model--serving only to provide the general patterns of ground
water behavior and as a starting point for the local model-—was not invalidated.

Calibration of the reglonal model was performed by varying rainfall/recharge and
permeability such that computed water levels along the edges of the interior local model
approximately matched those observed near the periphery of the site, although in some
areas the local data base still does not extend as far as we would have liked. The final
calibration parameters selected were four inches per year of recharge and a permeability
of one ft/day. No anisotropy was considered in the regional modeling effort. Figure
F-5 shows the water levels computéd by the reglonal model, together with the outline

of the local-scale model grid.

In terms of the three-d:mensmnahty of the flow system, vertical components of flow exist
only along the boundaries of the regional model {or, in the real world, near the ground
water divides) and in the immediate vicinity of streams. Near the divides this reflects
the movement of rainfall/recharge initially downward to the base of the aquifer,
followed quickly by horizontal movement toward area streams. . As the streams are
approached vertical components are again established as water moves upward to the
base of the streams to be discharged. Over most of the model area, however, most flow
is almost entirely horizontal. This suggests that, if it were not for the observed

- - _phenomenon of -contaminants: migrating under shallow streams, a two dimensional
o model would have been appropnate for tius 51be ' : T S
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4.0 LOCAL FLOW SYSTEM

The local scale flow model is conceptualized as an anisotropic, three-dimensional water
table aquifer. From observed water level patterns, the flow directions and water table
elevations are influenced primarily by the onsite ponds and area streams. Additionally,
variations in aquifer thickness due to undulating bedrock topography, together with
preferential flow along geologic strike, are also thought to be factors affecting ground
water flow. The domain of the local scale system is designed so that these controiling
features are represented in the model. The domain includes the two onsite ponds,
Mineral Springs Branch, West Washington Creek, and the onsite drainage ditch. Their
finite-difference representations are shown in Figure F-6. The local finite-difference grid
is composed of 53 by 43 cells in plan view. Aerially, the grid spacing varies from 20 feet,
where high resolution is required, to 160 feet in less crifical areas.

Vertically, three equally spaced layers of cells are used to represent the saturated
thickness of the saprolite aquifer. The base of the model is considered to be the local
bedrock surface, which is shown in Figure F-7. The top of the model is the approximate
water table surface, rather than the actual land elevation. The reason for this is so that
the model could be run in a confined-aquifer mode (i.e., where water level elevations are
at or above the top of the aquifer) and still approximate an unconfined system.
Operating the model in an unconfined mode proved too time-consuming due to the
extra iterations required for dewatering/aquifer-thickness corrections. The top of the
model, then, was defined through successive model runs and using computed water
level elevations as the top of the aquifer for the next set of simulations. In another time-
saving effort, preliminary developmental runs were often performed using a two
dimensional (one layer) representation of the system, reserving the three dimensional
simulation for when the characteristics of the system were better defined.

Calibration was performed again at the local scale. A value of rainfall/recharge of four
inches per year, as with the regional model, was found to produce the best results. For
the local model the effects of anisotropic permeability were also investigated.
Anisotropy was assumed to occur along the grid axes, which were originally set up to
coincide with the average geologic strike of the site area. The strongest permeability
components were assigned along the model’s y-axis, or along the geologic strike, and the
z-axis, which represents preferential vertical flow along the geologic dip. The least
strongest component was given along the x-axis to produce less flow perpendicular to
foliation within the saprolite.

Observed contamination patterns at the site, which act as a ground water tracer, show
some slight evidence of preferential flow along geologic layerings. Careful comparison
of concentration contour maps with the direction of ground water flow predicted from
the observed water levels suggests a small preferential transport component to the south,
which we interpret as being produced by foliation in the saprolite. Several model runs
were performed with varying anisotropy ratios to. examine this potential effect.

11
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Simulations performed with anisotropy ratios higher than about 10:1, however, produced
an extreme directionality not observed in the site data. A review of the trial runs
showed that a ratio of 2:1 gave the "best" results, producing the slight amount of
preferential movement desired. We note that this ratio is not as high as we might expect
for Piedmont saprolite. The final computed water levels and the predicted flow
directions are shown in Figure F-8. Agreement with observed water level data is good.

5.0 TRANSPORT SYSTEM

At the local scale, transport simulations were performed to assess contaminant transport
eight years into the future if no remedial action is taken at the site. Since only limited
knowledge exists on the history and amount of PCE released into ground water, a
simulation of the actual contamination event, and a reproduction of the present day
concentrations (history matching), could not be accomplished. This lack of source
definition is common at similar sites. Instead, from the existing shallow and deep
contours of PCE, observed concentrations were assigned to the appropriate cells of the
model, thereby initializing the model to represent present-day contaminant patterns. The
shallow PCE data were assigned to the upper model layer and the deep data were
assigned to the lower two model layers. From this process the total mass of PCE in
ground water was found to be only about 25 pounds.

The transport of volatile organics in ground water is controlled by convection
(movement with the ground water), hydrodynamic dispersion, adsorption to the soils
(retardation), and molecular diffusion. In this analysis the calculated flow velocities
from the local-scale model provided the convection term. For dispersion, a single value
of 50 feet was considered. This value is somewhat higher but generally consistent with
field-determined estimates in similar materials. The effects of adsorption and diffusion
were not investigated. In assigning transport parameters such as dispersion, we elected
to use values that have the effect of producing an overall conservative analysis in terms
of environmental protection, or one that would not underestimate the degree of

contaminant movement.

The solution of the concentration equation as implemented within the SWIFT III model
is limited by certain numerical constraints. For instance, given a particular grid spacing
and velocity term, time steps that are too large or dispersion values that are too low can
produce errors in the concentrations determined. The limiting values that can be used
are easily determined, however. For the local model it was found that maximum time
step allowed is 60 days and the minimum dispersion varied between about 20 to 40 feet.
Times steps of 30 days and a dispersion value of 50 feet were ultimately selected for the
local simulations. Modeling transport over an eight year period, in 30 day increments,
therefore required 97 separate iterations.

Model output (shown in the main body of the report) shows the effects of convection
(a few tens of feet per year) along the main flow direction and a lateral spreading. The
latter is the result of both dispersion and as the result of preferential flow (anisotropy)
along the geologic strike. :

14
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6.0 CAPABILITIES FOR FUTURE INVESTIGATIONS

The local scale flow and transport model is capable of simulating a variety of remedial
scenarios, including the removal through time of PCE due to the operation of interceptor
wells. Any arrangement of remedial wells can be simulated. Once a number of such
runs have been performed, an optimum number and arrangement of wells can be
selected. Importantly, this process can help establish a cleanup level for the site that is
based on cost effectiveness. PCE concentrations within removed water can also be
estimated, thereby defining the requirements of any treatment system designed for the

site.
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A MODULAR THREE-DIMENSIONAL FINITE-DIFFERENCE GROUND-WATER FLOW MODEL
By Michael G. McDonald and Arlen W. Harbaugh
ABSTRACT

This report presents a finite-difference mode! and its associated
modular computer program. The model simulates flow in three dimensions.
The report includes detailed explanations of physical and mathematical
concepts on which the model is based and an explanation of how those concepts
are incorporated in the modular structure of the computer program. The
modular structure consists of a Main Program and a series. of highly
independent subroutines called “modules.” The modules are grouped into
“packages." Each package deals with a specific feature of the hydrologic
system which is to be simulated, such as flow from rivers or flow into
drains, or with a specific method of solving linear equations which describe
the flow system, such as the Strongly Implicit Procedure or Slice-Successive
Overrelaxation.

The division of the program into modules permits the user to examine
specific hydrologic features of the model independently. This also facilitates
development of additional capabilities because new packages can be added to
the program without modifying the existing packages. The input and output
systems of the computer program are also designed to permit maximum flexibility.

Ground-water flow within the aquifer is simulated using a block-centered
finite-difference approach. Layers can be simulated as confined, unconfined,
or a combination of confined and unconfined. Flow associated with external
stresses, such as wells, areal recharge, evapotranspiration, drains, and
streams, can also be simulated. The finite-difference equations can be
solved using either the Strongly Implicit Procedure or Slice-Successive
Overrelaxation.

The program is written in FORTRAN 77 and will run without modification
on most computers that have a FORTRAN 77 compiler. For each program module,
this report includes a narrative description, a flow chart, a list of variables,
and a module 1isting.
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CHAPTER 1
INTRODUCTION
Purpose
Since their inception, the two- and three-dimensional finite-difference

models described by Trescott (1975), Trescott and Larson (1976), and Trescott,
Pinder, and Larson (1976) have been used extensively by the U.S. Geological
Survey and others for the computer simulation of ground-water flow. The
basic concepts embodied in those models have been incorporated in the model
presented here, The primary objectives in designing a new ground-water
flow model were to produce a program that could be readily modified, was
simple to use and maintain, could be executed on a variety of computers
with minimal changes, and was relatively efficient with respect to computer

memory and execution time.

The model program documented in this report uses a modular structure
wherein similar program functions are grouped together, and specific compu-
tational and hydrologic options are constructeq in such a manner that each
option is independent of other options. Because of this structure, new
options can be added without the necessity of changing existing subroutines.
In addition, subroutines pertaining to options that are not being used can
be deleted, thereby reducing the size of the program, The model may be
used for either two- or three-dimensional applications. Input procedures
have been generalized so that each type of model input data may be stored
and read from separate external files. Variable formatting allows input
data arrays to be read in any format without modification to the program.
The type of output that is available has also been generalized so that

the user may select various model output options to suit a particular
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need. The program was originally written using FORTRAN 66 (McDonald and
Harbaugh, 1984), It has subsequently been modified to use FORTRAN 77.
This report documents the FORTRAN 77 version. The program is highly
portable; it will run, without modification, on most computers. On some
computers, minor modification may be necessary or desirable. A discussion

about prbgram portability is contained in Appendix A.

The major options that are presently available include procedures to
simulate the effects of wells, recharge, rivers, drains, evapotranspiration,
and "general-head boundaries". The solution algorithms available include two
jteration techniques, the Strongly Implicit Procedure (SIP) and the Slice-

Successive Overrelaxation method (SSOR).

Organization of This Report

The purpose of this report is to describe the mathematical concepts
used in this program, the design of the program, and the input needed to
use the program. The program has peen divided into a main program and 2
series of highly independent subroutines ca]léd modules. The modules, in
turn, have been grouped into "packages," A'package,is a group of modules
that deals with a single aspect of the simulation. For example, the Well
Package simulates the effect of wells, the River Package simulates the
effect of rivers, and the SIP Package solves a system of equations using
the Strongly Implicit Procedure. Many of the packages represent options
which the user may or may not have occasion to use. Each of the packages

is described in a separate chapter of this report. Two preliminary chapters
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describe topics relating to the overall program; Chapter 2 derives the
finite-difference equation that is used in the model and Chapter 3 describes
the overall design of the program. (hapter 14 describes utility modules
that are used by various packages to perform special tasks. Appendices A-E

cover topics relating to the operation of the model.

Chapters 4 through 13 describe individual packages. The description
of each package consists of (1) a section entitled "Conceptualization and
Implementation,” (2) input instructions for the package, and (3) documenta-
tion of the individual modules contained in the package. The Conceptualiza-
tion and Implemementation section describes the physical and mathematical
concepts used to build the package. For example, in the chapter describing
the River Package, an equation is derived which approximates flow through a
riverbed, and a discussion is provided to show how that equation can be
incorporated into the finite-difference equation. Chapters 12 and 13 des-

cribe the solution procedures currently available in the model.

