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SECTIONONE Introduction

El Dorado Chemical Corporation (EDCC) entered into Consent Administrative Order (CAO)
LIS 98-119 with the Arkansas Department of Pollution Control and Ecology (ADPC&E)
which became effective in October, 1998. The CAO requires EDCC to implement several
actions. One of the provisions of the CAO (Paragraph 4, pages 15 and 16) requires an
Interim Measure consisting of in-situ bioremediation of the existing groundwater monitoring
wells which have exhibited nitrate concentrations in excess of 10 mg/L. The CAO requires
EDCC to submit to the ADPC&E a work plan for in-situ bioremediation. This work plan is
submitted in fulfillment of this requirement.

The CAO requires that this work plan describe the activities and present a schedule of
significant dates for initiation of bioremediation, sampling the groundwater, submission of
the sample analysis results to the ADPC&E, and preparation of annual reports evaluating the
effectiveness of this Interim Measure. Section 2.0 of this Work Plan presents relevant
background information for the facility. Section 3.0 describes the planned activities for the
in-situ bioremediation and Section 4.0 presents the proposed implementation schedule.
Section 5.0 describes the planned reporting of results. Section 6.0 lists references.
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SECTIONTWO Background

2.1 GENERAL FACILITY INFORMATION

The EDCC facility is located at 4500 North West Avenue in the city of El Dorado, Union
County, Arkansas. The EDCC property consists of approximately 1,340 acres, of which
about 150 acres are utilized for plant operations.

EDCC is a manufacturer of basic agricultural chemicals, including sulfuric acid, nitric acid,

. .ammonium nitrate fertilizers and industrial grade ammonium nitrate. The facility is currently

“ e‘,ﬁ'r ‘owned by El Dorado Chemical Company, a wholly owned subsidiary of LSB Industries of

&\éf()klahoma City, Oklahoma. EDCC purchased the plant in July 1983 from Monsanto

Chemical Company, which had occupied the site since 1955. Previous site occupants
included Lion Chemical Corporation (1943-1949) and Lion Oil Company (1949-1955).
Based on information provided by EDCC, the plant property was undeveloped prior to 1943.
Since 1943, site operations have generally been limited to production of ammonia-related
products, sulfuric acid, and nitric acid.

EDCC is currently implementing procedures for pollutant source control, wastewater
minimization and enhanced wastewater treatment/disposal measures. These measures are
expected to reduce nitrate concentrations in the shallow groundwater.

2.2 REGIONAL GEOLOGIC AND HYDROGEOLOGIC SETTING

The EDCC facility lies within the Gulf Coastal Plain Province in southern Arkansas. This
province is basically comprised of a relatively undissected low-lying plain underlain by
complex interbedded sands, silts, and clays which thicken progressively toward the coast and
toward the Mississippi River. Sediments within the sequence are, for the most part,
unconsolidated or non-lithified. The sediments range in age from Quaternary (youngest) to
Triassic.

Structurally, depositional dip was basinward in a general southern to southeasterly direction.
Growth fault development at depth enhances the basinward dip of the sediment
accumulations across the region. A graben structure (a down-thrown faulted block of
sediments) is located approximately seven miles south of the facility. The fault planes which
form the graben strike northwest-southeast.
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SECTIONTWO Background

Table 2-1 shows the age relationships of the various formations found in the subsurface of
the region. Also shown are the approximate thickness of each formation and a description of
the hydrogeologic character of the sediments.

2.3 SITE SPECIFIC HYDROGEOLOGY

EDCC investigated the site hydrogeology with Phase I and Phase II groundwater
investigations. The Phase I groundwater investigation drilled soil borings and installed
temporary well points at thirty-five locations throughout the facility. The Phase I data were
used to select locations for installation of monitor wells during the Phase II groundwater
investigation. The Phase II groundwater investigation drilled 18 soil borings in which
monitor wells were installed. The monitor wells were installed approximately 10 feet into
the uppermost saturated unit with well depths ranging from 17 to 34.7 feet. Figure 2-1 shows
the locations of the Phase Il monitor wells. Reports dated January 1995 and January 1997 for
the Phase I and II investigations, respectively, were prepared by Woodward-Clyde and
submitted to the ADPC&E.

The soil borings indicate that the shallow soils at the site consist primarily of silty clays and
clayey silts with occasional thin occurrences of silts or silty sands. Groundwater occurs
within these deposits under conditions that range from semi-confined to unconfined.

Groundwater elevations were measured in the temporary well points during the Phase [
groundwater investigation and in the monitor wells during the Phase II groundwater
investigation and during a subsequent sampling event in October 1997. The results indicate
the direction of shallow groundwater flow at the site is generally to the east-south-east, with
the exception of areas locally influenced by ground surface topography and surface water.
Figure 2-2 presents a groundwater elevation map for the most recent measurements (October
1997).

During 1997, Woodward-Clyde completed slug tests in monitor wells MW-EDC-4, MW-
EDC-13, and MW-EDC-18 to calculate hydraulic conductivity. The hydraulic conductivit
values ranged from 0.0004 to 0.000826 cm/sec. The arithmetic average hydraulic _sp;zgm
condyetance for these three wells was 0.000661 cm/sec (1.87 ft/day). ’
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SECTIONTWO Background

24 GROUNDWATER SAMPLING AND ANALYSIS RESULTS

Groundwater was sampled from the temporary well points during the Phase I groundwater
investigation and analyzed for nitrate, sulfate, lead and chromium. The Phase Il monitor
wells and four monitor wells installed previously at the EDCC landfill area were sampled
during the Phase II groundwater investigation and analyzed for nitrate, sulfate, pH, specific
conductance, temperature, turbidity, chromium and lead. Eight monitor wells were also
sampled during October 1997. All sampling results have been previously reported to the
ADPC&E.

Groundwater from 10 of the monitor wells have exhibited nitrate concentrations in excess of
10 mg/L. These monitor wells are MW-EDC-6, 7, 8, 9, 10, 11, 14, 15, 16, and 17. As
specified in the CAQO, these 10 monitor wells are the wells which will be included in the in-
situ bioremediation program. Soil boring logs and monitor well construction diagrams are
presented in Appendix A. Table 2.2 lists the analytical results for nitrate, sulfate, pH, and
specific conductance for these 10 monitor wells.

Risk-based target monitoring levels for nitrate in groundwater at the site were developed and
submitted to the ADPC&E in a report prepared by Woodward-Clyde in February, 1997.
Groundwater modeling and risk assessment procedures were utilized in this work. The
findings indicate that the existing nitrate concentrations in shallow groundwater on the site do

not present unacceptable risks to human health.

2.5 REQUIREMENTS OF THE CAO

As discussed in Section 1.0, the CAO requires an Interim Measure which includes in-situ
bioremediation in the existing groundwater monitoring wells which have exhibited nitrate
concentrations in excess of 10 mg/L. Specifically the CAO requires:

. Submission of a work plan describing activities and including a schedule of
significant dates for initiation of bioremediation, sampling the groundwater
and submission of the sample analysis results to the ADPC&E, and
preparation of annual reports evaluating the effectiveness of the Interim
Measure.
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SECTIONTWO Background

. Upon receiving the ADPC&E’s written approval of the work plan.
implementation of the in-situ bioremediation.

. Continuation of the in-situ bioremediation activities until nitrate concentration
become less than 10 mg/L or for 12 months after completion of the
wastewater improvements required by Paragraph 2 of the CAO, whichever
comes first.

. At the completion of the Interim Measure, prepare and submit to the
ADPC&E an Interim Measures Report. If nitrate concentration exceeds 10
mg/L for any well at that time, the report is to include a recommendation of a
Final Remedy and supporting documentation including an evaluation of the
potential risks to human health and the environment associated with the
residual concentration of nitrates in the groundwater. A determination may be
made that further remediation is not necessary or that additional action may be
necessary.

