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A. Executive Summary (cont'd)

Abstract: Contamination in low permeability soils poses a significant technical challenge to in-situ
remediation efforts. Poor accessibility to the contaminants and difficulty in delivery of treatment reagents
have rendered existing in-situ treatments such as bioremediation, vapor extraction, pump and treat rather
ineffective when applied to low permeability soils present at many contaminated sites. This technology is
an integrated in-situ treatment in which established geotechnical methods are used to install degradation
zones directly in the contaminated soil and electroosmosis is utilized to move the contaminants back and
forth through those zones until the treatment is completed. This topical report summarizes the results of
the field experiment conducted at the Paducah Gaseous Diffusion Plant in Paducah, KY.

The test site covered 15 feet wide by 10 feet across and 15 feet deep with steel panels as electrodes and
wickdrains containing granular activated carbon as treatment zones. The electrodes and treatment zones
were installed utilizing innovative adaptation of existing emplacement technologies. The unit was
operated for four months, flushing TCE by electroosmosis from the soil into the treatment zones where it
was trapped by the activated carbon. The scale up from laboratory units to this field scale was very
successful with respect to electrical parameters as well as electroosmotic flow. Soil samples taken
throughout the site before and after the test showed over 98% TCE removal, with most samples showing
greater than 99% removal. This high degree of removal is remarkable since some of the pre-test soil
samples indicated the presence of residual pure phase TCE (DNAPL). Analysis of the carbon samples
retrieved from various treatment zone locations showed that overall about 50 percent of the TCE can be
accounted for, which is quite good considering the difficulty in handling TCE and the highly non-uniform
distribution of TCE in the soil. Monitoring TCE levels in the air during the test showed that only about 4%
of the total TCE could have been lost through evaporation. As far as we know, this is the first time that an
organic contaminant could be cleaned up so uniformly from an actual contaminated clayey site. The
Lasagna™ process shows great promise as an in-situ soil remediation technology, especially for low
permeability soils.
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B. Acronyms and Abbreviations

Ca-7
Csmax
DC
DNAPL
DOE

E,

EO
EPA
ESC
FIDAP
GAC
GC-EC
GE

L17-08
MMES
OoH
ORNL
PC
PGDP

ROA
TCE
WKWMA

Area (cross sectional)

Carbon wick sample -4th row from anode, 7th wick.
maximum adsorbed TCE concentration

direct current

dense non-aqueous phase liquid

Department of Energy

electrons

electrochemical reduction potential
electro-osmosis

Environmental Protection Agency

Monsanto's Environmental Sciences Center
mass and heat transfer fluid model

granular activated carbon

gas chromatograph with electron capture detector
General Electric

voltage gradient

Langmuir isotherm adsorption constant
coefficient of electroosmotic permeability

soil core number

Martin Marietta Energy Systems

hydroxide anion

Oak Ridge National Laboratory

personal computer

Paducah Gaseous Diffusion Plant

measure of acid content

volumetric flow rate

Research Opportunity Announcement
trichloroethylene

Western Kentucky Wildlife Management Area




C. Units
°C Celsius, degrees Celsius
cm centimeters
g.gm grams
hr hours
kg kilograms
L liters
mg ‘ milligrams
mA milliamps
sec seconds
us microsemens
Vv volts

wt% percent by weight
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E. Background

Statement of the Problem

Contamination in low permeability soils poses a significant technical challenge to in-sity remediation
efforts. Poor accessibility to the contaminants and difficulty in delivery of treatment reagents have
rendered existing in-situ treatments such as bioremediation, vapor extraction, and pump and treat,
rather ineffective when applied to low permeability soils present at many contaminated sites.

The Solution

The proposed technology combines electro-osmosis with treatment zones that are installed directly in
the contaminated soils to form an integrated in-situ remedial process. Electro-osmosis is an old civil
engineering technique and is well known for its effectiveness in moving water uniformly through low-
permeability soils with very low power consumption.

Conceptually, the integrated technology could treat organic and inorganic contamination, as well as
mixed wastes. Once developed, the technology will have tremendous benefits over existing ones in
many aspects including environmental impacts, cost effectiveness, waste generation, treatment
flexibility, and breadth of applications.