The tnput instructions in Chapters 4 through 13 are presented in terms of
input “items." An item of input may be a single record or a collection of
similar records, or it may be an array or a collectfon of arrays.(In the model
described herein, three-dimensional arrays are always read as a collection of
two-dimensional arrays, one associated with each model layer.) The input
section in each chapter presents a list of the input items associated with
the package described in that chapter; the entries in this Tist are numbered,
and generally consist of two lines (sometimes followed by a note or comment).
For i1tems which consist of a single record or a group of similar records,
the first Tine in the entry gives the names of the fields comprising the
records, while the second line shows the format of those fields, in standard

FORTRAN notation, For an input item which consists of an array, the first
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Tine of the entry gives the name of the array, while the second line gives
the name of the utility module which reads the array. Further details

concerning utility modules are provided in Chapter 14.

For most of the packages, the 1ist of input items is subdivided into
two major sections. One of these falls under the heading "FOR EACH SIMULATION"
and iﬁc]udes all items for which only one entry is needed in each simulation;
the other falls under the heading "FOR EACH STRESS PERIOD", and inc]ude_s
those items for which several entries may be needed in each simulation (for
example, pumping rate, which may change with time during the period repre-
sented in a simulation). These major sections of the input list are further
subdivided by headings which indicate the modules (subroutines) which read
the item, or, in the case of an array, which call a utility subroutine to
read the array. Input items that are printed entirely in capital letters
are used as FORTRAN variables or arrays in the model program; input items
which appear in mixed upper and Tower case print are terms used in the
instructions to describe the input fields or phocedures, and do not appear
in the model itself as FORTRAN variables, Chabter 4, which describes the
Basic Package, includes two Tists of input items; one of these describes
input which is always required, while the other describes input associated

with the optional “output control" section of the Basic Package.

An explanation of input fields is presented following the list of in-
put items in Chapters 4 through 13. This explanation is followed in most
cases by a sample input for the package under consideration. In Chapter 4,
again, the input items associated with the output control option are treated

separately; thus an independent explanation of fields and sample input are
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provided for output control.

In each simulation, the user must designate which of the options of
the program are to be utilized, and must indicate the file from which the
input for each option is to be read. This is done through a one-dimensional
array, IUNIT; the entries in this array are the unit numbers associated
with the required files by the computer operating system. A location in
the IUNIT array is given at the beginning of the input sections in Chapters
5 through 13, and at the beginning of the input discussion for “output
control" in Chapter 4. If the option is to be utilized, the user must
enter, in the designated IUNIT array location, the unit number of the file
or channel through which input for the option is to be read; if the option
is not required a zero is entered in this location. Further discussion of

the IUNIT array is provided in Chapters 3 and 4.

Following the input section in Chapters 4 through 13, each chapter
provides a documentation of the modules making up the associated package.
This documentation consists of a list of the modules in the package, followed
by detailed descriptions of each of the modules. The detailed description
of ‘a module generally contains four documents: (1) a narrative description
of the module, (2) a flow chart of the module, (3) a FORTRAN listing of the
module, and (4) a list of the variable names which are used in the module,
For very simple modules, the flow chart is omitted. The narrative description
is a numbered 1list of the functions performed by the module showing the
order in which they are performed. The flow chart is a graphic equivalent
of the narrative. The blocks in the flow chart are numbered with the same
numbers used in the narrative so that the two documents can be cross referenced.

An explanation of terms used in the flow chart is contained on the sheet
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with the flow chart. The program listing contains comments with numbers

corresponding to those used in the flow charts and the narratives. The

fourth record of the listing contains a commeht showing the time and day
that the module was last modified. The list of variables shows the name,
range, and definition of every variable used in the module, I[f the variable
is used only in that module, its range is given as “Module”; if it is used
in other modules of the package, but not outside the package, its range is
given as "Package"; if it is used in the modules of more than one package,

its range is given as "Global."

To summarize the organization of this report, Chapters 2 and 3, and
the "Conceptualization and Implementation" section of Chapter 4, provide
discussions relevant to the overall design and functioning of the program;
the formulation of coefficients representing flow within the aquifer is
discussed under "Conceptualization and Implementation" in Chapter 5; Chapters
6 through 11 provide discussions of particular external sources or sinks
and their representation in the model; and Chapters 12 and 13 discuss the
operation of particular solvers for the systeﬁs of finite difference equa-
tions generated in the model. Input instructions for each package are
provided in the relevant chapter; a discussion of input for utility modules
is provided in Chapter 14. The appeﬁdices provide a sample problem, abbrevi-
ated input instructions, and discussions of certain computer-related topics.
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CHAPTER 2
DERIVATION OF THE FINITE-DIFFERENCE EQUATION

Mathematical Model

The three-dimensional movement of ground water of constant density through

porous earth material may be described by the partial-differential equation

3 ah 3 ah 3 ah 3h
- K - + - - K - - + -, K - - w —1 S - - 1
Iy (K x), 3y ( yyay) az ( zzaz) Sat (1)
where
Kxxs Kyy and Kz are values of hydraulic conductivity along the x, y,

and z coordinate axes, which are assumed to be parailel to the
major axes of hydraulic conductivity (Lt=!);

h is the potentiometric head (L);

W is a volumetric flux per unit volume and represents sources and/or
sinks of water (t-1);

S. is the specific storage of the porous material (L=1); and

s
t is time (t).

For a derivation of equation (1) see for example Rushton and Redshaw (1979).

In general, Ss, Kxx, Kyy, and Kzz may be functions of space (Sg = Ss(x,y,z),

Kex = Kxx(X:¥52), etc.) and W may be é function of space and time (W =

W(x,y,z,t)); equation (1) describes ground-water flow under nonequilibrium

conditions in a heterogeneous and anisotropic medium, provided the principal

axes of hydraulic conductivity are aligned with the coordinate directions.

Equation (1), together with specification of flow and/or head conditions
at the boundaries of an aguifer system and specification of initial-head
conditions, constitutes a mathematical representation of a ground-water flow
sysfem. A solution of equation (1), in an analytical sense, is an algebraic

expression giving h(x,y,z,t) such that, when the derivatives of h with
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respect to space and time are substituted into egquation (1), the equation and
its initial and boundary conditions are satisfied. A time-varying head
distribution of this nature characterizes the flow system, in that it measures
both the energy of flow and the volume of water in storage, and can be used

to calculate directions and rates of movement.

Except for very simple systems, analytical solutions of equation (1) are
rarely possible, so various numerical methods must be employed to obtain
approximate solutions. One such approach is the finite-difference method,
wherain the continuous system described by equation (1) is replaced by a finite
set of discrete points in space and time, and the partial derivatives are
replaced by terms calculated from the differences in head values at these
points. The process leads to systems of simultaneous linear algebraic
difference equations; their solution yields values of head at specific
points and times. These values constitute an approximation to the time-varying
head distribution that would be given by an amalytical solution of the

partial-differential equation of flow.

The finite-difference analog of equation (1) may be derived by applying
the rules of difference calculus; however, in the discussion presented here,
an alternative approach is used with the aim of simplifying the mathematical
treatment and explaining thé computational procedure in terms of familiar

physical concepts regarding the flow system.

Discretization Convention

Figure 1 shows a spatial discretization of an aquifer system with a mesh
of blocks called cells, the locations of which are described in terms of

rows, columns, and layers. An i,j,k indexing system is used. For a system
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Figure 1.—A discretized hypothetical aquifer system.



consisting of "nrow" rows, "neol" columns, and “nlay" layers, i is the row
index, 1 = 1,2,. . . nrow; j is the column index, j = 1,2,. . . ncol; and k
is the layer index, k = 1,2,. « . niay. For example, figure 1 shows a
system with nrow = 5, ncol = 9, and nlay = 5. In formulating the equations
of the model, an assumption was made that layers would generally correspond
to horizontal geohydrb]ogic units or intervals. Thus in terms of Cartesian
coordinates, the k index denotes changes along the vertical, z; because the
convention followed in this model is to number layers from the top down, an
increment in the k index corresponds to a decrease in elevation. Similarly
rows would be considered parallel to the x axis, so that increments in the
row index, i, would correspond to decreases in y; and columns would be
considered parallel to the y axis, so that increments in the column index,
j, would correspond to increases in x. These conventions were followed

in constructing figure 1; however, appiications of the model requires only
that rows and columns fall along consistent orthogonal directions within
the layers, and does not require the designation of x, y, or 2 coordinate

axes.

Following the conventions used in figure 1, the width of cells in the
row direction, at a given column, j, is designated arj; the_width of cells
in the column direction at a given row, i, is designated Acj; and the thick-
ness of cells in a given layer, K, fs'designated Avg. Thus a cell with

coordinates {1,j,k) = (4,8,3) has a volume of ArgAcgpv3.
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Within each cell there is a point called a "node" at which head is
to be calculated., Figure 2 illustrates, in two dimensions, two conventions
for defining the configuration of cells with respect to the location of
nodes--the block-centered formulation and the point-centered formulation.
Both systems start by dividing the aquifer with two sets of parallel lines
which are orthogonal. In the block-centered formulation, the blocks formed
by the sets of parallel lines are the cells; the nodes are at the center
of the cells. In the point-centered formulation, the nodes are at the
intersection points of the sets of parallel Tines, and cells are drawn
around the nodes with faces halfway between nodes. In either case, spacing
of nodes should be chosen so that the hydraulic properties of the system
are, in fact, generally uniform over the extent of a cell. The finite-differ-
ence equation developed in the following section holds for either formulation;

however, only the block-centered formulation is presently used in the

mode].

In equation (1), the head, h, is a function of time as well as space so
that, in the finite-difference formulation, discretization of the continuous

time domain is also required. =

Finite-Difference Equation

Development of the ground-water f]ow equation in finite-difference form
follows from the application of the continuity equation: the sum of all flows
into and out of the cell must be equal to the rate of change in storage
within the cell. Under the assumption that the density of ground water is

constant, the continuity equation expressing the balance of flow for a cell is

Ah
Qi = SS==aV (2)
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where

Q; is a flow rate into the cell (L3t71);

SS has been introduced as the notation for specific storage in the
finite-difference formulation; its definition {s equivalent to
that of Sg in equation (1l}-~i.e., it is the volume of water which
can be injected per unit volume of aquifer materia} per unit change
in head (L=!};

AV is the volume of the cell (L3); and

Ah is the change in head over a time interval of length At.

The term on the right hand side is equivalent to the volume of water
taken into storage over a time interval at given a2 change in head of Ah.
Equation (2} is stated in terms of inflow and storage gain., OQutflow and Toss

are represented by defining outflow as negative inflow and loss as negative

gain,

Figure 3 depicts a cell 1,j,k and six adjacent aquifer cells i-1,j,k;
i+l,j,k; 1,j=-1,k; 1,j+1,k; i,j,k=1; and 1,j,k+1l. To simplify the following
development, flows are considered positive if'they are entering cell 1,j,k;
and the negative sign usually incorporated in Darcy's law has been dropped. from
all terms., Following these conventions, flow into cell'i,j,k in the row
direction from ceil 1,j-1,k (figure 4), is given by Darcy's law as

(hi,j-1,k = hi,j,k)

9i,j-1/2,k = KRj, j1/2,kBCiAVkmmmnommccncnnaasacn (3)
where

hi,j,k 1s the head at node i,j,k, and hi,j-1,k that at node i,j-1,k;

Qj,j-1/2,k 1s the volumetric fluid discharge through the face between

cells i,j,k and i,j=1,k (L3t=1}):
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KRi,j-1/2,k is the hydraulic conductivity along the row between nodes
1|j’k and ilsj"'lsk (Lt-l);
ACjAvy is the area of the cell faces normal to the row direction; and

arj.1/2 is the distance between nodes 1,j,k and i,3-1,k (L).