Woodward-Clyde & WIELDORADOWEB319\319-INSITU DOCV-DEC-988TR 24



SECTIONTHREE

Description of Planned Activities

Nitrate can be used as an electron acceptor in microbiologically mediated oxidation reduction

reactions. In these denitrification reactions, nitrate is reduced to NO,, N,O, NO, NH,", or N,

and organic matter (which is utilized as the electron donor) is oxidized. Sufficient organic

matter to allow significant biodegradation of the nitrate is not expected to be present in the

groundwater at the site. Consequently, the approach for the in-situ bioremediation involves

adding organic matter (organic supplement) to the monitor wells to enhance the

biodegradation of the nitrate.

The in-situ bioremediation is planned to be implemented in three steps as follows:

Initial sampling and testing. Data will be collected from the ten monitor wells
to provide baseline data necessary to design the in-situ bioremediation. The

analyzed for parameters that identify geochemical conditions, parameters that
are degradation products of microbiological mediated oxidation reduction
reactions, microbiological parameters, and parameters that are alternate
electron acceptors. In addition, slug tests to determine hydraulic conductivity
will be completed in each monitor well. These tests will allow design of the
quantity and type of organic supplement to be added to enhance in-situ
bioremediation and will also provide baseline information which can be used
to assess effectiveness of the bioremediation.

Preliminary field testing. Based on the results from the initial sampling and
testing, two of the monitor wells will be selected to represent the range of
conditions present in the ten wells. These selected monitor wells will then be
used in short term field tests of the addition of organic supplement. These
field tests will be used to verify the amount and mechanism for addition of the
organic supplement. Following completion of the field tests, the procedures
will be finalized for implementation of the in-situ bioremediation in all 10
monitor wells.

Implementation of in-situ bioremediation. The enhanced in-situ
bioremediation will be implemented in all 10 monitor wells. This will include
periodic addition to each well of the organic supplement, periodic sampling
and analysis of groundwater from each well, and reporting to the ADPC&E
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SECTIONTHREE Description of Planned Activities

results of the analysis. As specified by the CAO, this will continue until
nitrate concentrations are less than 10 mg/L in the monitor wells or for 12
months after completion of the wastewater improvements required by
Paragraph 2 of the CAO, whichever occurs first. EDCC will then prepare and
submit to the ADPC&E an Interim Measures Report, as specified by the CAO.

The above activities are discussed in more detail in Sections 3.1 through 3.3. Section 4.0
discusses the overall schedule for these activities. Section 5.0 discusses reporting throughout
the implementation of this plan.

3.1 INITIAL SAMPLING AND TESTING

The 10 monitor wells will be sampled and analyzed one time for the following chemical and
microbiological parameters:

. pH. Biological activity can be inhibited by extremely low or high pH values.
Current pH values will be considered in selecting the organic supplement for
enhancing bioremediation. Denitrification is a hydrogen consuming reaction.
The groundwater pH is likely to change (become more basic) as denitrification
proceeds. Denitrification rates may be low at high pH.

o Specific Conductance. Specific conductance provides a general indication of
the amount of dissolved solids present and changes in specific conductance
during bioremediation may be used in assessing progress.

. Oxidation-Reduction Potential (ORP). ORP is a general indicator of the
oxidizing or reducing conditions present in the groundwater and can be useful
in evaluating reactions that compete with denitrification and in designing the
organic supplement.

. Temperature.  Groundwater temperature affects microbiological activity.
Biodegradation rates are generally accelerated at temperatures above 20
degrees C.

. Chloride. At high concentrations chloride can inhibit microbiological activity.

Woodward-Ciyde @@ WAELDORADOVGSB319:316-INSITU DOCY-DEC-98TR  3=2



SECTHONTHREE Description of Planned Activities

o Alkalinity. Carbon dioxide released by microbiological activity reacts with
carbonate mi}eféls to form bicarbonate, which increases alkalinity. Increases
in alkalinity can indicate increased biodegradation.

. Methane. Methane is a degradation product of anaerobic biodegradation of
many organics and can be a measure of progress of bioremediation.

. Dissolved Oxygen (DO). DO is an electron acceptor which competes with
nitrate in oxidation reduction reactions. Nitrate will generally not be degraded
until DO has been depleted.

. Carbon Dioxide. Carbon dioxide can be a degradation product of many
organics and is a potential indicator of degradation activity.

) Nitrate. The amount of nitrate present is a key factor in designing the addition
of organic supplement to enhance in-situ bioremediation.

. Nitrite. Nitrite i1s a potential degradation intermediate of nitrate
biodegradation.
. Ammonia and Total Kjeldahl Nitrogen (TKN). Ammonia and organic nitrogen,

as measured by TKN, can affect microbiological activity. Ammonia and
organic nitrogen could also possibly be intermediate degradation products
during bioremediation of nitrate.

. Ferrous Iron. Ferrous iron is a product of utilization of ferric iron from the soil
as an electron acceptor in microbiological mediated oxidation reduction
reactions. However, when present in sufficient concentration, nitrate will
generally out compete ferric iron as an electron acceptor in microbiological
mediated oxidation reduction reactions. Ferrous iron may be produced during
autotrophic denitrification which can often occur with heterotrophic
denitrification. Analysis of ferrous iron may be useful as a process control for

denitrification.
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8:5.1 Autotrophic bacteria

Autotrophic bacteria obtain their nutritive carbon from carbon dioxide, but it
is the processes by which they obtain energy that make them beneficial to
humans. Specific groups of autotrophic bacteria can oxidize ammonia, nitrites,
sulfur, iron, manganese, hydrogen, and carbon monoxide (which also can be
reduced by a different bacterium). The oxidation transforms mineral forms,
which are often less useful to plants (nitrites, sulfides) to useful forms (nitrates,
sulfates). Other oxidations eliminate toxic forms of carbon and manganese.

Probably the most important groups of autotrophic soil bacteria are those
that oxidize ammonia to nitrites (a toxic form of nitrogen that is short lived)
and then to nitrates (see Sec. 6: 3.3). These nitrifying organisms achieve maxi-
mum growth under the following conditions:

1 The presence of proteins to release ammonia as they decompose, or the presence
of ammonia salts, such as ammonium sulfate.

2 Adequate aeration.

3 A moist but not wet soil.

4 A large amount of calcium (not strongly acidic).

5 Optimum temperature at 99°F (37°C) with a minimum of 41°F {5°C) and a
maximum of 131°F (55°C).

The bacterial nitrification process is shown diagrammatically as follows:

Bacteria Bacteria

NH,* —— NO,~ —— NO,-
ammonium nitrite nitrate
{utilized by (temporary} (utilized
plants) {apparently by plants)
toxic)

Nitrification is of great concern to the quality of our environment because
the conversion of stable NH,* intc NO,~ may mean that the nitrates will move
te contaminate groundwaters. Although a high nitrogen (protein) content is
usually desirable, nitrates in high concentrations are toxic to humans and
animals; in lesser concentrations, nitrates in streams and lakes can promote
the growth of algae (eutrophication), which, when dead and decomposing, con-
sume water oxygen needed by aquatic faunae.

Several groups of autotrophic bacteria can either oxidize or reduce carbon
monoxide to carbon dioxide or methane, all of which are gases.” These bacteria
are literally life giving. The world’s population adds 220 million tons (200
million mt) of carbon monoxide to the atmosphere each year. With no conver-
sion to carbon dioxide or methane, the atmosphere would become lethal to
animal life within a few years. The bacterial conversion is always anaerobic
(the absence of free oxygen), but in the absence of hydrogen, carbon monoxide
(CO) is oxidized to carbon dioxide (CO,); in the presence of hydrogen, CO is
reduced to methane (CH,). The CO oxidizing and reducing bacteria are present

7Robert E. Inman, Royal B. Ingersoll, and Elaine A. Levy, “Soil; A Natural Sink for
Carbon Monoxide,” Science, 172 (18 June 1971), 1229-31.
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in most soils but not in those under asphalted surfaces or in congested central
cities. This is one more argument for establishing and maintaining green belts
to enhance the environment near large concentrations of people.