Consortium Description

A Consortium has been formed consisting of Monsanto, E. 1. du Pont de Nemours & Co., Inc.
(DuPont) and General Electric (GE), with participation from the Environmental Protection Agency
(EPA) Office of Research and Development and the Department of Energy (DOE) Environmental
Management Office of Science and Technology. The five members of this group are leaders in their
represented technologies and hold significant patents and intellectual property which, in concert, may
form an integrated solution for soil treatment. The Consortium's activities are being facilitated by Clean
Sites, Inc., under a Cooperative Agreement with EPA's Technology Innovation Office. A schematic
diagram of the government/industry consortium is shown on the front page of this topical report.




E. Background (Cont'd)

Management Plan

A Management Plan for this project was prepared by Monsanto and submitted on November 30,
1994, That plan summarized the work plan which was developed in conjunction with DuPont, GE,
EPA's Risk Reduction Engineering Laboratory (RREL), Martin Marietta Energy Systems (MMES),
and the Department of Energy. The DOE Gaseous Diffusion Plant in Paducah, Kentucky, was chosen
as the site for the initial field tests.

CDM Federal Programs Corporation was chosen to provide the on-site support of the field tests
which were installed at the DOE site in November 1994. This experiment tested the combination of
electro-osmosis and #n-situ sorption in the treatment zones. In 1994 and 1995, technology
development was carried out under the present contract by Monsanto, DuPont, and GE. These studies
evaluated various degradation processes and their integration into the overall treatment scheme at
bench and pilot scales.

Technical Deliverables

Tables E1 and E2 summarize the 13 technical tasks and the 8 topical reports which will be written
describing the results obtained in the technical tasks. These two tables show which organization is
primarily responsible for the tasks and for preparing the topical reports. The present topical report
summarizes the results of tasks 12 and 13.
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E. Background (Cont'd)

Table E1. List of Tasks and Responsible Company

DuPont

Task 1 - Evaluation of Treatment Zone Formation Options

Task 2 - Electrokinetic Model Validation and Improvement GE

Task 3 - Design Guidance for Field Experiments GE/DuPont

Task 4 - Analysis of Electrode Geometry and Soil Heterogeneity GE/DuPont

Task 5 - Cost Analysis DuPont/Monsanto

Task 6 - Lab-Scale Development of Microbial Degradation Process DuPont

Task 7 - Lab-Scale Electrokinetic and Microbial Degradation Monsanto

Task 8 - Lab-Scale Tests of Lasagna Process Using DOE Paducah Soil Monsanto

Task 9 - TCE Degradation Using Non-Biological Methods GE/Monsanto

Task 10 - Bench- and Pilot-Scale Tests Monsanto

Task 11 - Establish Contamination Conditions Before and After Tests Monsanto/DuPont/
MMES

Task 12 - Design and Fabrication of Large-Scale Lasagna Process onsanto/DuPont/ Nilex

Monsanto/CDM

Task 13 - Large-Scale Field Test of Lasagna Process

Table E2. List of Topical Reports and Responsible Company

Task 1 - Evaluation of Treatm

Tasks 2 - 4 Electrokinetic Modeling GE
Task 5 - Cost Analysis DuPont
Task 6 - Laboratory-Scale Microbial Degradation DuPont
Tasks 7, 8, 10 - Bench- and Pilot-Scale Tests of Lasagna Process Monsanto
Tasks 9 - TCE Degradation Using Non-Biological Methods GE
Task 11 - Contamination Analysis, Before and After Treatment Monsanto
Tasks 12 and 13 - Large-Scale Field Test of Lasagna Process Monsanto
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F. Topical Report of Tasks 12 & 13

INTRODUCTION

Contamination in low permeability soils poses a significant technical challenge to in-situ
remediation efforts. Poor accessibility to the contaminants and difficulty in delivery of treatment
reagents have rendered existing in-situ treatments such as bioremediation, vapor extraction, and
pump and treat rather ineffective when applied to low permeability soils present at many
contaminated sites.