Although the discussion is phrased in terms of flow into the central
cell, it can be misleading to associate the subscript j-1/2 of equation (3)
with a specific point between the nodes. Rather, the term KR4 j-1/2,k of
equation (3) is the effective hydraulic conductivity for the entire region
between the nodes, normally calculated as a harmonic mean in the sense
described by, for example, Collins (1961). If this is done, equation (3)
gives the exact flow, for a one-dimensional steady-state case, through a
block of aquifer extending from node i,j=1,k to node i,j,k and having a

cross sectional area ACqAvk.

Similar expressions can be written approximating the flow into the cell
through the remaining five faces, i.e., for flow in the row direction through
the face between cells 1,j,k and i,j+l,k,

(hi,j+1,k - Mi,j,x)
Qi,j+1/2,k = KRi,§+1/2,k 86] AV -====mmommmmmmosos (4)

(hi+1,3,k - hy,j,k)

Qi+1/2,5,k = KCi+1/2,] k& jaVKmmommosmamoomonms (5)
/2434 /2,3,%%J Xi+1/2

and flow into the block through the rear face is

(hy-1,j,k = h1.,].k)
4i-1/2,5,k = Kci-1/2.j.k5rjAVk""':"T ---------- (6)



For the vertical direction, inflow through the bottom face is

(hi j,k+1 = h1,J k)

qi,j,k+1/2 = KVi,j, k+1/2 BT jBCj -mmmsmmmanoonssmaas (7)
AVk+1/2
while inflow through the upper face is given by
(hi,j,k=1 = Ni,j,k)
qi,j,k-172 = KVi j k-1/2TjaCi-mm===emsn=msas=ns . (8)

AVk-1/2

Each of equations (3)-(8) expresses inflow through a face of cell 1,j,k in terms
of heads, grid dimensions, and hydraulic conductivity. The notation can
be simplified by combining grid dimensions and hydraulic conductivity into

a single constant, the “hydraulic conductance" or, more simply, the "conduct -

ance." For example,
Ri,j-1/2,k = KRi,j-1/2,kACiAVK/AT 21/2 (9)
where

(Ri,j-1/2,k 1s the conductance in row i and lTayer k between nodes

i,j=1,k and i,j,k (L2t=}),

Conductance is thus the product of hydraulic conductivity and cross-sectional
area of flow divided by the length of the flow path (in this case, the

distance between the nodes.)
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Substituting conductance from equation (9) into equation (3) yields

ai,j-1/2,k = CRi,j-1/2,k(hi j-1,k ~ hi,j, ke (10}
Similarly, equations (4)-(8) can be rewritten to yield

ai,5+1/2,k = CRi,j+1/2,k(N,5+1,k = Bi,§,k) (11)

Qi-1/2,j,k = CCi-1/2,j,k{Ni-1,5,k - hi,j,k) (12)

Qi+1/2,5,k = CCi+1/2,5,k(Ni+1,4,k - hi,j,k) | (13)

Qi,5,k-1/2 = CVi,3,k-172(ni,3,k-1 = i, §,%) (14)

ai,j,k+1/2 = CVi,j,k+1/2(Ni,j,k+1 - hi,j, k) ' (15)

where the conductances are defined analogously to CR{,j-1/2,k in equation (9).

Equations (10)-(15) account for the flow into cell i,j,k from the six
adjacent cells. To account for flows into the cell from features or pro-
cesses external to the aquifer, such as streams, drains, areal recharge,
evapotranspiration or wells, additional terms are required. These flows
may be dependent on the head in the receiving cell but independent of all
other heads in the aquifer, or they may be entirely independent of head in
the receiving cell. Flow from cutside the aquifer may be represented by
the expression

ai,j,k,n = Pi,j,k,nMi,i,k * 9i,d,k,n (16)
where

35 j,k,n represents flow from the nth external source into cell i,j,K
(L3t"1), and Pi,i,k,n and qy j k,n 2re constants ((L2t~1)} and (L3t"1},

respectively).

For example, suppose a cell is receiving flow from two sources, recharge

from a well and seepage through a riverbed. For the first source (n=1}),
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since the flow from the well is assumed to be independent of head, pi j k,1

is zero and qj,j,k,1 is the recharge rate for the well, In this case,

3i,3,k,1 = GQi,j,k,1 (17)

For the second source (n=2), the assumption is made that the stream-
aquifer interconnection can be treated as a simple conductance, so that
the seepage is proportional to the head difference between the river stage

and the-head in cell 1i,j,k (figure 5); thus we have

a4,i,k,2 = RIVi 5 ,k,2(Ri,j,k = hi i,k (18)

where Ri j k is the head in the river (L) and RIVi j,k,2 s a conductance
(L12t-1) controlling flow from the river into cell i,j,k. For example, in

the situation shown schematically in figure 5, CRIV would be given as the
product of the vertical hydraulic conductivity of the riverbed material and the
area of the streambed as it crosses the cell, divided by the thickness of the

streambed material. Equation (18) can be rewritten as
aj,j,k,2 = = RIVy j,k,2M,5,k + RIVi 5.k, 2R, 5,k (19)

The negative conductance term, -CRIVj j k,2 corresponds to pi,j,k,2 of
equation 16, while the term (RIVj j k,2Ri,j,k corresponds to qj j k,2.
similarly, all other external sources or stresses can be represented by an
expression of the form of equation 16. In general, if there are N external
sources or stresses affecting a single cell, the combined flow is expressed

by

N
Pi,j,k,n Ni,j,k *I49i,3i,k,n- (20)
1 n=1

N
QSi,j,k = %2i,j,k,n 7
n=1

nez=

n

Defining Py ; k and Qi j k by the expressions
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N
Pi,j,k =*Pi,j,k,n and
n=1

n M=

Qisisk ?isj’ksn’

n

the general external flow term for cell 1i,j,k is

QSi,5,k = Pi,j,khi,g,k * Qi,5k- (21)
Applying the continuity equation (2) to cell i,j,k, taking into account the

flows from the six adjacent cells, as well as the external flow rate, QS,
yields
ai,j1/2,k * 9i,j+1/2,k * 9i-1/2,3,k * 9i+1/2,5,k
ahi,j,k
+4i,j,k-1/2 + 3i,j,k+1/2 * QSi,3,k = SSi,j,k---E---ArjAciavk (22)

where

------- is a finite-difference approximation for the derivative of head

-

with respect to time (Lt-1);

SS x represents the specific storage of cell 1,j,k (L7!); and

1,3,
arjaciavg s the volume of cell 1,j.k (L3).

Equations (10) through (15) and (21) may be substituted into equation (22) to

give the finite-difference approximation for cell i,j,k as

Ri,j-1/2,k(Ni,5-1,k = Pi,3,k) + Ri o172,k 541,k = hi,j,k)
¥ €Ci-1/2,5,k(Ni-1,5,k = Ni,5,k) + CCi+1/2,5,k(hi+1,j,k = Pi,5,k)
4 OVi,5,k-1/2(hi,5,k1 = Pi,j,k) * OVi,j,ke1/2(hq 5 k41 - hi,j,k)

+Pi,j,khi,j,k* Q,j,k = SSi,j’k(Arjacibvk)Ahi’j’k/At. (23)
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The finite-difference approximation for the time derivative of head,
k ] 3 » [}
------- must next be expressed in terms of specific heads and times. Figure

6 shows a hydrograph of head values at node f,j,k. Two values of time are
shown on the horizontal axis: tp, which is the time at which the flow terms
of equation {23) are evaluated; and tp.1, 2 time which precedes ty. The head
values at node i,j,k associated with these times are designated by superscript
as h?,j’k and hT:},k: respectively. An approximation to the time derivative
of head at time ty is obtained by dividing the head difference hT,j,k - h?:},k

by the time interval ty-ty.1; that is,

m m-1
Mindaky o Mgk T MK
at m tm - tm_l

Thus the hydrograph slope, or time derivative, is approximated using the
change in head at the node over a time interval which precedes, and ends with,
the time at which flow is evaluated. This is termed a backward-difference
approach, in that Ah/at is approximated over a time interval which extends
backward in time from tp, the time at which the flow terms are calculated.
There are other ways in which Ah/At could be approximated; for example,

we could approximate it over a time interval which begins at the time of

flow evaluation and extends to some later time; or over a time interval which
is centered at the time of flow evaluation, extending both forward and backward
from it. These alternatives, however, may cause numerical instability--that
is, the growth or propagation of error during the calculation of heads at

successive times in a simulation.
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In an unstable situation, errars which enter the calculation for any reasan
at a particular time will increase at each succeeding time as the calculation
prograsses, until finally they completely dominate the result. By contrast,
the backward-difference approach is always numerically stable--that is,
errors introduced at any time diminish progressively at succeeding times.

For this reason, the-backward-difference approach is preferred even though it
leads to large systems of equations which must be solved simultaneously for

each time at which heads are to be computed.

Equation (23) can be rewritten in backward-difference form by specifying
flow terms at tpy, the end of the time interval, and approximating the

time derivative of head over the interval tp_1 to tp; that is:

m m m m
CRi ,j-1/2,k(N1,§-1,k = Ni,3,k) * CRi,j+1/2,k(Ni,3+1,k = Ni,4,k)

m m m m
+CCi1/2,1,k(M9=1,5,k = Mi,3,k) * CCi+1/2,5,k(Mi+1, 5,k = Ni,j,k)
m m m m
+ OV ,5,k-172(N1,5,k-1 = Mi,3,k) + CVi 5, k+172(N4, 5, kel = hi,3,k)

m m-1
m (h1s.]pk - h.ihjik)
+PygkNiL,,k Y Qi,5,k T SSi’j’k(ArjA51Avk)----E;---E;-I—---. (24}

Equation (24) is a backward-difference equation which can be used as the
basis for a simulation of the partial differential equation of ground water
flow, equation (1). Like the term Q4 j, k> the coefficients of the various
head terms 1n equation (24) are all k&bwn, as is the head at the beginning
of the time step, hT:},k- The seven heads at time tp, the end of the time
step, are unknown; that is, they are part of the head distribution to be
predicted, Thus equation (24) cannot be solved independently, since it
represents a single equation in seven unknowns. However, an equation of
this type can be written for each active cell in the mesh; and, since there
is only one unknown head for each cell, we are left with a system of "n"

equations in "n" unknowns, Such a system can be solved simultaneously.
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The objective of transient simulation is generally to predict head
‘distributions at successive times, given the initial head distribution, the
boundary conditions, the hydraulic parameters and the external stresses.

The initial-head distribution provides a value of h;’j.k at each point in
the mesh---that is, it provides the values of head at the beginning of the
first of the discrete time steps into which the time axis is divided in the
finite-difference process. The first step in the solution process is to
calculate values of hf,j'k--that is, heads at time tp, which marks the end of
the first time step. In equation (25), therefore, the head superscript m

is taken as 2, while the superscript m-1, which appears in only one head

term, is taken as 1. The equation therefore becomes

CRi 1. h2 - h2 + CRj h2 - h?
1,4 1/2,k( i,j-1,k i,j,k) 1)J+1/2lk( ‘i,j-i-l’k 1.j,k)

+ CCi. . h2 - h2 + CC 1] h2 - h2
i I/Z,J,k( 1-1,j,k "l,j.lﬂ) 1+1/2ngk( 1+1"j’.k 1,3,’()

+CVy .3 k= h2 - h2 +CVy 4 h2 - h2
Bde1/208 5y 7 g /208 g

2
*PELELkNM LGkt 04,5,k , ,
(arjaciavi)(ni, g,k = Mi,j,k)
tz -t (25)

where again the superscripts 1 and 2 refer to the time at which the heads

are taken and should not be interpreted as exponents.
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An equation of this form is written for every cell in the mesh in
which head is free to vary with time (variable-head cells), and the system
bf equations is solved simultaneously for the heads at time tp. When these
have been obtained, the process is repeated to obtain heads at time tg3, the
end of the second time step. To do this, equation (25) is reapplied, now
using 2 as time subscript m-1 and 3 as time subscript m. Again, a system
of equations is formulated, where the unknowns are now the heads at time
t3; and this set of equations is solved simultaneously to obtain the head
distribution at time ts. This process is continued for as many time steps

as necessary to cover the time range of interest.