Denitrification, the reduction of nitrates (NO,~) to inert nitrogen gas (N,),
is another autotrophic bacterial reaction that is anaerobic (see Sec. 6: 3.5).
Thiobacillus denitrificans is one of the more common bacteria of this type. The
presence of elemental sulfur hastens denitrification.

8:5.2 Heterotrophic bacteria

Heterotrophic bacteria are those that depend upon organic matter for their
nutrition; in this group are most of the soil bacteria. Heterotrophic bacteria
include both nitrogen-fixing and non-nitrogen-fixing kinds; the nitrogen-fixing
bacteria groups are subdivided into symbiotic and nonsymbiotic. The symbiotic
bacteria are most commonly associated with leguminous plants, but some non-
leguminous plants also have symbiotic nitrogen-fixing bacteria.

Heterotrophic bacteria, which do not fix nitrogen, are the most prevalent
type of these common soil bacteria. The non-nitrogen-fixing bacteria are the
bacteria most responsible for the decomposition of organic matter. Some
members of this group include (1) the thermophilic bacteria that continue decom-
position even when released energy heats and occasionally burns hay when it
is baled too wet, and (2) certain of the genus Bacillus, some of which produce
antibiotics.

8:5.3 Symbiotic bacteria

The word symbiotic comes from the Greek and means “living together.” It is
used to describe the heterotrophic bacteria that fix atmospheric nitrogen in plant
root nodules because it illustrates the dependence of the process on bot/ the
bacteria and the host plants, the majority of which are legumes.

In the days of ancient Greece, it was known that legumes (pod-bearing
plants such as peas, beans, alfalfa, and clovers) had a beneficial effect upon
whatever crop was next planted in the same soil. It was not until 1838 that
Boussingault demonstrated that the beneficial effect was due to the fixation of
atmospheric nitrogen in the legume root nodules. In 1879, Frank proved that
artificial inoculation with specific bacteria resulted in legume root nodule forma-
tion and that the bacteria in these nodules fixed atmospheric nitrogen.

Symbiotic bacteria attack the root hairs of the host plant, and the resulting
injury induces the root celis to grow around the bacteria, thus forming root
bulges called nodules. The bacteria live within these nodules that are produced.
The plant roots supply essential minerals and organic matter to the bacteria and
eventually benefit from the atmospheric nitrogen that the bacteria have fixed
and used to build body protein.



SECTIONTHREE Description of Planned Activities

o Total Iron. Total iron may be a source of autocatalytic denitrification.
Suspended solids present in the well water may provide a source of nonferrous

iron.

. Manganese. Manganese is a potential electron acceptor which may compete
with nitrate in microbiological mediated oxidation reduction reactions.

. Sulfate. Sulfate is a potential electron acceptor. However, nitrate, when
present in sufficient concentration, will generally out compete sulfate as an
electron acceptor in microbiological mediated oxidation reduction reactions.

. Total Organic Carbon (TOC). TOC is a general indicator of the amount of
organic matter present and is useful in determining the amount of organic
supplement that will be required to enhance the bioremediation.
Determination of current TOC concentrations can allow monitoring of TOC
during bioremediation as a surrogate analyte for the organic supplement.

. Total Phosphate. Phosphate is an essential nutrient and, if not naturally
present in sufficient concentrations, will need to be present in the organic
supplement.

o Microbiological Testing. For denitrification, denitrifying bacteria can be

determined. Denitrifying bacteria are a heterogeneous group of organisms
that mediate the conversion of nitrate to elemental nitrogen. Testing for
denitrifying bacteria can be useful in determining if the appropriate microbial
population of microorganisms 91’6 being enhanced and if the injection of
nutrients is stimulating microbial activity.

3.1.1  Sampling Procedures

The monitor wells will be purged and sampled using a redi-flow submersible pump. The
general procedure will be as follows:

Woodward-Clyde “ WAELDORADOWSB319\1319-INSITU DOCV-DEC-988TR  3-4



SECTIONTHREE Description of Planned Activities

The well caps will be removed and the static water level and the total depth of the well will
be measured using an electronic water level sensor. Depth to water will be referenced to the
survey point (generally the top of the PVC well casing).

Wells will be purged until a volume equaling at least three times the calculated standing
water in the well has been removed. This is calculated as follows:

Volume of water in the casing (gallons) = 3.14 x r* x (H-h) x 7.48
where:
Depth to water (feet) = h

Depth of well (feet) H
Radius of well (feet) = r

i

The specific conductance, pH, temperature, DO, and turbidity will be measured prior to and
during purging. If the specific conductance (within 10%), pH (within 0.1 standard units),
temperature (within 0.5 degree C), DO ( within 10%) or turbidity within (10% or less than 5
NTU) of the water has not stabilized when three well volumes have been purged, then
purging will continue until these parameters have stabilized or to a maximum of five well
volumes. If a well is purged to dryness, the well will be allowed to recover prior to collecting

samples.

When the well has been purged the samples will be collected with the redi-flow pump. The
sampling pump will be decontaminated between each use. New discharge tubing will be
used at each well. Discharge rate of the pump will be reduced to approximately 100 ml/min
for sampling for dissolved gases. Samples for analysis for ferrous iron will be filtered with a
0.45 micron filter placed in-line on the discharge line from the pump. All other samples will
be unfiltered. Flow-through cells will be used for field measurements of samples for pH,
specific conductance, DO, ORP, and temperature.

3.1.2 Analysis of Samples

The analytical methods, containers, and preservatives for each analyte are listed in Table
3.3.1. Samples will be handled under chain-of-custody procedures and will be transported to
a commercial laboratory for analysis.

Woodward-Clyde 0 WIELDORADO\9BB3191319-INSITU.DOCY-DEC-9818TR 3=



SECTIONTHREE Description of Planned Activities

3.1.3 Hydraulic Conductivity Tests

Slug tests to determine hydraulic conductivity will be completed for each of the ten monitor
wells. The following procedures will be used:

. The static water level will be measured using an electronic water level sensor
which will be decontaminated between wells.

. A pressure transducer will be lowered into the well to measure water level
changes and proper functioning of the transducer and recording data logger
will be checked.

. A slug (suspended weight of known volume) will be lowered into (slug-in
test) the water in the well. The slug will be introduced as rapidly as possible
without causing undue splashing or turbulence, so as to produce an
instantaneous head increase. The magnitude of the slug will be such that the
slug will not cause water to overflow the well casing. The slug will be
decontaminated prior to use in each well.

. The data logger will record the water levels continuously (millisecond
intervals). Measurements will continue until the water level stabilizes.

. Water level measurements will be checked for credibility before proceeding to
the next testing stage (slug-out test).

o When checking of the data has been completed and the data determined to be
acceptable, the slug will be removed from the well as rapidly as possible, so as
to produce an instantaneous head reduction. Water levels will be measured
and recorded continuously, the same as in the slug-in stage of the testing.
Measurements will be terminated when the water level stabilizes.

o Water levels will be checked for credibility before proceeding to the next well.
Any test or test stage will be repeated if the field review of the recorded data
indicates questionable validity.
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SECTIONTHREE Descrintion of Planned Activities

. The data from the slug test will be reduced to evaluate time versus change in
water level using the methods of Cooper et. al. (1967) or Bouwer and Rice
(1976).