A novel, in-situ technology aimed at cleaning up contamination in heterogeneous or low-
permeability soils is being developed. The new approach involves the synergistic combination of
electro-osmosis with other technologies. Used since the 1930s for dewatering clays, silts, and fine
sands (1), electro-osmosis (EO), or more generally electrokinetics, has recently received
increasing attention as an in-situ method for soil remediation (2-7). Water injected into the soil
at the anode flows by electro-osmosis through the contaminated soil, bringing the contaminants
(metals, organics) to the surface at the cathode region for further treatment or disposal.

Advantages with electro-osmosis include uniform water flow through heterogeneous soil, high
degree of control of the flow direction, and very low power consumption. As currently
practiced, however, the technology suffers several limitations associated with electro-osmosis for
large-scale remedial applications. These include low speed (liquid flow induced by electro-
osmosis typically moves about 1 inch per day for clay soils), additional aboveground treatment,
unstable long-term operation resulting from soil drying and cracking, steep pH gradient in the soil
bed, and precipitation of metals and minerals near the cathode (4,5,7). The pH changes primarily
result from water electrolysis as the predominant electrode reactions, generating acid at the anode
and base at the cathode according to the following reactions:

Anode: 2H,0 - 4¢ > 0, + 4H' E, =-1.23 volts
Cathode: 2H;0 + 2¢ — H, + 20H E, = -0.83 volts

where E, is the standard electrochemical reduction potential. Recent efforts to mitigate the pH
problem primarily involve conditioning the anode and cathode solutions through external
recirculating loops (8,9).

Monsanto’s new approach is an integrated in-situ treatment in which established geotechnical
methods are used to install degradation zones directly in the contaminated soil and electro-
osmosis is utilized to move the contaminants back and forth through those zones until the
treatment is completed. Conceptually, the integrated technology could treat organic and
inorganic contamination as well as mixed wastes. The process has been given the nickname
"Lasagna" due to the many layers created (10,11). Diagrams of the vertical and horizontal
Lasagna™ process configurations are shown in Figure 1.
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A consortium of industry (Monsanto, DuPont and General Electric) was formed in collaboration
with the Department of Energy (DOE) and Environmental Protection Agency (EPA) to combine
expertise and resources for accelerating the development of this technology. The collaboration
led to a field experiment of the Lasagna™ process at a DOE site in Paducah, KY, that has clayey
soil contaminated with trichloroethylene (TCE). The Paducah Gaseous Diffusion Plant (PGDP)
site was chosen from a list of Department of Energy sites based on two major criteria: low-
permeability soil and a single chlorinated contaminant without heavy metals or radionuclides.
DOE contributed by providing the contaminated site in Paducah for the test, soil sampling and
analysis support (through Martin Marietta), and funds through a Research and Opportunity
Announcement (ROA) grant. The entire project, including laboratory research and field work
was about one million dollars. CDM-Federal, Inc., was hired by the consortium to construct and
manage the field experiment. The field unit was constructed in November and December 1994,
began operating in January 1995, and was completed in May 1995. This report documents this
Phase I Lasagna™ field experiment.

OBJECTIVES OF THE FIELD EXPERIMENT

The purpose of this field test was to experiment with the coupling of electro-osmotic removal of
TCE from the contaminated soil with in-sifu adsorption by activated carbon in treatment zones in
the vertical configuration. This was the initial phase of the Lasagna™ project, to be followed by a
second phase incorporating in-situ degradation of TCE, either chemically or biologicaily.

The major technical objectives for conducting the field test included studying the scaled-up
characteristics of key operating parameters as well as the effectiveness of TCE removal. Some
important operating issues involved:

* design, installation and cost of treatment zones

* electrical effects of voltage, current, power, soil conductivity, heating, etc.

* electrokinetic effects such as electro-osmotic flow, pH profile, solution

conductivity, responses to polarity & flow reversal, and long-term operation

Issues related to TCE removal included:

* extent of soil cleanup

* effectiveness of carbon adsorption in an electro-osmotic environment

* overall mass balance.

Field data were also needed for the development of a mathematical model of the process and for
refining the estimate of remediation cost.
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F. Topical Report of Tasks 12 & 13 (Cont'd)

MATERIALS & METHODS
SOIL AND CARBON ANALYTICAL PROCEDURES

Soil sampling was carried out by Oak Ridge National Laboratory (ORNL) under the direction of
Martin Marietta Energy Systems (MMES). TCE was extracted from the soil with hexane. Soil
analysis was performed at the site using a gas chromatograph equipped with an electron capture
detector (GC-EC). Carbon sampling was performed by ORNL and ESC. Carbon analysis was
performed at the Monsanto Lab in St. Louis using GC-EC. The TCE was extracted from the
carbon using hexane. Details of the sampling and analytical protocols and methods can be found
in the Topical Report for Task#11 report issued by Monsanto.