It is important to note that the set of finite-difference equations is
reformulated at each time step; that is,'at each step there is & new system
of simultaneous equations to be solved., The heads at the end of the‘time
step make up the unknowns for which this system must be solved; the heads at
the beginning of the step are among the known terms in the equations. The
solution process is repeated at each time step yielding a new array of heads

for the end of the step.
Iteration

The model described in this repoﬁt utilizes iterative methods to obtain
the solution to the system of finite-difference equations for each time step.
In these methods, the calculation of head values for the end of a given time
step is started by arbitrarily assigning a trial value, or estimate, for the
head at each node at the end of that step. A procedure of calculation is
then initiated which alters these estimated values, producing é new set of
head values which are in closer agreement with the system of equations.

These new, or interim, head values then take the place of the initially

assumed heads, and the procedure of calculation is repeated, producing
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a third set of head values. This procedure is repeated successively, at each
stage producing a new set of interim heads which more nearly satisfies the
system of equations. Each repetition of the calculation is termed an
“{teration." Ultimately, as the interim heads approach values which would
exactly satisfy the set of equations, the changes produced by succeeding
stages of calculation become very small. This behaviour i{s utilized in

determining when to stop iteration, as discussed in a subsequent paragraph.

Thus, during the calculations for a time step, arrays of interim head
values are éenerated in succession, each array containing one interim head
value for each active node in the mesh. In figure 7, these arrays are
represented as three-dimensional lattices, each identified by an array symbol,
B, bearing two superscripts. The first superscript indicates the time step
for which the heads in the array are calculated, while the second indicates
the number, or level, of the iteration which produced the head array. Thus
FMs2 represents the array of values computed fn the first 1teration for the
end of step m; ™2 would represent the array of values computed in the
second iteration; and so on., The head values which were initially assumed for
the end of time step m, to begin the process of iteration, appear in the
array designated hms0, In the example of figure 7, & total of n jterations is
required to achieve closure for the heads at the end of time step m; thus the
array of final head values for the time step is designated RN, Figure 7
also shows the array of final head values for the end of the preceding time
step MM-1.N (where again it is assumed that n iterations were required for
closure). The head values in this array appear in the storage term of
equation (24)--i.e., they are used in the term hT:},k on the right side of
equation (24)--1n the calculation of heads for time step m. Because they

represent heads for the preceding time step, for which computations have
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already been completed, they appear as predetermined constants in the equation
for time step m; thus they retain the same value in each iteration of the
time step. Similarly, the final values of head for time step m are used as

constants in the storage term during calculations for time step m+l.

1deally, one would like to specify that iteration stop when the
ca]cu1afed heads are suitably close to the exact solution. However, because
the actual solution is unknown, an indirect method of specifying when to
stop iterating must be used. The method most commonly employed is to
specify that the changes in computed heads occuring from one iteration
Jeve] to the next must be less than a certain quantity, termed the “cIosure
criterion" or "convergence criterion," which is specified by the user,
After each iteration, absolute values of computed head change in that
iteration are examined for all nodes in the mesh. The largest of these
absolute head change values is compared with the closure criterion. If
this largest value exceeds the closure criterion, iteration continues; if
it is less than the closure criterion, iteration is said to have “closed”
or "converged," and the process is terminated for that time step. Normally,
this method of determining when to stop iteration is adequate. Note that
the closure criterion refers to change in computed head, and that values of
head are not themselves necessarily calculated to a level of accuracy
comparable to the closure criterion. As a rule of thumb, it is wise to use
a value of closure criterion that is an order of magnitude smaller thaﬁ the

level of accuracy desired in the head results.

The program described herein also incorporates a maximum permissible
number of iterations per time step. If closure is not achfeved within this

maximum number of iterations, the iterative process will be terminated and a
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corresponding message printed in the output. The closure criterion is
designated HCLOSE in the model input, while the maximum number of fterations

per time step is designated MXITER.

The initial estimates of head for the end of time step m, in array hm,0
of figure 7, could be assigned arbitrarily, or they could be chosen according
to a number of different conventions. Theoretically, the iterative process
would eventually converge to the same result regardless of the choice of
initial head values, although the work required would be much greater for
some choices than for others. In the model described in this report, the
heads computed for the end of each time step are used as the initial trial
values of head for the end of the succeeding time step. Thus in figure 7,
the array Tm=1,n contains the final estimates of head, obtained after n
iterations, for the end of time step m~l. When the calculations for step m-l
are complete, these same values of head are transferred to the array Tm,0,
and used as the initial estimates, or trial values, for the heads at the end
of time step m. Head values for the end of the first time step in the
simulation are assumed initially to be equal to the heads specified by the

user for the beginning of the simulation.

Discussions of the mathematical basis of various iterative methods may
be found in many standard references, including Peaceman (1977), Crichlow
(1977) and Remson, Hornberger and Molz (1971). It is suggested that the
reader review one of these discussions, both to clarify general concepts
and to provide an introduction to such topics as the use of matrix notation,
the role of iteration parameters, and the influence of various factors on
rate of convergence. In particular, such a review is recommended prior to

reading Chapters 12 and 13 of this report.
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An iterative procedure yields only an approximation to the solution of
the system of finite-difference equations for each time step; the accuracy
of this approximation depends upon several factors, including the closure
criterion which is employed. However, it is important to note that even if
exact solutions to the set of finite-difference equations were obtained at
each step, these exact solutions would themselves be only an approximation
to the solution of the differential equation of flow (equation (1l})}. The
discrepancy between the head, hT,j,k: given by the solution to the system of
difference equations for a given node and time, and the head h(xi,yj.zk,tm)
which would be given by the formal solution of the differential equation
for the corresponding point and time, is termed the truncation error. In
general, this error tends to become greater as the mesh spacing and time-step
length are increased. Finally, it must be recognized that even if a formal
solution of the differential equation could be obtained, it would normally
be only an approximation to conditions in the field, in that hydraulic
conductivity and specific storage are seldom known with accuracy, and

uncertainties with regard to hydrologic boundaries are generally present,

Formulation of Equations for Solution

The model described in this report presently incorporates two diffeggnt
options for iterative solution of the set of finite-difference equations,‘
and is organized so that alternative schemes of solution may be added without
disruption of the program structure, Whatever scheme of solution is employed,
it is convenient to rearrange equation {24) so that all terms containing
heads at the end of the current time step are grouped on the left-hand side
of the equation, and all terms that are independent of head at the end of

the current time step are on the right-hand side, The resulting equation is
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m m m
CVi,j,k-172Mi,5,k-1 *+ CCi-172,5,kPi-1,5,k * CRy,j5-1/2,kN1,5-1,k
+ (-CV4,j,k-1/2 = CCi-1/2,5,k - CRi,j-1/2,k = CRi j+1/2,k
m m
- CCi+1/2,5,k = CVi,j,k+1/2 *+ HCOF{ 5 kIhi 4,k + CRy,j+1/2,kM,j+1 ,k

m . m
+ CCi+1/2,5,kNi+1,5,k * ;V1,j,k+1/2h1,j,k+1 = RHS{, 3§,k (26)
where
; -1
HCOF3 1,k = Pi,g.k = 5¢14,3,k/(tm = tne1)s (L2t°1)
m=-1 . 3p-1
RHSy 4k = = 04,3,k = SCL4,5,khi,5,k/ (tp = tpoy)s and (L3E70)
SCli,j,k = S5{,],kdrjbcid vk, (L2)

The entire system of equations of the form of (26), which includes one
equation for each variable-head cell in the mesh, may be written in matrix
form as |

[A] {h} = {a} (27)
where [A] is a matrix of the coefficients of heéd, from the left side of
equation (26), for all active nodes in the mesh; {h} 1s a vector of head values
at the end of time step m for all nodes in the mesh; and {q] is a vector of
the constant terms, RHS, for all nodes of the mesh. The model described in
this report assembles the vector {q} and the terms that comprise [A] through
a series of subroutines, or "modules". The vector {q} and the terms
comprising [A] are then transferred to modules which actually solve

the matrix equations for the vector {h} .
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Types of Model Cell and Simulation of Boundaries

In practice, it is generally unnecessary to formulate an equation of
the form of (24) for every cell in a model mesh, as the status of certain
cells is specified in advance in order to simulate the boundary conditions
of the problem. In the model described in this report, cells of this type
are grouped into two categories--"constant-head" cells and "inactive" (or
"no-flow") cells. Constant-head cells are those for which the head is
specified in advance, and is held at this specified value through all time
steps of ‘the simulation. Inactive or no-flow cells are those for which no
flow into or out of the cell is permitted, in any time step of the simula-
tion. The remaining cells of the mesh, termed "variable-head" cells in
this report, are characterized by heads which are unspecified and free to
vary with time. An equation of the form of (24) must be formulated for each
variable-head cell in the mesh, and the resulting system of equations must

be solved simultaneously for each time step in the simulation.

Constant-head and no flow cells are used in the model described herein
to represent conditions along various hydrologic boundaries. For example,
figure 8 shows the map of an aquifer boundary superimposed on an array of -
cells generated for the model. The aquifer is of irreguiar shape, whereas
the model array is always rectangular in outline; no-flow cells have there-
fore been used to delete the portion of the array beyond the aquifer boundary.
The figure also shows constant-head cells along one section of the boundary;
these may be used, for example, where the aquifer is in direct contact with
major surface water features. Other boundary conditions, such as areas of
constant inflow or areas where inflow varies with head, can be simulated
through the use of external source terms or through a combination of no-flow

cells and external source terms.
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Explanation

Aquifer Boundary
=-—— Model Impermeable Boundary

% Inactive Cell

s Constant-Head Cell

Variable-Head Caeli

Figure 8.—Discretized aquifer showing boundaries and cell
designations.
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Conceptual Aspects of Vertical Discretization

The model described in this document handles discretization of space
in the horizontal direction by reading the number of rows, the number of
columns and the width of each row and column {that is, the width of the
cells in the direction transverse to the row or column), Discretization of
space in the vertical direction is handled in the model by specifying the
number of Tayers to be used, and by specifying hydraulic parameters which
contain or embody the layer thickness. This approach is followed in preference
to explicit reading of layer thickness in order to accomodate two different

ways of viewing vertical discretization.

At one extreme, vertical discretization can be visualized simply as an
axtension of areal discretization--a more or less arbitrary process of
dividing the flow system into segments along the vertical, governed in part
by the vertical resolution desired in the results. At the opposite extreme,
vertical discretization can be viewed as an effort to represent individual
aquifers or permeable zones by individual 1ayers'of the model. Figure 9-a
shows a typical geohydrologic sequence which has been discretized according
to both interpretations--in 9-b according to the first viewpoint, and in 9-c
according to the second. The first vieﬁpoint Teads to rigid superposition
of an orthogonal three-dimensional mesh on the geohydrologic system; while
there may be a general correspondence between geohydrologic layers and
model layers, no attempt is made to make the mesh conform to stratigraphic
irrequlaties. Under the second viewpoint, model layer thickness is con-
sidered variable, to simulate the varying thickness of geohydrologic units;

this leads, in effect, to a deformed mesh,
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Figure 9.—Schemes of vertical discretization.