3.2 PRELIMINARY FIELD TESTING

The data collected during the initial sampling and testing will be used to design the
preliminary field tests. This will involve selection of two or three monitor wells for the tests,
selection of the appropriate organic supplement, and selection of procedures for supplement
addition and for monitoring. These activities are discussed in Sections 3.2.1, 3.2.2, and 3.2.3,
respectively.

3.2.1 Selection of Monitor Wells

Monitor wells will be selected to provide tests representative of the range of conditions
present in the 10 monitor wells. Key factors in the selection are expected to be
concentrations of the various nitrogen species (nitrate, ammonia, and TKN), pH, and
microbiological parameters.

Final determination of the wells will be made after the initial sampling and testing has been
completed. It is anticipated that two pilot wells will be used to evaluate denitrification
potential. Two ranges of nitrate concentrations will be evaluated: 10 — 400 mg/L. and above
400 mg/L. Denitrification in the low concentration range is less likely to be complicated by
clogging of the permeable zone due to biomass growth and the production of intermediates
such as nitrite. However, areas of high nitrate concentration are more likely to develop
denitrifying microbial populations. The optimum pH range for denitrification is 7 — 8
(Bengtsson 1995); however, since denitrification is a hydrogen consuming reaction,
denitrification may be preferred at low pHs.

3.22 Selection of Organic Supplement and Application Method

There are numerous methods that are utilized in the denitrification of groundwater. For in-

situ denitrification, two common practices are:

1. Direct injection of a carbon source into selected wells. The most direct and
straightforward method of promoting denitrification is to inject wells with a
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SECTIONTHREE Description of Planned Activities

carbon substrate. Carbon limitation is often the cause of nitrate accumulation
in groundwater (Bradley 1992). A variety of common substrates may be
utilized, such as ethanol, methanol, sucrose, molasses, cellulose. acetate, and
urea. The carbon sources that are most readily utilized by indigenous
microorganisms in the groundwater are natural carbon sources, such as
cellulose and acetate; however, positive results have been achieved with a
variety of carbon sources. Molasses, methanol, cellulose, and acetate will be
Y ‘evaluated following completion of the initial sampling and testing. One or
two of these supplements will be selected for use in the field tests.

The most significant drawback to substrate injection is aquifer fouling due to
the production of biomass (Hiscock et.al.1991 and Dahab 1993). In some
cases, significant denitrification can lead to gas production (nitrous oxide or
nitrogen) that can also promote aquifer clogging. To limit the potential for
aquifer clogging, the substrate may be pulse injected. Initially, the
concentration of substrate will be limited to reduce the potential for over
production of biomass.

2. Utilization of Hydrogen Releasing Compound®.  Hydrogen Releasing

7} Compound (HRC) is produced by Regenesis to promote reductive

’ dechlorination of chlorinated solvents. The HRC, upon hydration, slowly

releases lactic acid into the groundwater. The lactic acid can be fermented to

produce hydrogen gas which drives reductive dechlorination. In the presence

of other electron acceptors, such as nitrate and sulfate, HRC is utilized by

7 denitrifying and sulfate reducing bacteria. The principal advantage of HRC is

; ey reduced potential for aquifer clogging versus direct injection. HRC may be

evaluated for wells where aquifer clogging due to biomass production is
observed.

Direct injection of molasses, methanol, cellulose, or acetate is anticipated to be the preferred
remedial method. HRC may be evaluated if aquifer clogging is observed. Additional
nutrient needs (i.e. ammonia and/or phosphate) will be evaluated during the preliminary field
testing.

.
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SECTIONTHREE

Description of Planned Activities

3.2.3 Procedures for the Tests

Procedures for the tests will be finalized after completion of the initial sampling and testing.

However, these tests are expected to be conducted for an approximately eight week period.

The organic supplement will be periodically added to each of the selected wells during the

test period. The frequency and amount of addition is dependent on findings from the initial

sampling and testing. Prior to each addition of supplement and at the end of the test, each

well will be sampled and analyzed for certain parameters. On a preliminary basis these

parameters are expected to be the following:

Week
Parameter 0 2 4 5 6 7 8
pH X X X X X X
Specific Conductance | X X X
DO X X X X
ORP X X X X
Nitrate X X X X 11X |X | X
Ammonia X X X X X
TKN X X X
TOC X X X X X
Alkalinity X X X
Temperature X X X X I'X | X |X
Carbon Dioxide X X X X X
Nitrite X X X X X
Chloride X X X
Phosphate X X X X X
Manganese X X X
Denitrifying Bacteria X X X X
Ferrous Iron X X X
Total iron X X X

supplement addition rates.

Many of these analytes can be analyzed in the field to provide immediate data for evaluating

Woodward-Clyde €@
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SECTIONTHREE Descrintion of Planned Activities

3.3 IMPLEMENTATION OF IN-SITU BIOREMEDIATION

The specifics of the bioremediation will be developed following completion of the
preliminary field tests. This information will be transmitted to the ADPC&E prior to
implementing the in-situ bioremediation.

Specifications for the mix, frequency, and method of addition of organic supplement will be
provided for each of the 10 monitor wells. Each monitor well will be inspected each time
supplement is added.

A monitoring program will be specified as part of the implementation. Specifics will be
presented in the aforementioned transmittal to the ADPC&E. Semiannual monitoring of the
10 monitor wells for a specific set of analytes is anticipated. Analysis for additional
parameters may be specified on an annual basis, as necessary. Analytical results from each
sampling will be reported to the ADPC&E within 45 days of receipt by EDCC. Results will
be discussed in the annual report to the ADPC&E and in the Interim Measures Report.

Woodward-Clyde 0 WAELDORADOVBB319\319-INSITU DOCY-DEC-9mBTR  3-10



SECTIONFOUR Schedule

Figure 4-1 presents the proposed overall schedule. Milestones include the following:

) December 10, 1998 - Submittal of work plan to ADPC&E

. January 29, 1999 - Anticipated receipt of ADPC&E approval of work plan

. ~ March 29, 1999 - Submittal of results of initial sampling and testing and of
plans for preliminary field tests

o ~ August 29, 1999 - Submittal of results of preliminary field tests and of
plans for implementation

. ~ September 29, 1999 up to August 1, 2002 - Operation of in-situ
bioremediation

. November 1, 2002 - Submittal of Interim Measures Report

The above milestones are based on an assumed date of the ADPC&E approval of the Work
Plan and the schedule may vary according to the actual date of approval. Also, the assumed
period of operation of the in-situ bioremediation and of submittal of the Interim Measures
Report may be accelerated if the nitrate concentrations are reduced before the latest date for
completion of operation (August 1, 2002) is reached.
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SECTIONFIVE Reporting

The following reports are planned:

L1, oo

Yo e L,

The results of the initial sampling and testing and the plans for the preliminary
field tests will be transmitted as a letter report. All analytical results will be
appended. Relevant findings will be discussed.

The results of the preliminary field tests and the plans for the implementation
of the in-situ bioremediation will be transmitted to the ADPC&E as a letter
report. All analytical results will be appended. The planned supplement mix
and the frequency and amount of addition for each well will be identified.
The monitoring and reporting program will be specified.

During implementation of the in-situ bioremediation, monitoring results will
be submitted to the ADPC&E within 45 days of receipt of laboratory results.
Monitoring is expected to be on a semiannual basis.

Annual reports for a calendar year will be submitted by March 31 of the
subsequent year. The reports will include all analytical results for the
reporting period. Concentration changes over time will be discussed.
Changes in the remediation will be discussed, if any changes were necessary.
A groundwater elevation map will be included and any significant changes in
direction of hydraulic gradient will be discussed.