EXPERIMENTAL SETUP

The location of the test site at the Paducah plant is depicted in Figure 2. The field test covered a
soil section 15 feet long by 10 feet wide and approximately 15 feet deep. '

Electrodes and Treatment Zones Setup: The electrode zones consisted of 8 electrode wicks side
by side at each end of the field unit installation. There were a total of 4 treatment zones installed

consisting of 11 or 12 individual wicks placed side by side in a staggered configuration. The
treatment zones were installed with 21 inches of soil between each zone. Figure 3 shows the
layout of the field unit wicks. Two wicks in each row contained a special sampling cassette 6
inches wide. A stainless steel shell with 50 percent open area was constructed to hold a 6 inch
wide section of wick drain. These cassettes could be retrieved during or at the end of the
experiment for TCE analysis.

A control wick was installed at the west end of the unit and isolated hydraulically by a wall of
sheet piling surrounding 3/4 the perimeter of the control zone. The control zone wick was
constructed with a sampling cassette.

Emplacement: The construction of the treatment zones and electrodes was overseen by DuPont
and described in detail in Topical Report for Task #1. A novel installation technique was .
developed and carried out with the assistance of NILEX corporation of Englewood Co. The
treatment zones were comprised of a series of individual "wicks" 18.5 inches wide and 15 feet
long placed vertically next to each other to create a curtain 15 feet wide and 15 feet deep and 1
inch thick. The wick material was made from a roll of Hydraway® wick drain material
manufactured by Monsanto. The wicks were cut to length, filled with granular activated carbon
(FiltraSorb - 400® from Calgon) and encased in a geosythetic filter fabric cover (Typar® from
Remay). Each wick also had a 15 foot length of 1/2" polyethylene tubing running the full length
of the wick to allow water samples to be taken from any wick and for water level control in the




F. Topical Report of Tasks 12 & 13 (Cont'd)

electrdde wicks. The electrode wicks also contained a section of 1/4 inch thick plate of carbon
steel 15 feet long and 15 inches wide.

The wicks were installed using a modified sheet piling installation technique. A 10 ton vibratory
hammer mounted on a 25 foot high mast tower was connected to a steel mandrel sleeve that
moved vertically. A steel shoe was designed to open the hole and allow the mandrel to penetrate
through the gravel and clay layers to a depth of about 15 feet below grade. The wick was then
inserted into the mandrel and the mandrel was removed leaving the shoe and wick in place. A
total of 46 treatment wicks and 16 electrode wicks were installed.

Water Management System: The fluid circulation was handled as depicted in Figure 4.
Individual overflow tubes are inserted each into a cathode panel down to about the clay level. A
pump was used to lift liquid from the cathode compartments into the cathode collection tank,
which overflows into the anode supply tank through the electromagnetic flowmeter. Another
pump was used to circulate the liquid on the anode side through the anode tank. Liquid levels
were controlled using two 8-head peristaltic pumps. Each pump was used to siphon the water in
the electrode wicks; one 8-head pump for the anode, one for the cathode. Siphon tubes were
placed in each electrode wick to a depth of S feet below grade to control the water level at that
point. Each pump exhaust went to a collection tank. The cathode collection tank fed the anode
collection tank by gravity through a flow meter. Since electro-osmotic flow moves from anode to
cathode, the cathode tank filled and drained to the anode tank at whatever the electro-osmotic
flow rate happens to be. The anode collection tank was equipped with a flushing system which
allowed the water to drain back to the anode wicks.

To help keep the water handling systems from freezing and to help secure the area, a temporary
plastic enclosure was constructed over the test site including the water tanks. The air discharge
from the cooling radiator for the electrical generator was used to blow warm air into the
enclosure. A vent was placed at the opposite corner to allow air to leave the enclosure. This vent
was later used to monitor TCE volatilization.