2-30



Each of these methods of viewing the vertical discretization process
has advantages, and each presents difficulties. The model equations are
based on the assumption that hydrau1ic properties are uniform within indivi-
dual cells, or at least that meaningful average or integrated parameters
can be specified for each cell; these conditions are more likely to be met
when model layers conform to gechydrologic units as in figure 9~c. More-
over, greater accuracy can be expected if model layers correspond te inter-
vals within which vertical head loss is negligible, and this is also more
likely under the configuration of 9-c. On the other hand, the deformed
mesh of 9-¢ fails to conform to many of the assumptions upon which the
model equations are based; for example, individual cells may no longer have
rectangular faces, and the major axes of hydraulic conductivity may not be
aligned with the model axis. Some error is always introduced by these

departures from assumed conditions.

In practice many vertical discretization schemes turn out to be a com-
bination of the viewpoints illustrated in figures 9<b and 9-c. For éxample.
evén where layer boundaries conform to gechydrologic contacts, it may be
necessary to use more than one layer to simulate a single geohydrologic
unit, simply to achieve the resolution required in the results. Figure 10
shows a system consisting of two sand units separated by a clay; the units
are of uniform thickness, and each could be represented by a single layer
without deformation of the mesh. However, flow is neither fully horizontal
nor fully vertical in any of the layers; if information on the direction of
flow within each unit is required, several layers must be used to represent
each unit., Similarly, figure 11 shows a sand-clay system in which pumpage
from the sands is sustained partially by vertical flow of water released
from storage in the clay. If the objective of analysis is to determine the

pattern of storage release in the clay, several model layers wod]d be
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Figure 10.—Possible pattern of flow in a cross section consisting
of two high conductivity units separated by a low

conductivity unit, ‘
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Layer

~DNEWN

Figure 11.—A cross section in which a low conductivity unit is
represented by six model layers.
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required to represent that unit, as shown in the figure. On the other
hand, figure 12 shows a sand-clay system in which storage release occurs
only in the sands, flow in the sand is essentially horizontal, and flow in
the clay is essentiaily vertical. In this case a single model layer may be
used to represent each sand, while the clay may be represented simply by
the vertical conductance between layers. This approach to vertical discre-

tization has sometimes been termed the “quasi three-dimensional" approach.

The approaches to vertical discretization described above all lead to
a set of equations of the form of (26), which must be solved simutaneously at
each time step. The differences among these approaches arise in the way
the various conductances and storage terms are formulated and, in generat,
in the number of equations to be solved, the resolution 6f the results, and
the accuracy of the results.* The model described in this document is
capable of implementing any of these approaches to vertical discretization
in that, as noted above, the thickness of individual layers (Avg of
figure 1 and equation (24)) is never read explicitly by the program; rather,
this thickness is embedded in various hydraulic coefficients specified by
the user. For example, in confined layers transmissivity, which is the
product of hydraulic conductivity and layer thickness, is specified; and
storage coefficient, the product of specific storage and layer thickness,
is also used. For an unconfined layer, aquifer bottom elevation and
hydrauiic condﬂctivity are input for each cell. Saturated thickness is
calculated as head minus bottom elevation, and transmissivity is then
calculated as hydraulic conductivity times saturated thickness. Thus,
layer thickness can vary from cell to cell depending on bottom elevation
and head., Chapter &, which describes the Block Centered Flow Pa;kage,
contains a discussion of the formulation of conductance and storage terms

corresponding to the various ways of conceptualizing the vertical discretization.
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Heads in This Layer Are Not Calculated. Resistance to Flow in This Layer Is Included Clay

in the Conductance Terms Between Layers 1 & 2.

La
yert. Sand

Figure 12.—A cross section in which a low conductivity unit is
represented by the conductance between mode!
layers.
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LOK -~ TINAL

1 V.3, GEOLOGICAL SURVEY MODULAR FINITE-DIFFRRENCE GROUND-WATER MODEL
OBONMOD] 1 layer, 35 rows, 35 columns, 0 well unconfined, impermeable bedrock TEST RUN
1 LAYERS 35 ROWS 35 COLUMNS
1 STRESS PERIOD{3) IN SIMULATION Q

MODEL TIME UNIT I8 SECONDS
; 0I/0 UNITS: = O . q m
| ELEMENT OF IUNIT: 1 2 3 4 S5 6 7 8 91011 12 13 14 15 16 17 18 19 20 21 22 23 4 .
I/OUNIT; 1112 0 O ©C 0 ©¢ 019 0 © 0 0 O O O © O 0 O 0 0 & © 4 L(
0BAS1 ~- BASIC MODEL PACKAGE, VERSIOH 1, $/1/87 INPUT READ FROM UNIT 1 - - + min
ARRAYH RHS AND BUFF WILL SBHARE MEMORY. N ()~/. ]0 "
START HEAD WILL BE SAVED
11099 ELEMENTS IN X ARRAY ARE VAED DY BAS

11099 ELEMENTS OF X ARRAY VUSED OUT OF 30000 L —- = e e % .
O0BCF1 -- BLOCK-CENTERED FLOW PACKAGE, VERSION 1, 9/1/87 INFUT READ FRCH UNIT 11 —-— % 4— 6
STEADY-STATE SIMULATION
LAYER AQUIFER TYPE

2451 ELEMENTS IN X ARRAY ARE USED BY BCF
13550 ELEMBNTS OF X ARRAY USED OUT OF 30000
OWEL1 ~~ MELL PACKAGE, VERSION 1, 9/i/87 INPUT READ FROM 12
MAXIMUM OF 1 WELLS
4 BLEMENTS IN X ARRAY ARE USED FOR NELLS
13554 PLEMENTS OF X ARRAY USED QUT OF 39000
0SIP1 -- STRONGLY IMPLICIT PROCEDURE SOLUTION PACKAGE, VERSION 1, 9/1/87 INPYT READ FROM UNIT 19
MAXIMUM OF 100 ITERATIONS ALLOWED POR CLOSURE
% ITERATION PARAMETERS
5305 ELEMENTS IN X ARRAY ARE USED BY SIP
18859 ELEMENTS OF X ARRAY USED OUT OF 30000 .
1BONMOD1 1 layer, 35 rows, 35 columns, 0 well uncenfined, ilmpermeable bedrock TEST RUN
0

BOUNDARY ARRAY FOR LAYER 1 WILL BE READ ON UNIT 1 UIING FORMAT: ({(35I2)

i 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 28 2% M
31 32 33 3 3%
o.......i...i...i...i...i...i...i...i...i...i..-i‘..i.--i---i...i...i...i...i...i...i.......i...i...i...i...,..,..................
1 1 1 1 1
o 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
03 i i i } i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 4 : : i i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0§ i } i i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o0 6 : i i i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1
[ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 8 i 1 i i i 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1
o 9 { 1 i i i 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
kh_’_ o 10 i i i i i 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1 1
011 i i } i i i 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 L1
012 i i } } } i1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 i1 1 1 1 1 1 1 1 1
013 i i i i : 11 1 1 1 1 1 1 1 1 1 ¥ 1 1 1 1 1 1 1 1 1 1 1 1 1
o 14 i % i % % 1 1 1 1 1 1 1 1 1 1 1 1 r 1 1 1 1 1 1 1 1 1 1 1 1
015 i i i % % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
016 i : } i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 17 % ; % i { 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 1le i i i % % 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ¥ 1 1
019 i i : : 1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
020 i i i : % i1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
021 i i i } i i1 1 1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3
0 22 i i 1 i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 11 1 1 1 1 1 1
0 23 i i } ; : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 24 i i i i : 1 1 1 1 1 1 1 1 1 1 r 1+ 1 1 1 1 1 1 1 1 1 1 1 1
Q25 1 1 i i —i -1 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 26 }. } % i -:.. -1 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 27 i i i i -i -1 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 28 i i i i —i - -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 29 i i i i }. 1 1 1 b 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
g 30 i i i i i 1 I 1 I 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
[/} § i 1 i i i 1 1 1 1 T 1 1 1 1 1 1 1 1 1 1 1 1 1 1 I § 11 1 -1
i 1 1 1 1
Q32 1 1 1 1 1 1 1 1 1 1 1 1 1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 =~1 -1 -1 -1 =1 1
0 33 i i i i —i -1 =1 =1 =1 =1 =1 -1 -1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 34 -: -i —i ~i i 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
1 1 1 1 1
0 35 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1



1 1 1 1 1
CAQUIFER HEAD WILL BE SET TO 99%.9%0
0

¢ 10

011

¢ 12

016

¢ 17

018

019

020

021

0 22

o 23

0 24

025

0 26

0 27

o 28

0 29

0 30

0 31

0 a2

INITIAL HEAD POR LAYER 1 WILL BE READ ON UNIT 1 USING FORMAT: {35F5.0)