An Interim Measures Report will be submitted to the ADPC&E following
completion of the Interim Measures. The report will document the Interim
Measures. If nitrate concentration in any monitor well exceeds 10 mg/L, an
evaluation of risks to human health and the environment associated with the
residual concentrations of nitrate will be included. The risk evaluation will
utilize the factors identified in the ADPC&E Regulation 22 at Section
22.1207(cX1) through 22.1207(d)@8). The report will either include a

- determination that further action is not necessary or it will include a

recommendation and supporting documentation for a Final Remedy.
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TABLE 2-1

DESCRIPTION OF REGIONAL HYDROGEOLOGIC UNITS IN THE EL DORADO, ARKANSAS AREA
EL DORADO CHEMICAL COMPANY

EL DORADO, ARKANSAS
System Series Group Formation Hydrogeologic Unit Hydregeologic Properties
Quate Ho;c:l((:iene Alluvial and Clay, silt, sand, and gravel. Present only in bottomiands of most
mary . terrace deposits streams. Generally not used. As much as 100 feet thick.
Pleistocene
. . Lignitic sand with interbedded clay. Principal aquifer for rural
Cockfield Formation | Cockfield aquifer domestic supply. Approximately 200 feet thick where present.
Cook Mountain Cook Mountain confining | Clay with interbedded fine sand. Not an aquifer. Thickness ranges
Formation umnit from 50 to 200 feet.
Thinly bedded fine glauconitic sand with interbedded clay. Source
Greensand aquifer of municipal and mdustrfal water supply pfm(:lpally in 8(.)u.theast
Tertia Eocene Claiborne part of county. Water withdrawals approximately 0.5 million
Y gallons per day. Approximately 200 feet thick.
Sparta Sand Middle confining bed Clay and silt. Not an aquifer. Thickness ranges from 40 to 160 feet.
Thickly bedded medium to coarse sand. Source of municipal and
El Dorado aquifer industrial water supply throughout the county. Water withdrawals
approximately 14 million gallons per day. Approximately 300 feet
thick.
Cane River Cane River . . . .
Formation confining unit Clay and silty clay. Not an aquifer. Approximately 300 feet thick.

From Leidy and Taylor, 1992
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TABLE 2-2

ANALYTICAL RESULTS
MONITOR WELLS THAT HAVE EXHIBITED NITRATE CONCENTRATIONS EXCEEDING 10 MG/L
EL DORADO CHEMICAL COMPANY

EL DORADO, ARKANSAS
Specific Specific

Nitrate Nitrate Sulfate ‘Sulfate pH pH Conductance Conductance

(mg/l) (mg/h (mg/) (mg/l) (S.U) (S.U.) (umhos/cm) (umhes/cm)

Weil No. March-April 1996 | October 1997 | March-April 1996 | October 1997 | March-April 1996 | October 1997 | March-April 1996 | October 1997
MW-EDC-6 51.1 NS 24 NS 7.7 NS 700 N8
I MW-EDC-7 282 NS 380 NS 8.1 NS 700 NS
MW-EDC-8 1010 773 68.3 95.9 7.9 43 710 735
MW-EDC-9 37.3 NS 621 NS 9 NS 320 NS
MW-EDC-10 257 NS 89 NS 7.7 NS 410 NS
MW-EDC-11 221 NS 578 NS 11.1 NS 130 NS
[Mw-EDC-14 1.9 NS 139 NS 46 NS 650 NS
HMW-EDC- 15 345 NS 44 NS 6.4 NS 266 NS
HMW«EDC»Iﬁ 137 NS 4.6 NS 5.7 NS 890 NS
[Mw-EDC17 45 109 145 74.5 4.9 42 730 1230

NS = NOT SAMPLED

Woodward-Clyde &
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SAMPLE CONTAINERS, PRESERVATION METHODS AND ANALYTICAL METHODS

TABLE 3-1

EL DORADO CHEMICAL COMPANY

EL DORADO, ARKANSAS
Field or
Analytical Laboratory Field Special
Paramefer Method/Instrument Analysis Container Preservation ' Filtered| Hold Time? Consideration
Multi-Parameter Probe Two-point calibration between wells;
Dissolved Oxygen with Flow-Through Cell Field NA None No NA record parameters when readings stable.
L) Multi-Parameter Probe
xidation-Reduction Potential (ORP) with Flow-Through Cell Field NA None No NA Record parameters when readings stable.
Multi-Parameter Probe
Specfic Conductance with Flow-Through Cell Field NA None No NA Record parameters when readings stable.
Multi-Parameter Probe
Temperature with Flow-Through Cell Field NA None No NA Record parameters when readings stable.
Multi-Parameter Probe
H with Flow-Through Cell Field NA None No NA Record parameters when readings stable.
Eermus Iron HACH Test Kit-8146 Field 1 x 100 mL (G,P) |[lee (4°C) Yes ASAP Minimize introduction of oxygen.
"Carbon dioxide HACH Test Kit 26193-07 Field 1 x 100 mL (G) None No ASAP
"Total Iron EPA Method 3010, 6010 | Laboratory {1l x 250 mL (G,P) |Cool 4°C, HCI to pH<2 No 6 Months
“Manganese EPA Method 3010, 6010 | Laboratory }! x 250 mL (G,P) [Cool 4°C, HCl to pH<2 No 6 Months
llMajor Anions (CI', NOy, NO;, SO ) EPA Method 300, 353.2 Laboratory |1 x 1,000 mL (G,P) |ice (4°C) No 48 Hours
llAIkalinity EPA Method 310.1 Laboratory |1 x 250 mL (G,P) Ice (4°C) No 14 Days
Method AM-19 Method by Microseeps, Inc.
Methane or RSK-175 Laboratory |3 x 40 mL VOA Ice (4°C) No ASAP or Robert S. Kerr Laboratory
JAmmonia EPA Method 350.3 Laboratory |1 x 1,000 mL (G,P) [Cool 4°C, H,50, to pH<2 No 28 Days
[Total Kjeldahl Nitrogen EPA Method 351.3 Laboratory {1 x 1,000 mL (P) Cool 4°C, H,S0, to pH<2 No 28 Days
[Total Phosphate SW846 9060 Laboratory |1 x 500 mL (P) Cool 4°C, H,S0, to pH<2 No 48 Hours
[Total Organic Carbon SW846 9060 Laboratory |2 x 125 mL (A,G) |Cool 4°C, H,S0, to pH<3 No 28 Days
Denitrifying Bacteria HACH Test Kit 1436-01 Field 50 mgl (G) None No ASAP

NOTE:

Wells to be purged and sampled as per USEPA Region IV and DNR Protocols.

Key:
NA = Not Applicable.
G,P = Glass or Polyethylene container.
A = Amber container.
SW846 = Test Methods for Evaluating Solid Waste, dated 4/92.

EPA = "Methods for Chemical Analysis of Water and Waste", 1979, Revision 3/83.

2

Hold time based upon day of sample collection not verified time of sample receipt.

Sample preservation is performed by sampler immediately upon sample collection if not already done so by the laboratory.
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URS Greiner Woodward Clyde

FIGURE 4-1. PROPOSED SCHEDULE IN-SITU BIOREMEDIATION FROM EL DORADO CHEMICAL COMPANY EL DORADO, ARKANSAS
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APPENDIX A

SOIL BORING LOGS AND
MONITOR WELL CONSTRUCTION DIAGRAMS
FOR MONITOR WELLS TO BE USED
IN THE IN-SITU BIOREMEDIATION
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Nov 11 898 11:55a

1-501-223-2996

LOG OF BORING

PROJECT: Monitor Well Installation BORING;
LOCATION: El Dorado, Arkansas mE:

CLENT:  El Dorado Chemical Company GEOLOGIST:
El Durado, Arkansas A APPROVED:
DRILLER:  Anderson Engineering PAGE:

MWEDC-06
95B16S
112119

EJF
2

Hollow-s1em Augered:

S.P.T.0m)
or
P.Pen.(sf)

Recove iption of Stratum
fmcy  Descript

18 Light gray (SYR, 7/1) Clayey SILT; damp; dense.

. ", W W, W, . T W, )
h N W W o,

T8 Reddish gray (OYR, 572) Silty CLAY, dry t damp.