Power Supply and Data Acquisition System: Power to the test site was supplied with a diesel-
run Kubota Power Generator GV-3190Q rated at 18 kw. Two Sorenson 300 volt, 35 amp power
supplies provided the DC power to the field unit. The power supplies were connected in parallel
to provide the required current.

A total of 12 thermocouples and 7 multi-depth voltage probes were installed in the unit. The
thermocouples were installed at various depths and locations to monitor the temperature rise in
the soil due to resistive heating. Each voltage probe measured the voltage potential at 2 foot
intervals vertically. Figure 5 shows the layout of the voltage and temperature probes. A PC
based data acquisition system was installed to monitor the operation of the unit. Twelve channels
were monitored by the data acquisition system: 8 temperature points (two T3 points in the middle
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F. Topical Report of Tasks 12 & 13 (Cont'd)

soil section, one at one of the electrodes, and one at the control area), total voltage, current for
each power supply, and total flow rate. Duplicate manual measurements were made periodically
along with the voltage potentials and the pH and conductivity of the electrode fluids.

Electro-osmotic Permeability Calculation: The electro-osmotic permeability can be calculated
using the following equation:

Q=kiA

where Q = volumetric flow rate by electro-osmosis (cm3/sec)
k.= coefficient of electro-osmotic permeability (cm*/volt-sec)
i.= wvoltage gradient applied across the soil mass (volt/cm)
A = cross-sectional area perpendicular to the direction of flow (cm?)

Note that the electro-osmotic flow is proportional to the applied voltage gradient, and that the
electro-osmotic permeability has the units of velocity over field strength (cm/sec over volt/cm).
The cross sectional area was about 81 cm? for the standard laboratory unit, 2600 cm? for the pilot
(bathtub), and 2.09 x 10° cm? for the field unit.

RESULTS & DISCUSSION
SITE & SOIL CHARACTERISTICS

The Paducah experiment site consisted of a 4 to 5 feet of a gravel and clay mixture over about 40
feet of TCE contaminated sandy clay loam. The hydraulic conductivity of the sandy clay loam is
estimated to be about 1x10”7 cm/sec. The hydraulic conductivity of the gravel/clay overfill has not
been determined.

Clean Soil: Prior to the field test, a load of clean soil was obtained from the Western Kentucky
Wildlife Management Area (WKWMA) site near the Paducah Gaseous Diffusion Plant. This soil
was judged similar to the contaminated soil at the Paducah plant. Table 1 summarizes some
characteristics of this clean soil. It was characterized as a clay loam, and contained approximately
0.2% organic carbon. Due to its very low organic content, the soil adsorbs very little TCE.
Figure 6 shows the TCE adsorption isotherm for the soil. The Langmuir fit of this data gives a
Camax (maximum adsorbed amount) of 4.5mg/kg and an adsorption constant, K, of 4.73 mg/L.
Since the average TCE level in the contaminated soil at the test site was over 80 mg/kg, which
translated to an average concentration in the pore water of almost 400 mg/L, most of the TCE at
the site was probably not bound to the soil, and should readily move with the passing water. This
clean soil was also used in the pilot (bathtub) unit for assessing long-term electro-osmotic
performance and the heating effects.
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Contaminated Soil: Four intact soil cores from the contaminated site were taken and analyzed by
GE for moisture contents, wet and dry soil density. A summary of the results is shown in Table
2. The average wet soil density is 1.983 g/cm3, moisture content is 18.5 wt% of wet soil, and
solid density is about 2.6 g/cm®. The electrical conductivity of the L17-08 core was measured as
a function of temperature using the four-point method (12); it was found to increase steadily with
temperature from 4°C to 70°C, shown in Figure 7 along with the fitted equation.

Electro-osmotic characteristics of the Paducah soil were studied in the laboratory with the
sections of contaminated soil core samples re-packed in a standard, glass electro-osmosis unit (9
cm inside diameter, 14.5 cm in length for the soil column). Steel plates were used as electrodes
and four activated carbon zones, each 1 cm thick and 3 to 3.5 cm apart, were packed with the
soil. For an applied voltage of 10 V, the current stabilized overnight to 11 mA. The electro-
osmotic permeability obtained was calculated to be 1.2 x 10”° em?/V-s, which is a typical value for
clayey soils.