4 5 6 7 8 ] 10 11 12 13 14 15

19 20 21 22 23 2 25 26 27 24 29 0

M s
8080.0 850.0 880.0 880.0 8RO.D aan.0  880.0 80.0 . 880.0 880.0 880.0
8080.0 080.0 #90.0 880.0 @80.0 6ag.0 880,0 880.0 68p.0 880,0 9BO.O 880.0
280.0 880.0
200.0 $80.0 880.0 080.0 880.0 880.0 080.0 880.0 880.0 680.0 €80.0 880.0
380.0 380.0 #80.0 200.0 Wwo. 0 M80.0 580.0 030.0 980.0 080.0 880.0 2%0.0
830.0 880.0
880.0 880.0 880.0 B880.0 980.0 680.0 880.0 980.0 880.0 880.0 8480.0 880.0
n:g.o ==g.g 680.0  &80.0 880.0 880.0 880.0 890.0 e3d.0 #80.0 880.0 460.0
880.0 .
880.0 80,0 880.0 880.0  &80.0 880.0 £60.0 880.0 980.0 860.0 880.0 980.0
80.0  990.0 980.0 440.0 $80.0 @80.0 900.0 880.0 080.0 a80.0 880.0 080.0
860.0 990.0
480.0 §80.0 880.0 #e0.0  880.0 a80.0 860.0 680.0 880.0 e80.0 880.0 880.0
880.0 8B8O.0 880.0 800.0 8s0.0 880.0 a80.0 680.0 880.0 850.0 &80.0 880.0
880.0  &80.0
880.0 880.0 8B80.0 080.0 080.0  880.0 880.0 080.0 880.0 B080.0 e80.0 280.0
880.0 880.0 880.0 880.0 480.0 880.0 800.0 880.0 880.0 9BO.0 480.0  880.0
840.0 880.0
980.0 860.0 880.0 880.0 080.0 880.0 880.0 800.0 880.0 960.0 e80.0 8680.0
88¢.0 880.0 880.0 680.0 880.0 880.0 880.0 8B0.0 880.0 880.0 B80.0 880.0
860.0 480.0
860.0 880.0  880.0 880.0 000.0 080.0 &80.0 880.0 680.0 880.0  880.0 880.0
680.0 a80.0 880.0 880.0 880.0 680.0 @880.0 &80.0 8ep.0 280.0 500.0 880.0
880.0 8ag. 0
880.0 880.0 880.0 880.0 880.0 8go.0 880.0 880.0 880.0 880.0 880.0 8B0.0
880.0 880.0 880.0 880.0 8BO0.0 880.0 880.0 880.0 880.0 880.0 8B0.0 880.0
860.0 880.0
880.0 880.0 880.0 &80.0 8BO.O 8s0.0 a80.0  8380.0 840.0 480.0 880,0 880.0
880.0 080.0  880.0 880.0 880.0 §80.0 9880.0 880.0 880.0 880.0 880.0 880.0
680.0 060.0
880.0 080.0 ©30.0 680.0  880.0 880.0 880.0 8080.0 880.0 880.0 8BO.O 880.0
8R0.0 250.0 880.0 880.0 860.0 880.0 880.0 880.0 880.0 880.0  &880.0 880.0
680.0 80.0
680.0 000.0 w80.0 88O.0 880.0 880.0 860.0 830.0 880.0 880.0  8BO.0O 8B0.0
B80.0 880.0 080.0  880.0 880.0 880.0 @80.0 880.0 080.0 e80.0 890.0 0B0.0
880.0 850. 0
880.0 080.0 @80.0 880.0 8B0.0 680.0 080.0 880.0 880.0 080.0 880.0 880.0
880.0 840.0 880.0 880.0 850.0 880.0 880.0 080.0 880.0 8680.0 8680.0 @60.0
880.0 880,0
880.0 660.0 060.0 e80.0 eed.0 880.0 8680.0 880.0 880.0 080.0 8680.0 890.0
880.0 860.0 880.0 880.0 880.0 880.0 880.0 e80.0  880.0 880.0 880.0 880.0
880.0 880.0
880.0 8080.0 e80.0 £880.0 880.0  860.0 880.0 8380.0 880.0 8ed.0 080.0 880.0
880.0 880.0 860.0 880.0 880.0 880.0 8BO.O 880.0 880.0 8080.0 860.0 wd0.0
880.0  880.0
8e0.0 880.0 BBO.O BBO.D 880.0 880.0 880.0 8BO.0 e80).0 880.0 080.0 280.0
800.0 880.0 &80.0 880.0 8080.0 0g0.0 880.0 BE0.0 880.0 880.0 880.0 0880.0
88o,0 850.0
880.0 880.0 880.0 880.0 8BC.0 €80.0 EEQ.0 980.0 880.0 880.0 B80.0 880.0
080.0 080.0 860.0 680.0  880.0 880.0 660.0 500.0 880.0 880.0 6680.0 880.0
8§0.0 880.0
880.0 €680.0 860.0 860.0 BB8O0.0O 2e80.0 280.0 880.0 680.0 680.0 890.0 8E8.0
880.0 880.0 680.0 880.0 B80.0 080.0 $80.0 880.0 &80.0 880.0 €80.0  BBO.0
880.0 BBO.0O
ee8g.0 680.0 8680.0 6680.0 000.0 880.0 880.0 880.0 8680.0 880.0 aae.0 8a0.0
::g.g :gg.g 880.0 880.0 8eo0.0 680.0 880.0 8e0.0 880.0 880.0 600.0 880,0
090.0 000.0 §80.0 860.0 880.0 080.0 880.0 880.0 860.0 880.0 880.0 880.0
880,0 880.0 80.0 880.0 880.0 880.0 880.0 880.0 880.0 e8oc.Q 880.0 860.0
880.0 880.0
680.0 880.0 680.0 080.0 8680.0 880.0 680.0 260.0 880.0 8680.0 8680.0 880.0
8e0,0 880.0 860.0 880.0 0680.0 880.0 880.0 680.0 880.0 8eo,0 880.0 880.0
880.0 060.0
880.0 8680.0 aB0.0 aB0.0  880.0 8680.0 860.0 B860.0 e80.0 880.0 880.0C 080.0
800.0 880.0 8eg.0 880.0 8BO,.O 880.0 860.¢  880.0 $60.0 880.0 880.0 680.0
880.0 680.0
880.0 880.0 880.0 880.0 880.0 LI ) eeg.0 880.0 L1-1-] 860.0 880.0 880.0
880.0 880.0 880.0 8e0.0 880.0  880.0 680.0 88¢.0  980.0 080.0 880.0 880.0
80,0 880.0
880.0  §80.0 80,0 880.,0 eeo,0 890.0 880.0 0880.0 6680.0 080.0 ee0.0 880.0
888.0 880.0 880.0 880.0 080.0 860.0 880.0  8680.0 880.0 880.0 ae0.0 880.0
880.0 8680.0
880.0 91C.0 510.0 910.0 880.0 880.0 880.0 880.0 880.0 080.0 880.0 860.0
8e0.0 0:0.0 680.0 880.0 880.0 880.0 860.0 680.0 880.0 880.0 880.0 880,0
880.0 880.0
980.0 §10.0 510.0 510.0 880.0 88d0.0 880.0 880.0 080.0 880.0 880.0 8BO.O
aag.g ::g.g 880.0 880.0 880.0 8680.0 880.0 a80.0 080.0 880.0 880.0  880.0
880. .
88d.0 910.0 910.0 910.0 880.0 880.0 8eon.o ge80.0 880.0 880.0 8eg0.0 880.0
880.0 080.0 e80.0 e8p.0 880.0 860.0 860.0 660.0 880.0 880.0 880.0 @80.0
880.0 880.0
880.0 $10.0 910.0 910.0 880.0 880.0 8680.0 880.0 8B0.0 BB80.0 880.0 8680.0
830.0 880.0 880.0 880.0 880,.0 880.0 880.0 €60.0  880.0 880.0 8680.0 880.0
880.0 880.0
§80.0 880.0 880.0 620.0 680.0  880.0 B808.0 660.0 880.0 &80.0 880.0 €80.0
880,0 880.0 880.0 880.0 880.0 880,0 880.0 880,0 880.0 860.0 660.0 880.0
880.0 880.0
880.0 880.0 800.0 860.0 880.0 880.0 880.0 680.0 880.0 880.0 8680.0 880,00
830,0 880.0 e80.0 08680.0 80,0 880,0 880.0 868,00 380.0 880.0 0080.0 8680.0
€80.0 880.0
680.0 880.0 8860.0 880.0 0e0.0 880.0 880.0 6080.0 850.0 680.0 880.0 €g0.0
880.0 880.0 800.0 080.0 080.0 480.0 880.0 880.0 880.0 080.0 0080.0 504.0
ead.0 $80.0
880.0 080.0 880.0 §80.0 880.0 880.0 880.0 660.0 880.0 880.0 902.0 902.0
902.0 902.0 902.0 $02.0 902.0 902.0 902.0 $02.0 902.0 02,0 902.0 880.0
860.0 e80.0

1
16
31

2
17
az

€80.0

3
18
Kkl

agd.o0

AT ALL RO-FLOW NODES (IBOUND=0).




033 880.0 900.0 880.0 880.0 9201.¢  901.0 901.0 202.0 902.0 902,04 902.0 902.0 902,0 280.0
e00.0 8680.0 080.0 geo.0 880.0 880.0 880.0 880.0 88O.0 680.0 880.0 880.0 a80.0 880,0
480.0 860.90 LI 0ep.0 880.0
[ 1 | S00.0 S01.0 901.0 901.0 880.0  @80.0 880.0 880.0 880.0 880.0 980.0 080.0 080.0 880.0
§80.0 880.0 900.0 RRO.0  880.0 #80.0 480.0 e60.0 880.0 BO0.0 G00.0 MB80.0 080.0 e80.0
880.0 #80.0 8680.0 880.0 90,0
0 35 80,0 880,0 880.0 880.0 290.0 880.0 480.0 a8g.o 80,0 880.0 e8p0.o0 880.0 800.0 080.0
8680.0 980.0 880.0 880.0 880.0 280.0 980.9 880,0 880.0 880.0 880.0 880.0 880.0 880.0
9080.0 980.0 #80.0 180.0 280.0 ’
ODEFAULT OUTPUT CONTROL -- THE FOLLOWING OQUTPUT COMES AT THE END OF EACH 3TRESS PERIOD:
TOTAL VOLUMETRIC BVDGET
HEAD
DRAWDOWN
a COLUMN TO ROW ANISOTROPY =~ 1.000000
0
DELR WILL BZ READ ON UNIT 11 USING FORMAT: {35F6.3)
60.000 60.000 60.000 60.000 €0.000 60.000 30,000 10.000 10.000
5.0000 5.0000 5.0000 3.0000 2.0000 2.0000 2.0000 2.0000 2.0000
2.0000 3.0000 55,0000 5.0000 5.0000 5.0000 ilec.000 10.000 30.000
60,000 60.000 60.000 €0.000 €0.000
0
DELC WILL BE READ ON UNIT 11 USING FORMAT: {35F6.3)
60.000 60.000 60.000 €0.000 60.000 €0.000 30,000 10.000 10.000
5.0000 5.0000 5.0000 3.0000 2.0000 2.0000 2.0000 2.0000 2.0000
2.0000 3.0000 $,0000 5.0000 5.0000 5.0000 10.000 10.000 30,000
60.000 60.000 60.000 60.000 60,000
0 HYD., COND. ALONG ROWS = 0.1100000E-04 FOR LAYBR 1
1] BOTTOM =  865.0000 FOR LAYER 1
0
SOLUTION BY THE STRONGLY IMPLICIT PROCEDURE
0 HAXIMUM ITERATICNS ALLOWED FOR CLOJURE = 100
ACCELERATION PARAMETER = 1.0000
HEAD CHANGE CRITERION FOR CLOSURE = 0.10000E-02
SIP HEAD CHANGE PRINTOUT INTERVAL =~ 1
5 ITERATION PARAMETERS CALCULATED FROM SPECIFIED WSEED = 0.00100000 :
0,.0000000E+00 0.8221720E+00 0.96BIT72E+00 0.9943766E+00 0.9930000E+00
1 STRESS FERIOD NO. 1, LENGTH = 1728000,
HUMBER OF TIME STEPS = 20
KWULTIPLIER FOR DELT = 1.000
INITIAL TIME STEF SIZE = 86400.00
L] 1 WELLS
LAYER ROW COL STRESS RATE WELL NO.
1 18 18 ~0.20000E~D2 1

42 ITERATIONS FOR TIME STEP

OMAXIMUM HEAD CHANGE FOR EACH ITERATION:

1 IN STRESY PERIOD

1

880.0
880.0

880.0
980.0

880.0
880.0

5.0000
2.0000
60,000

5.0000
.0000
60.000

0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL
27.82 { 1, 24, S) 11.76 ( 1, 31, 4 12.95 ( 1, 22, 9) 14.69 t 1, 2, 1) 15.97 {1, 7,10
5.095 {1, 9 7 4.364 { 1, 11, 8  3.915 { &, 23, 11) 11.15 { 1, 18, 10} 5,530 { 1, 12, 19
1.017 { 1, 6, 8) -0.7402 { 1, 19, 11) -1.867 { L, 21, 11) =1.031 { 1, 26, 11) -2.60t (1, 11, 13)