P T
-
»~

.

O, Ao o, . . W W . W

H

Pk ek ok
LA B
S -

1) i
—
]
1 i
. A |

«L)

18 Wet reddish gray (5YR, 5/2) SILT and Silty SAND.

(ML/SM)

Fod of Boring a1 19'.

TUN 49 ENVABTZD SB16S MWEDC06 €@ Woodward-Clyde Consultants
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ELEVATION QOF
caswg _191.87'

~189."

_—

SITE___EL DORADO CHEMICAL CO.

WELL NUMBER__MR-EDC-6

START 2-21-96

FINISH 2-21-96

DRILLING METHOD HSA

DEPTH TO WATER 5.73"

~188.°
screpuee 40
_— 4" _ pvC CASING
020,
20%% S
XL -
KRR KRR
Y KRS
: LY KKK
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SRRA [
ogososo I e tete%
183.5- RS XS , |
R : ijf:::f:/- GRANULAR BENTONITE SEAL
181.9" j :':-:"'
—_— . i — “ /—_ vrr: 70- \g%al? Sn?zi%qa
r__.“ _:—‘i i /-—- FILTER Pack no. 00
= "
169.9" - = .
FILE NO.
FLOCRIDOCHEMEALCONPANY | Woodward:Ohde Sorautents @ | wowToRNG veL ¥5B:65 )
E_DORADO‘ ARKANSAS Uttle Rock, Arkansas CONSTRUCT]ON DlAGR m —

SCALE:

] DRAWN 8Y:
CHKD. BY: l"i i/
NT——

DATE:
DATE: 5 7’!7;,
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Nov 11 98 11:56a 1-501-223-2996
LOG OF BORING
FROJECT: Monitor Well Installation ' ::;me: Mmcm:ss -07
LOCA' : Kl Poradg, Arkansas : -
ToN ' _ DATE: 22019
CLENT:  El Dorado Chemical Company CEOLOGT: (E
El Darado, Arkansas APPROVED:
DROLER:  Anderson Engineering PAGE: of 1
Hollow-ster Augered:
aw I
IS'P:{:}M Recovery Description of S!mumj;
_ o P.Pen{tsf)|  {inch)
-1
- 24
3 3-13E§
L 4-::,} »16 Reddish yellow (7.5YR., 6/6) Silty SAND with traces of light gray SILT: dry. (SM)
- S |
r 6“|lhj
3
-8 p
L O s v >
V, 1& Sdif reddish gray (YR, 5/2) CLAY. {CL
- 10—? TE )
- 11—/
- 12_
. 1; . é 18 —-very siiff dark gray (10YR, 4/1) CLAY. L)
5
L. 1‘7..
9
: ;3_1 H 1‘# Wet, loosc Jight gray (SYR, 7/1) SILT and boe Silty SAND. (MLUSM)
- 2T pem——— [ ——— EadofBornp a2, T T T T T T T T T T oo omesmmssommoem e
of Bormg at 22

JUN 496 ENVARTIR 58165 MWEDC-O7
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SITE EL DORADQ CHEMICAL CO.
WELL NUMBER___MW-EDC-7
START 2-20-96

g;g;;,;fggg ga / FINISH 2-20-96
T DRILLING METHOD HSA
DEPTH TO WATER 8.45°
~193." ‘
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/ FILE NO.
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Nov 11 83 11:56a 1-501-223-23996

LOG OF BORING

PROTECT: Monitor Well Installation BORING: MWEDC-08
LOCATION: El Dorado, Arkansas HbLE: 95B1G5
i DATE: 2120196
cLERT:  El Dorado Chemical Company GEOLOGIST: EJFCQ
El Dorado, Arkansas APTROVED:
Anderson Engineering PAGE: 1 of 1

[ Hollow-siem Augered:

:

DEPTH
(FEET)
SYMBOL

S.P.T.(o/)
. Reco Description of Sramm
P.Peim (mc?)fy

material consisting of dark brown (SYR, 7/1 + 10YR, 6/3) Sandy
'8 CLAY yeﬂow brown medivm SAND( and light gray Silty SAND, loase. (SC/Sh)

1
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i
Ty T T v r v e T rrvTey
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1§ Light gray (3YK, 7/1) Silty CLAY: medinm dense; darop. CHY ]

L. 13 -
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- 16_
- 17
- IR -
- 19.~

18 Very stiff dark grayish brown (10YR, 4/1) CLAY.

I
8

ZAAIMIMTITITIITNININNNY

P—’-Mu’—m‘-.—h*.

21 4 4 Light gray (OYR, 7/1) CLAY and light brown fme SAND. CLSM)

-
[— 22 -
23 ~
24 - —wet, light gray (SYR, 7/1) fine Silty SAND. (SM)

- 26 =

*
| e e e
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~183.5!

181.4'

179.4"
177.4°

DEPTH TO WATER

SITE__EL DORADO CHEMICAL CO.

WELL NUMBER MW-EDC-8

START 2-20-96

FINISH 2-20-96

DRILLING METHOD HSA
8.69"

-y
*

[T

.. — 00
e / FILTER Pacxk no. 00
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FILE NO
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Nov 11 98 11:56a ,
LOG OF BORING

PROJECT:  Monitor Well Installation
LOCATION:  El Dorado, Arkansas

CLIENT:  ElI Dorado Chemical Company
El Dorado, Arkansas
DRILLER:  Anderson Engineering

1-501-223-2996

BORING:
FILE;
DATE:

GEQLOGIST:

APPROVED:
PAGE:

MWEDC-09
958165
2/15/%6

1ofl

g Hollow-swcm Augered:
X

DEPTH
{FEET)
SYMBOL

8.P.T.(b/K)
o Recovery
P.Pes.(eh] (mch}

Description of Stramm

¥
RO N T VIO R TIPS

18 White - light gray (SYR, B/1-7/1) dense Silty CLAY; dry.

CL)

- m-;?
14 / 1§ —stiff gray (SYR, 7/1) CLAY; maist

/ 18 Light gray (SYR. 7/1) stff CLAY: damp: with levses.
L1 -/

(CL/ML)

(CL)

/ 1§ —dark gray (SYR, 7/1) stiff CLAY with white to light gray SILT; damp. (CL)

138 Wwer gray (SYK, 7/1) SILT.

T
N W
~ &
i

| —

[——
W

o o s oo o - v

[~ "End of Boring af 78",
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SITE EL DORADO CHEMICAL CO.
WELL NUMBER__MW-EDC-9
START 2-15-96

ELEVATIDN OF FINISH 2-15-96
N 198.39" /
CASING =R HSA

DRILLING METHOD
DEPTH TO WATER 10.43"

“196."

mp— — -
g, - S RITLE
. % TUEE e
. ALY
Pl
v -
-~ ! + "t e
195. e CONCRETE SEAL

Lo oo
KN

S

5
O
S

IR
KA
ode%
IS

scuepure _ 40

4-
/— PVC CASING

0o,
93059

<0

L
(X
¥e%e

/— BENTONITE-CEMENT SEAL

182,4"

: f _.jﬁf::':/—- GRANULAR BENTONITE SEAL

180.4° ’ RN L

178.4" - S 4" eve weLL ScreEn
' - i"vv-‘ . " - ..