FIELD RESULTS

The field unit was constructed during November and December 1995. The experiment was
started (power on) on January 3, 1995 and lasted for four months. The voltage was then reversed
for about one week, primarily to collect voltage and current data, before the power was turned
off. Key operating characteristics of the test are reported below.

Voltage and Current: The initial voltage was set at 138 volts and the corresponding current was
approximately 41 amps. This also happened to be the maximum current a single generator could
handle. With the current held constant at 40 amps, the voltage slowly decreased with time and
stabilized at 105 volts after one month of operation. The lower voltage was due to the soil
heating up (discussed below), which increased the electrical conductivity of the soil. The voltage
gradient ranged from 0.45 to 0.35 volts/cm. The voltage drop across the unit was fairly linear and
did not change over the course of the experiment (Figure 8). Total voltage and current profiles
are shown in Figure 9.

The current distribution among the individual wicks at the anode and cathode were measured
twice during the test. The first set of data was taken January 24 (3 weeks into the test) and shows
an expected current distribution. The current through the end wicks was slightly higher than the
center wicks. This was probably due to current leakage from the system around the edges of the
unit. The second data set taken at the end of the test shows a slightly more random current
distribution. The current difference is probably due to different corrosion rates of the individual
wick electrode plates. Figure 10 shows the current distribution data.

Electrokinetic Effects: During the first month, an electro-osmotic flow rate of about 2 L/hr was
measured, which was less than one half of the predicted value based on the bench-scale’s
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measurements. This resulted from plugging of the cathode siphon tubes, causing water to
"overflow" the cathode wicks. Once this problem was corrected, the flow rate averaged
approximately 4 to 5 L/hr, corresponding to an electro-osmotic permeability of 1.2 x 10° cm*/V-
s. This value, as well as the water flow rates, thus agreed very well with the lab scale data.

With the first month’s flow rate corrected to a value of 4 L/hr, the unit moved three pore
volumes of water (between adjacent treatment zones) over the 4 month operating period. Figure
11 shows the flow rate and the corresponding pore volumes during the field test. A spreadsheet
of the recorded field data is included in Appendix A. Appendix B contains the logged data from
the data acquisition system.

Conductivity and pH: The pH of the anode fluid decreased from near neutral at the beginning to
between 5 and 6 for most of the test. This mild pH behavior for an electro-osmosis experiment
was a direct consequence of iron corrosion rather than water electrolysis as the predominant
anodic reaction, which had also been observed in laboratory units. During the last month of the
test, however, the anode fluid pH dipped rather unexplainably down to 2-3. The pH of the
cathode fluid increased rapidly to around 12 and stayed there for the whole experiment, which is
normal for electro-osmosis due to the electrolysis of water generating OH at the cathode.

The conductivity of the anode solution ranged between 1000 to 3000 uS/cm for most of the test,
except near the end when it fluctuated widely with occasional spikes up to 25,000 pS/cm. The
prime ion species were iron and chloride. This behavior was probably related to the low pH noted
above during this period, which leads to solubilization of many salts. The cathode solution
conductivity was fairly constant at around 10,000 uS/cm with the primary ion species being
sodium. These values were consistent with the laboratory data. A plot of pH and conductivity
values over time are shown in Figure 12. At the end of the test, water samples were taken from
every wick to determine the distribution of anions, cations, pH and specific conductance. A table
of final water quality data is included in Appendix C.

Temperature Effects: The initial temperature of the soil at the 10-foot depth was 15°C. The
temperature rise at various locations due to the electrical power is shown in Figure 13. The core
temperature (hottest spot) reached a maximum of 45.2°C at the end of the test. Notice the
control zone temperature also increased. A possible reason for the increase in temperature in the
control zone is that stray current could flow through it, causing heating. Or it could be from
thermal conduction due to the proximity of the control zone to the anode (less than one foot).