0.5664 { 1, 7, B) 0.4897 { 1, '8, 10) 0.330% { 1, 10, 15) 0.9696 ( 1, 12, 15) 0.781% {1, 22, 14)
~0.1610 { 1, 29, 8) -0.7496E-01 ( 1, 28, 10) —0.1086 { 1, 15, 200 -0.1906 { 1, 18, 18) =0.3023 { 1, 13, 10)
0.5571E-01 ( i, @, 7% 0.44458-01 { 1, 10, &) O0.3165E~-01 { 1, 18, t1) 0.1150 ¢ 1, 16, 11) 0.90828-01 { 1, 14, 22)
-0.1319E-01 { 1, 29, &) -0.7303e-02 ( 1, 28, 10) -0.12938-01 { 1, 21, 13) -0.17678-01 { 1, 22, 14) —0.2963B-01 { 1, 10, 12}
0,5951E~02 { 1, 7, 7) 0.4331E-02 { 1, B, 5) 0.3a6T8-02 { 1, 10, 9 0.10258-01 { 1, 13, 14) 0.9303E-02 {( 1, 18, 18}
~0,17468=02 { 1, 29, @) =0.8953E-03 ( 1, 28, 10}
0
1 ITERATIONS FOR TIME STEP 2 IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATIOM:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL
-0.2699E~03 { 1, 29, 13)
1 ITERATIONS FOR TIME STEP 3 IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROMW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,RAOW, COL
-0,1543B-03 ( 1, 28, 12)
0
1 ITERATIONS FOR TIME STEP 4 IN STRESS PERIOD 1
DMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW, COL
-0,11378-03 ( 1, 2T, 12}
1 ITERATIONS POR TIME STEP 5 IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HERD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL
~0.1004E-03 ( 1, 18, 18)
0
1 ITERATIONS FOR TIME STEP 6 IN STRESS PERICD 1
OMAXIMUM MEAD CHANGE FOR BACH ITERATION:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROMW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL

=0.9539E-04

1 ITERATIONS FOR TIME STEP

{

1, 18,

18)

OMAXIMUM HEAD CHANGE FOR BACH ITERATION:

7 IN STRESS PERIGD 1



0 HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROMW,COL HEAD CHANGE LAYER, ROW, COL

=0.9056E-04 { 1, 18, 18)
[}

1 ITERATIONS FOR TIME STEP 8 IN 9TRESS PERIOD 1

i OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CMANGE LAYER,RON,CCOL HEAD CHANGE LAYER, ROW, COL HEAD GHANGE LAYER,ROW,COL MEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL

~0.868%E-04 { 1, 18, 18)
0

1 ITERATIONS FOR TIME STEP $ IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW,COl HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROMW, COL

0 ~0.82188~04 { 1, 19, 10}

1 ITERATIONS FOR TIME STEF 10 IN ATREAS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANQE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW, COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER, ROW, COL

~0.7916E~-04 { 1, 18, 18)

1 ITERATIONS FQR TIME STEP 11 IN STRESS PERIOD 1
OMAXIHUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW, COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW, COL

=0, T443E~04 { 1, 18, 18)
0

1 ITERATIONS FOR TIME STEF 12 IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW, COL HEAD CHANGE LAYER, ROW, COL

0 -0.718%8-04 ( 1, 18, 18)

1 ITERATIONS FOR TIME STEP 1) IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER, ROW, COL HEAD CHANGE LAYER,RON,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW,COL

-0.6820B-04 ( 1, 18, 18)
0

1 ITERATIONS FOR TIME STEF 14 IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR BACH ITERATION
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE MYER ROW, COL HEAD CHANGE LAYER. ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL

~0.6360E-04 ( 1, 18, 18)
o

1 ITERATIONS FOR TIME STEP 15 IN STRESES PERIOD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,RONW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGP LAYER,ROW,COL

-0.6267E-04 ( 1, 18, 16}
]

1 ITERATIONS FOR TIME STEPF 16 IN STRESS PERIOD 1
OMAXIMUNM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HMEAD CHANGE LAYER,ROW,COL

! ~0.609CE-04 ( 1, 18, 18)
]

1 ITERATIONS FOR TIME STEP 17 IN STRRSS PERIOD 1
OMAXIMUM HEAD CHANGE FCR EACH ITERATION:
0 HEAD CHANGE LAYER,RCW,COL HEAD CHANGE LAYER.ROW.,COL HEAD CHANGE LAYER,RON,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,RON,COL
=0.5788E-04 ( 1, 13, 18)
1 ITERATIONS FOR TIME STEF 18 IN STRESS PERIOD 1
OMAXIMUM HEAD CHANGE FOR BACH ITERATION:
0 HEAD CHANGE LAYER, ROW,COL HBAD CHANGE LAYER,ROW, COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW, COL
-0.5476E-04 ( I, 19, 18}
1 ITERATIONS FOR TIME STEP 19 IN STRESS PERIOD 1
OMAXTIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER,ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROM,COL
o -0,5375E-04 ¢ 1. 16, 19)
I ITERATIONS FOR TIME STEP 20 IN STRESS PERICD 1
OMAXIMUM HEAD CHANGE FOR EACH ITERATION:
0 HEAD CHANGE LAYER,ROMW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER, ROW,COL HEAD CHANGE LAYER,ROW,COL HRAD CHANGE LAYER,RCW,COL
0 ~0.5161E~04 { 1, 18, 18)
1 HEAD IN LAYER 1 AT END CF TIME STEPF 20 IN STRESS PERICD 1
1 2 3 ] 5 6 7 B 9 10
11 12 13 14 13 16 17 18 19 20
21 22 23 24 25 26 27 28 29 30
n 32 33 M 35
N R R R R N T T T LT T T T T T T T
0 1 (506.9/ 906. % 906. 9 906.9 906.8 906.7 906.7 906.6 906.6 .
. 906,46 06,5 906,5 906,35 906.5 906.5 906.5 906.5 906.5
906.5 906.5 906.5 906.5 10675, 906.3% 906.4 906.4 906.4 906.3
906.1 906.0 905.9 905.9 905.48
0 2 907.0 907.0 906.9 906.9 908, 806.8 906.7 $06.6 906.6 806.6
906.6 906.6 906.6 906.5 906.5 906.5 906.5 906.5 906.5 506.5
906.5 906.5 906.5 906.5 906.5 906.5 9506.4 506.4 906.4 906.2
906,1 906,0 90%.9 905.8 S05.8
0 3 907.0 807.0 $07.0 907.0 906.% 506.8 906.7 906.7 906.6 906.6
906.6 906.6 906.6 906.6 906.6 906.6 906.6 906.5 806.5%5 906.5
906.5 906.3 906,5 906.5 906.3 906. 5% 06,4 906.4 906.3 906.2
906.1 905,9 905.8 505.8 90%.7
o 4 907.0 907.0 907.0 $07.1 907.1 907.0 506.8 906,7 906.7 906.7
906.7 906.6 $06.6 506.6 906.6 906.6 906.6 906.6 906.6 906.6
506.6 906.5 906.3 906.5 906.5 906.5 906.4 906.4 906.3 906.2
906.0 905.8 905.7 905.7 SNSTE
o 5 $06.9 907.0 907.1 907.2 907.3 907.2 907.0 906.9 906.8 906.8
2 906.7 906.7 906.7 906.7 . 906.6 906.6 806.6 906.6 906.6



10

11

12

13

14

15

16

17

19

21

22

23

24

25

26

27

28

29

0

31

3z

905.5




903,80 904,0 904.0 904.1
$01.9 902.0 S01.8 901.0 901.0 901.0
302,0 902.0 902.0 902.0 902.0 902.0
902.1 902.1 902.1 902.2 902,2 902.2
903.5 903.7 903.9 903.9
901.0 901.0 901,0 901.1 901.3 901.5
901.9 901.9 902.0 902.0 902.0 902.0
902,1 902.1 902.1 902.2 902,2 902.2
03,4 903.6 903.7 503.8
900.8 900.9 901.0 901.2 901.4 901,6
501.9 901.9 902.0 902.0 902.0 902.0
902.1 902.1 902.1 9022 902.2 $02,2
903.1 903.8 903.7 03.7"

DRAWDONH IN LAYER 1 AT BND OF TIME 0 IN STRESS PERIOD 1

~26.77

~26.22
=-26.81

2 6 7
12 16 17
22 26 27
a2z
-26.94 ~26.75 =26.66
-26.56 -26.53 -26.52
-26.50 =26.45 -26.43
=-26.01
-26.95 -26.78 -26.68
-26.57 =26, 54 -26.53
-26.51 -26.46 -26.44
-25.99
-26.97 -26.84 -26.73
-26,60 -26.56 -26.55
-26.52 -26.46 -26.44
-25.93
-26.,98 -26.96 -26.82
-26.64 ~26.59 -26.58
-26,54 =26.47 -26.44
-25.85
=-26.50 -27.16 -26.96
-26.71 =-26.63 =-26.62
-26.57 -26.46 ~26.43
-25.713
~26.93 -27.51 -27.20
=-26.78 ~26.66 -26.64
=-26.5% ~26.41 -26.35
-25.56
-2§,.82 ~28.02 -27.51
~26.78 ~26,58 -26,56
-26.42 =-26.23 -26.17
-25.40
-26.7% -28.35 -27.7%
~26.72 =26.45 ~26.42
-26.26 -26.07 =26.02
=-25.32
~26.70 -2&.53 -27.91
-26.67 =26,35 =26.31
-26.14 -25.97 -25.93
=-25,28
—~26.66 =-28.68 ~28.08
-26.60 ~26.22 -26.18
~26.01 -25.39 -25.86
=-25.25
=26.64 -26.79 ~28.15
-26,56 =26.11 -26,06
~25.90 -25.92 =25.81
=-25.22
~26.61 -28.90 ~28.26
~26.50 -25.97 -25.91
-25.76 -25.76 -25.76
-25.20
-26.58 -29.02 -28.39
=26.44 -25.717 -25.70
-25.59 25,70 -25.72
-25.18
-26.55 -29.12 -28.51
~26,40 -25.54 -25.44
-25.43 -25.67 -25.69%
=25,16
-26.54 =29.19 -28.59
-26,39 -25.36 -25.21
-25.23 -25.65 -25.67
-25.15
-26,52 -29.24 ~=28,65
-26.28 -25.20 -24,.97
-25.25 ~25.62 -25.66
-25.14
-26,51 -29.29 -28.72
~26.28 -25.03 -24.66
~25,20 -25.62 -25,65
-25.13
-26,50 -29.35 ~28.80
-26.38 —24,93 -24,35
-25.18 =25,61 ~25.65
-25,12
-26.48 -29.40 -29.99
-26.40 -25.04 ~24,67
-25.20 -25.61 -25.64
-25.11
-26.47 -29.46 -28.96
~26.42 -25.21 -24.98
-25.25 ~25.61 —25.64
=-25.10
-26.45 -29.52 -29.05
-26.45% -25.38 -25.23
-25.32 -25.61 -25.63
-25.09
~-26.43 -29.59 ~29.16
-26.50 -26.16 -25.88 -25.70 -25,57 -25.46

902.0

902.0
902.1
902.3

901.7
902.0
902.3

901.7
902.0
$02.3

-26.41

~26.64
-26,53
-26.41

-26.68
-26.55
-26.41

-26.75
-26,58
~26.40

-26.86
-26.61
~26.37

-27.03
-26.63
-26.29

-27.22
-26.53
-26.10

-27.3%
-26.38
-25.96

-27.42
-26.27
-25.89

. =~27.49

-26.13
=-25.83

-27.54
-26.02
-25.79

-27.61
-25.86
-25.75

-27.68
-25.64
-25.71

-27. M4
-25.37
=25.69

-27.79
-25.11
—-25.68

-27.82
—24.82
-25.66

-27.86
-24.30
-25.66

-27.91
-23.13
-25.65

«27.95
-24.30
-25,64

~27,99
-24.82
-25.63

~28.04
-25%.12
-25.63

-28.09
-25.38

903.0

902.9
902.1
902.8

S01.8
902.0
902.7

901.%
$02.1
302.7

-26,25

~26.60
-26.52
-26.24

-26,63
~26.82
~26.22

-26,68
=-26.56
-26.17

-26.76
-26,59%
-26,08

~26,87
=26.59%
=25.93

-26.94
-26,48
-25.7%

-26.94
-26.32
-25.66

~26.94
~26.20
-25.61

-26.93
-26,07
-25.57

=26.93
-25.95%
~25.5%

-26.93
~25.80
~25.52

-26.92
~25.59
-25,50

-26.94
-25,35
-25.47

~26.95
-25.17
=25.46

-26,97
~25.00
=25.45

-26.98
~24.82
~25.44

-27.00
-24.72
=25.43

-27.02
-24.83
~25.42

~27.04
-25.00
-25.41

-27,07
-25.17
-25.40

~27.11
-25.35%
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caoo

TOTAL SIMULATICH TIME
1

23

24

25

27

28

31

a2

33

k11

kL]