178.4' LS .- ;‘.'./_— VITH __10= sLOT OPENING

: /-~ FILTER Pack no. _00

-
¢

(Y

. & “ S
168.4° ';g;\‘ ‘, e * R

Py

FILE NQ

ELDORADO CHEMICALCONPANY | Woodward-Clydo Consultants e MONITORING WELL 5165

and Environmental Sclenlsts

EL DORADO, ARKANSAS Litthe Reck. Arcensos CONSTRUCTIONDIAGRAM [P ~c

SCALE: DRAWN BY: DATE:
CHKD. BY- z"': E DATE: ; ;gz:




Nov 11 98 11:56a
LOG OF BORING

PROJECT. Monitor Well Instalfation
LacaTion:  El Dorado, Arkansas

cLeeNT:  El Dorado Chemical Company
¥l Doradg, Arkansas

DRILLER: Anderson Engineering

1-501-223-2986

BORING:
FILE:
DATE:

GROLOGIST:

APPROVED:
PAGE:

MWEDC-10

958165
2/19/96
EJF@

1ofl

E Hollow-stem Augered:

DEPTH
{FEET)

¥

SYMBOL

S.P.T.iR)
or
P.Pen(isf)|  (inch)

Rccovery Description of Stratum

s S

— 10— ‘ " dry to daxmp.

H
e
o+

—
Pk ek puh
(R
et bt
S

andycllowﬁnesandlensu

i
-
v

J

- 16 o)
= 17 -
- 18 ~
- 19 =

[FEes v v vyvy vy

8 b et bl e

L DL e S W i o e v ww

16 Suff gray (SYR, 6/1) CLAY; dry.

97 f E: gray (3YK, 5/2) Silty

traces of yeliow Sity §

(€L

(oi%)

18 Reddish brown menhmmmhghtbmmsn,T

e s . B s s i st e i et W W o o an o W WY A b o s o o wh W NN W MR s e e o B B W e e e = e

(CL/SM)

JUN $ 9 ENVABTIE 58163 MWEDC.10 o Woodwar d-Clyde Consultants




ELEVATION OF
casing 205.75'

~203."

/

-202."

197.2!

195.2° .

DEPTH TO WATER

SITE ___EL DORADQ CHEMICAL CO.

WELL NUMBER__MW-EDC-10

START 2-19-96

FINISH 2-19-96

DRILLING METHOD HSA
14.06°

S

v

screnuLe _ 40
4"  pye casinG

/—- BENTUNITE~CEMENT SEAL

/—~ GRANULAR BENTONITE SEAL

P
\f" > -
0 .- e 4"  pyc VELL SCREEN
12320 R e T /__ with __10= sLar oPENING
T | ;;j-e'/—- FILTER Pack No. _00
BRI = S
183.2° ) L = LLE
FILE NO
Woodward-Clyde Consultants
EL DORADO CHE‘WCAL COMPANY Conaulting Enineers. Geologists e MONH’OR’NG WEU.. 95B165
and Environmental Sclentists
EL DORADO, ARKANSAS Littie Rock, Arkansas CONSTRUCTION DIAGRAM FIG. NG
SCALE: DRAWN 8Y: DATE:
CHRD, BY. 7 om:—-z‘q'g—s
F




Nov 11 98 11:56a 1-501-223-2996 p.12
LOG OF BORING
PROFECT:  Monitor Well Installation BOKING m‘f‘n
LOCATION: E! Dorado, Arkansas TATE: 211919
cuENT:  El Dorado Chemical Company GEOLOGIST: EJFd
El Dorado, Arkansus APPROVED: )’L
DRILLER: Apderson Engineering PAGE: fofl
| Hollow-sicms Augered
e 13
Ew g
gE |2
Recove: Description of Stranum
L o PPensh (inch)ry
- 1Y
2
- 3 ::
-4 E; 1§ Loose, damp, light gray (SYR, 7/1) and tan Silty CLAY. (L)
—~ 5 Wi
§ i :
- 6 p: i
’!
- Tl
L g -4 :: ;
Al
e T§ ST Ted-pray YK, 572) CLAY; wadh iieriieon s e sand and light  (CL/MI) |
~ 10—tH gray silt lenses; damp o moist.
- 11 -k
. 12 Sk
- 134
B 14 " 1
Light gray, tan and reddish brown (TOYR, 6/6) finc-medium SAND:; wet M) |
~ 15+ #_vaﬂzsﬂtysandlcmes.
16 ~
b TR
- 18
- 19~ "'--""—‘“—"-'”"'mfn':"l"] 75 [ e

"JUN 496 ENVAST2D 58165 MWEDC.T}

€@ Woodward-Clyde Consultants



“199.°

-198."

195.9°

193.9!
191.9°

I

181.9' !VU

S5

03
S

90

X0
RS
900,

o
G5
038,
SRR

255
&5
0%
020

R
KRS
RS

L
0%,
%
0%,
XS

SITE__EL DORADQ CHEMICAL CO.

WELL NUMBER__MW-EDC-11

START 2-19-96

FINISH 2-19-96

DRILLING METHOD HSA

DEPTH TO WATER 11.07°

-y
»

RITEERRERTYTAR

screpuLe _ 40

/—— 4" _ pvc casinG

/—- BENTUNITE-CZMENT SEAL

............. N /—- GRANULAR BENTONITE SEAL

L 4"  pyc VELL SCREEN
- | 7 Ui -_10= sLoT oPeNNG

i /...... FILTER Pack no. 00

EL DORADO CHEMICAL COMPANY
EL DORADO, ARKANSAS

Consulting Engineers, Geologists

FILE NO

Woodward-Clyde Consultants e ONITORING WELL 958165

and Environmental Sclentists
Little Rock, Arkanscs

CONSTRUCTION DIAGRAM FIG. NC

SCALE;

DRAWN BY: DATE:
CHKO 8Y [ [ NI

[ 4




Nov 11 98 11:57a

17 Fine Silty SAND; light gray and tn in color (7.5YR, 7/0).

1-501-223-2996
LOG OF BORING
PROJECT: Monitor Well Installation ' BORING: MWEDC-14
LocaTION: El Dorade, Arkansas FILE: 95B16S
DATE . 211396
aexr:  El Dorado Chemical Company _ GEOLOGIST: EM
ki Dorado, Arkansas APPROVET
DRILLER:  Anderson Engineering PAGE: 1of1
Hollow-stem Augered:
e lo
Eb g
8 L 5P
e —
N Reco Description of Stramm
o VEry
P.Penfish) &mm
i 7
I M)

lq Silty Ywmmofsmmmm.ﬁgmwdaxkgmymmlor (CL)

B USYKSfO).dW
u 13 a2

ol 1§ Wer fine SAND, prixaarily gray with traces of tan and Light brown { 7.5Y R, ML)
TR T 6070) foc sasd, .
~ 150 -
- 16 -0
= ‘17....‘_'-4

nenpvemmewmcn— @ Woodward-Clyde Consultants
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" FINISH

DRILLING METHOD
TO WATER 9.86"

SITE__EL DORADO CHEMICAL CO.

WELL NUMBER MW-EDC-14

START

2~-13-96

2-13-96

DEPTH

HSA

~175.5"
~175.0" t: Jemt——— CONCRETE SEAL
schepuce _ 40
/—- 4" pvc casING
/-- BENTONITE-CEMENT SEAL
174.3"
SRR o f:::::::/" GRANULAR BENTONITE SEAL
1723 [ R |
170.3° z P 4" pyC VELL SCREEN
—— L e f:,/f’/p_ﬂ'vrn4 _10- stoT oPENING
Tl =T /— FILTER pack no. 00
"“ ‘f—..—vk Rl ; M P
160.3" 1 R e LR
Woodward-Clyde Consultants M2 FILE MO
oodward-Clyde Consultan
EL DORADO CHEH!CAL COMPANY Conaulting E,ng!t)\:efs, Gealoglats HONITDR’NG WELL 95B165
and Environmental Sclentiste
ELBORADO, mmsks Uttle Rock. Arkansos CONSTRUCT!ON DMGRAH FIG. NO

SCALE: ORAWN B8Y: DATE:
TKD &Y. I~ - loAE. o/ 1

~




Nov 11 8B 11:57a

1-501-223-2996 P.16
LOG OF BORING
PROJECT: Monitor Well Installation BORING: !:g'EDC-JS
LOCATION: El Dorado, Arkansas FILE: 165
DATE: 2113196
aeNT:  El Dorado Chemical Company ceoLoGsT:  EJF
El Dorado, Arkansas APPROVED:
DRILLER:  Anderson Engineering PAGE: Tofl
Hollowestem Augered:
Te g
Ewle
BE |3 E
SPT.OR] —=
"ot | Recov Description of Stratum
L o P.Pen. (ts) (m?y :
- 1
R
- 3 4h :
-4 ﬁ 18 Fine Silty SAND; dawp; gray (7.5YR, 7/0); traces of red and gray clay. (SM)
- 5—_
- 6_::1
iy
- 70
- 3‘:5 :
"~ 9T ; T8 Light gray to dark gray (/.3TR, 7/0) Clayey SILT, with traccs of light brown (1746
- 10-}{H | mxysﬁwct;dme.
L 11 -3:4., ! ‘
VA,J i
= IZ-WJF:J
- 13 -4 18 - SILT with lenses of coarse sand and gravel; wet: dense; gray with  (ML/GM)
- 14 A g aagkhmwno.sm.'lm
FREEL L e e e e e e o e e e st o e - t . > e o e wm o~ —— = o — —— - — —-— — —
B . T Endof Borng al 15T 77777

JUN 896 ENVABYZB SB16&5 MWEDC.1S 0 WOOdW&l‘d'Clyde ConSllltantS




SITE EL DORADO CHEMICAL CO.
WELL NUMBER__MW-EDC-15

START 2-13-96
sevatmwar FINISH 2-13-96
CASING - —me22- DRILLING METHOD HSA
DEPTH TO WATER 5.81'
~178.3"
~177.8"
t
D
scoepuee 40
t
4  pyc casING
[ /_— ————
|
L
/—- BENTONITE-CEMENT SEAL
i,
177.8" <
v.::::::: /—- GRANULAR BENTONITE SEAL
175.8" B S Srerrs I NNSTs .
) . - . PVC WELL SCREEN
173.8' R e STy / wIth __10= SLOT OPENING
L= /-— FILTER Pack No. .00
: * . *‘1———r . ‘,. ;;‘
163.8" b f e T
FILE NO.
-Clyde Consultants ‘z
ELDORADO CHEMICALCONPANY | Woodward-Glyde cecogts MONITORING WELL 95B165
o axanecs ——
EL DORADO, ARKANSAS CONSTRUCTION DIAGRAM

SCALE:

DRAWN BY:
CHKD. BY- et

DATE:
DATE:
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Nov 11 98 11:57a ’ . 1-501-223-2996 p.17

LOG OF BORING
PROTECT: Monilor Well Installation BORING: MWEDC-16
LOCATION: El Dorado, Arkansas riLE: 95B165
‘ DATE: 2/12/9%
CLENT:  El Dorade Chemical Company GEOLOGIST:
El Doradu, Arkansus APPROVED"
DRELER: Anderson Engineering PAGE: - lofl
Hollow-stem Augered:

b |8

w

et o P

S.P.T.(b/0)
a R Descrioti

B P.Pen.(uf) (‘mche)ry of §
i
i 15| Moist fine SAND and Silty SAND; tan - white iz color (7.5YR, 7/7). SM)
: 12 Wet Sandy and Silty CLA f; gray i color {/-9YR, 7/0-776). L]
i 4
; i;_ i 0 Wet fine SAND and SILT, s0T; gray In color (7.SYK, 6/0). W1
L 16 3‘
SRVE b R B a v T e S v e EE T L EE R PR R R T

v meawees @ Woodward-Clyde Consultants



ELEVATION OF

casinG _180.14"

START 2-12-96
" FINISH 2-12-96
DRILLING METHOD___ HSA

SITE EL DORADO CHEMICAL CO.

WELL NUMBER MW-EDC-16

5.80°"

~DEPTH TO WATER

“177.! I —
~176." 2% A CONCRETE SEAL
D>
;f\ scenues _40
4" _ pvc casinG
| —
" ”” /—' BENTUNITE~CEMENT SEAL
00030,
X2
(X
0‘0.0
4 0‘0’0
<X
174.8" Y, ,
o /— GRANULAR BENTONITE SEAL
172.8° /i ”A:: | 4" |
170.8' el o 6 W e
: s /-— FILTER pack no. 00
160.8" ‘ =
FILE NC
ELOORDOCHEMCALCONPARY | oot o e & MONTORWGYELL  [osmres
and Environmentcl Sclenils
ELDORADO‘ ARKANSAS Little Rock, Arkan3gs CONSTRUCTION DIAGRAM TR

SCALE: DRAWN 8Y: DATE:
CHKD. BY- = {— DATE:

!




Nov 11 898 11:57a 1-501-223-2986

LOG OF BORING

PROJECT:  Monitor Well Installation BORING:
LOCATIUN: Rl DOradgo, Arkansss FILE:
DATE:

El Dorado, Arknnsss ) APPROVED:
DRILLER:  Anderson Engineering PAGE!

CLENT:  El Dorado Chemical Company GEOLOGIST:

MWEDC-17

95B165
2/13/96

lofl

g Hollow-siem Augered:
%

_DEPTH
{FEET}
SYMBOL

S.P.T.0/ ) rion of §
or RBCOVI: . !xsmm atum
P.Pen.(uh (mch)ry

2| Red (10YR.4/6) Sandy CLAY.

SO

1)
ok
r-

<+l

. 91 _T sand and dark gray clay.

T 2% ; 18 —light gray (SYR-7.5YR, 7/0) fine SAND); damp.

- 30 : 18 —light gray (7.5YR, 7/0) fine SAND and silt; wet.

18 Pinish pray (3YK, 6/2) liae Silty SAND with frace o gray clay.

16 - 12| —light gray (SYR, 6/2) fine Silty SAND; dry; With a trace of @an SAND.

18 "‘hghtgra)' (5YR, 7/1) finc SAND and Silty SAND, with traces of yellow

My

mmm.m; SBI6S MWEDCT @ Woodward-Clyde Consultants
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SITE EL DORADO CHEMICAL CO.

WELL NUMBER__MW-EDC-17

START 2-13-96
Caa_svmzrmﬁaagﬁ 40" / FINISH 2-13-96
DRILLING METHOD HSA
DEPTH TO WATER 27.64"
~183.5"
~182.5"
[
S
D screnus 40
‘ -
u _ 4" evc casnG
™,
'
/—- BENTUNITE-CEMENT SEAL
AS
164.7"
Lo /—- GRANULAR BENTONITE SEAL
162.7" y s ~
o 2 , -
160.7" e ) PVC WELL SCREEN
I R Y e o - 0= "Sior orenmn
: ': " /—- FILTER Pack No. 00
- . ;-':«"'_:'...r .o
150.7° 7':{} 4 ) “. 7—.——l4 " 3
Woodward-Clyde Consuiltants A FILE NO
- e
EL DORADO CHEH‘CAL COMPANY ogonxi%:g EngiZeers, Geclogists ' MON‘TORINGM 95B165
and Emdronmmtcl\ Scisntiats !
EL DORADO' ARKANSAS Ltle Rocx, Arkanios CONSTRUC-“ON DIAGRM o NG

SCALE: | DRAWN 3Y: DATE:
3 BETZ DATE: S 7q£4