-25.38 «25.42 =25.49 -25.35 -25.59 -25.62 -25.63 -25.62 -25.56 -25.38
-25,20 -25.08 =-25.01 ~24.97 ~24.95
-26.18 ~26.40 -26.%0 =27.83 -23.65 -29.70 -29.36 -28.1% -27.60 -27.16
-26,87 =-26,58 -26.20 =26.04 -25.91 -25.81 -25.73 ~-25.66 -25,62 -25.59
-25.38 -25.57 -25.59 -25.61 -25.62 -25.63 ~25%.63 -25.61 -25.5% ~23.36
-25.18 -25.06 -24,99 -24.95 -24.94
-26.14 -26.36 -26.86 -27.682 ~25.82 -29.85 ~29.66 -28.30 =27.68 -27.24
~26.95 -26.68 ~26,41 ~26.21 =26.10 -26.02 —25,94 =25.00 -17.82 ~25.79
=-25.76 -25.73 -25.70 -25.68 -25.67 «25.66 —25.64 -25.61 -25.52 -25.33
-25.1% -25.04 -24.97 -24.93 -24.92 .
=-26,10 -26,32 -26.62 =-27.80 0.0000E+00 0.0000B+00 O0.0D0CE+00 -28.40 ~-27.,74 -27.30
-27.03 =26.76 -26.52 -26.34 =26.24 -26.16 -26.10 ~-26.03 -25.98 ~25.93
-25.89 -25.85 -25.80 -25,75 -25.72 =-25.69 =-25.65% -25.60 -25,50 -25.30
-25.12 -25.01 =-24.9% ~24.91 -24.90
=26.05 -26,27 -26.178 =27.717 0.0000E+00 0.0000E+00 0,0000B+400 -28.45 -27.78 -27.3%
~27.0¢ -26.8) -26,60 ~26.43 ~26.34 -26, -26. -26.14 ~26.08 -26,03
-25.99 =-25.94 -23.%7 -25.81 -25.76 -25.7 -25.66 -25,60 -25.49 -25,27
-25.09 ~24.99 -24.93 -24,0% -24.00
-2%.98 -26.20 -26.71 -27.11 0.0000E+00 0.0000E400 0.0000B+00 -20.47 ~27.81 ~27.39
-27.13 -26.90 -26.6% -26.53 -2€6.44 -26.37 ~26,31 =-26.25 ~26.19 =-26.14
-26.09 ~26,03 -25.95 -25,87 -25.80 -25.74 -25,67 -25.58 =25.45 =-25.23
=25.03 -24.95 =24.89 ~24.086 -24.85
=-25.88 ~26.10 -26.61 -27.59 0,0000E+D0 0.D000BE4+00 O.000QE+00 -28.38 «27.74 =27.35
-27.12 -26,90 -26.70 =-26.56 -26.47 =26, -26.35 -26.29 -26,24 =-26.18
-26.14 ~26.08 -25.99 -25.90 -25.82 -25.75 —25,66 -25.56 -25.40 -25.16
~24.99 -24.90 -24.%4 -24.92 -24.91
~25.66 -17.88 -26.37 ~27.27 -268.91 -29.02 -28,56 -27.76 =217.36 ~19.08
-26.5%0 =26.74 -26.58 -26,46 =-26.39 -26.34 ~26,28 -26.23 -26.18 ~-26.14
=26.09 -26.03 -25.95 ~25.85 -25.77 ~25,6% -25.58 ~25.47 -25.28 -25.03
-24.87 =24.79 -24.7% -24.73 ~24.73
-25,008 -25.27 =-25.66 -26.25 ~26.96 -27.00 =-26,56 -26.23 =-26.06 -25.94
~25.85% -25.77 -25.6% -25.62 -2%.58 -25.58 -25.52 =25.49 =25.46 =25.44
-25.41 =-25.37 -25.32 -25.26 ~25.20 -25.14 -25.06 -24.98 -24.83 ~-24,.65
-24.55 -24.53 =-24.53 -24.54 -24.54
-24.11 -24.24 —24.47 =-24.72 ~24,91 -24.94 ~24.55 -24.38 -24.29 -24.22
-24.18 -24.1) -24.0% -24.05 ~24.03 -24.02 -24.00 ~-23.99 -23.98 -23.3%6
~23,95 -23.93 -23.91 -23,088 -23.86 =-23.84 =-23.81 -23.79 =-23.78 0.,0000E+00
-24.06 -24.16 ~24.23 =-24.28 -24.30
=22,97 ~23.10 -23.20 ~23.21 -23.03 -22,90 -22,70 -22.57 -22.47 -22.37
-22.,2% =-22.20 -22.09 0.0000E+00 0.0000B+00 0.0000E+00 O0.0000E+00 ©.0000E+00 O,0000E+00 O.0000E+00
0,0000E+00 D.0000R+00 0.00008+00 0.0000E400 0.0000B400 O0.Q0CQE+d0 O.0000BE+00 0.0000E+00 O0.0000E+00 -23.01
-23. -23.080 =23.55 -24.04 -24.08
-21.66 -21.95% ~22.00 ~21.81 0.0000B+00 Q,.0Q00E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
0.0000E400 0©.0000B+00 0.00Q0E+00 -22.02 =-22.03 ~22.03 -22.04 -22.05 -22.06 -22.07
-22,08 -22.09 ~22.11 -22.13 -22.15% -22.1% -22.,22 -22.27 -22.40 -22.82
-23.25 -23.55% «23.74 ~23.85 -23.91
0,0000E+00 0.0000E+00 0.0000E+00 0.0000B+00 -21.12 -21.28 -251.,53 -21.70 -21.78 =21.84
~21.87 -21.91 -21.94 -21.37 ~21.98 -22.00 -22.01 -22.02 -22.04 -22.0%
-22.06 -22.08 =-22.10 -22.13 -22.17 -22.20 ~22.25 -22.31 -22.44 -22.178
~23.11 =23.40 -23.59 -23.72 -23.78
-20,39 -20.748 -20.94 -21.04 -21.18% -21.39 ~21.63 -21.75 -21.81 ~21.086
~21.89 -21,92 =21.95 -21.97 -21.99 -22.00 -22.02 ~22.03 -22.04 -22.05
=-22.07 -22.08 -22.11 -22.14 -22.17 ~22.,20 ~22.25 -22.31 -22.44 -22.71
-23.08 -23.32 -23.52 ~-23.65 -23.72
VOLUMETRIC BUDGET FOR ENTIRE MODEL AT END OF TIME STEF 20 IN STRESS PRRIOD 1
CUMULATIVE VOLUMES L**} RATES FOR THIS TIME STEP Laxy /T
IN: IN:
STORAGE = 0.00000B+00 STORAGE = 0.00000E+00
CONSTANT HEAD = 16 . CONSTANT HEAD = 0.94487E~02
WELLS = 0.00000B+00 WELLS - 0.00000E+00
TOTAL IN = 16327. TOTAL IH =~ 0.54487E~-02
OuT: ouT:
STORARGE =  0.00000E+00 STORAGE =  0,000C0B+00
CONSTANT HEAD = 12 . CONSTANT HEAD = 0.74510E~02
WELLS = 3M56.0 WELLS = 0.20000E-02
TOTAL OUT = 16331, TOTAL OUT = 0.54510E-02
IN - OUT = =-3.4746 IN - QUT = -0.23766E-05
PERCENT DISCREPANCY = -0.03 PERCENT DISCREPANCY = ~0,03
TIME SUMMARY AT END OF TIME STEP 20 IN STRESS PERIOD 1
SECONDS MINUTES HOURS DAYS YERRS
TIME STEF LENGTH B6400.0 1440.00 24,0000 1.00000 0.2737458-02
STRESS PERIOD TIME 0.172800B+07 26800.0 480.000 20.0000 0,.547570E-01
0.172800E407 28800.0 480.000 20.0000 0.547570E-01



LS50 - FINAL
No well

1 V.8, GEQLOGICAL SURVEY MODULAR FINITE-DIFFERENCE OROUND-WATER MODEL
OBONMODL 1 layer, 35 rows, 35 oolumna, 0 well unconfined, impermeables badrook TEST RUN
1 LAYZR3 35 ROWS 35 COLUMNS

1 STRESS PERIOD{3) IN BIMULATION
MODEL TIME UNIT IS SECONDS
0I1/0 UN1TS:

ELEMENT OF IUNIT: 1 2 3

'|567'9101112131(15161713192021222321
IfOUNIT1 11 ¢ O 0 © 0 C O
RIION 1, 9

9 0 0 0 0 0 0 0 o

0BAS]1 -~ BASIC MODEL PACKAGE, VEI /1787 IH'PU'.I' M FRQ! UHIT 1
ARRAYS RHS AND BUFF WILL SHARE
START HEAD WILL BE SAVED

11099 ELEMENTS IN X ARRAY ARE USED BY BAS

11099 ELEMENTS OF X ARRAY USED QUT OF 30000
OBCF1 -- BLOCK-CENTERED FLOW PACRAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 11
STEADY-STATE SIMULATION

LAYER AQUIFER TYPE

1
2451 ELEMENTS IN X ARRAY ARE USED BY BCF
13550 ELEMENTS OF X ARRAY USED QUT OF 30000
0SIPl -- STRONGLY IMPLICIT PROCEDURE SQLUTION PACKAGE, VERSION 1, 9/1/87 INPUT READ FROM UNIT 1%
HMAXIMUM OF 100 ITERATIONS ALLOWED FOR CLOSURE
5 ITERATION PARAMETERS
3305 BELEMENTS IN X ARRAY ARE U3SED BY SIF
18955 PLEMENTS OF X ARRAY USED OUT OF 30000

;BONMDDI 1 layer, 35 rows, 353 columnsg, 0 well uncenfined, impermeabie bedrock TEST RUN
BOUNDARY ARAAY FOR LAYER 1 WILL BE READ ON UNIT 1 USING FORMAT: {3512}
1 2 3 4 ] 6 7 8 $ 10 11 12 13 14 15 16 17 18 1% 20 21 22 23 24 25 26 27 28 29 30
31 32 33 ¥M I

o..i....i...i...i...i...i...i...i...i...i...i...i...i‘-.i...i...i...i...i...i...i...i...i...i...i...i...i...i...i.................
02 i i i i % i1 ¥ 1 ¢t 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 3 i i i % % i1 1 1 1 1 1@ 1 1 1 1 1 1 1 1 1 1 1 ¥ 1 1 1 1 1 1
[ | } } i 1 1 111 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 s i % i i % 11 1 1 1 1 1 1 1 1! ! 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 & i % i % % i1 1 1 1 11 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o 7 i i i i i ¥ 1 1 1 1 1 ¥ 1 1 1 1 1 1 1 1 ¢t 1 1 