To predict temperature rises in field experiment, a mathematical model was developed by Andrew
Shapiro of General Electric using FIDAP®, a commercial computational fluid dynamics program.
The governing equations included energy transport by conduction, electro-osmotic convection,
and heat generation from Joule heating. Temperature dependencies of electrical conductivity and
electro-osmotic permeability were accounted for. Specific examples simulating possible scenarios
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for the Lasagna™ pilot test in Paducah, KY, were studied. Based on the lab k. value and
estimated thermal conductivity and heat capacity of the soil, the operating current was to be set to
40 amps, which would keep the temperature of the unit below 50°C. With the appropriate values
for thermal conductivity and heat capacity of the soil, the model predictions correspond very well
with the field data as shown in Figure 14.

Polarity Reversal: The polarity was reversed for 1 week at the end of the test to determine how
the field unit would respond. The unit was operated at a reverse voltage of 90 volts and a current
of 39 amps. The unit responded very similarly to the laboratory and "bath tub" size experiments.
There was an increase in electrical conductivity of the soil when the polarity was reversed and the
pH at the electrodes was shifting from high to low at the new anode and from low to high at the
new cathode. These results indicate that polarity reversal can be readily utilized in the field, if
needed for reversing flow or neutralizing pH and/or osmotic gradients.

Overall, the field unit behaved very much like the laboratory and pilot size experiments. The
unit scale-up was almost exact. The electro-osmotic conductivity, pH and conductivity trends,
power requirements, temperature trends and operational stability all were in agreement with
laboratory results.

TCE REMOVAL AND MASS BALANCE

Pre-Test Soil Samples: Prior to the installation of the LasagnaTM field unit, soil samples were
taken and analyzed by Oak Ridge National Laboratories (ORNL) personnel. A total of 12 bore
holes were made with samples taken every 1 foot to a depth of 15 feet below ground surface.
Nine bore holes were completed within the boundary of the Lasagna™ unit, two in the control
area and one to the outside west of the unit. Figure 15 shows the locations of the bore holes with
respect to the wicks. The results show TCE concentrations in the soil ranged from 1 mg/kg to
over 500 mg/kg with an overall average of 83.3 mg/kg for the 12 bore holes from 4 to 15 foot
depths (Table 3). The average concentration of TCE within the test site (15' x 15' x 10") is almost
the same, 83.2 mg/kg, resulting in a total amount of TCE of about 9.25 kg.

Intermediate Carbon Samples: In order to assess the progress of the test, the carbon cassette
from wick C-7 was removed for analysis after 2 pore volumes of water exchange had occurred.
Carbon samples were taken every foot from 3 to 15 feet. TCE levels on the carbon were found to
be quite high, ranging from several thousand to over 10,000 mg TCE/kg carbon (Figure 16). This
indicates that TCE was being effectively flushed from the soil and trapped on the carbon. Also
shown in Figure 16 are the additional amounts of TCE trapped on the fresh carbon inserted into
cassette of wick C4-7 for the remainder of the test (1 additional pore volume). The data show
that, except at the lowest depths, little additional TCE was trapped by the carbon, which indicates
that the soil was probably clean of TCE.
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Post-Test Soil and Carbon Samples: At the completion of the test (3 pore volumes total), all
carbon sampling cassettes were removed and analyzed in the same manner as the intermediate
samples. Soil samples were also taken. Twelve bore holes were dug near the original pre-test
bore holes to a depth of 15 feet and slightly lower. Results in Table 4 show very high as well as
uniform removal of TCE from the treated soil. The final soil concentrations were generally below
1 mg/kg, with an average of 1.1 mg/kg for the 9 bore holes within the test boundary. TCE
removal ranged from 92.4 to 99.8%, with an overall average of 98.4%. The soil samples taken
either outside or deeper than the test zone (below 15 feet) still showed substantial amounts of
TCE present. TCE removals outside the test boundary were 26% and 51% from the two spots in
the control zone, and 68% from the west of the Lasagna™ unit. The TCE removal in the control
zone was probably due to diffusion into the carbon wick (see modeling below). The removal in
the area to the west was probably due to both migration and diffusion from the anode area and/or
sampling inaccuracies. Despite significant degrees of removal from the control areas, the definite
contrast between TCE levels in the soils within the treatment area and without (outside or deeper)
is quite remarkable and shows conclusively the effectiveness of the process for cleanup of the
contaminated soil.

Several of the pre-test soil samples showed TCE concentrations greater than 225 mg/kg (12
through 15 foot samples of borehole L-08). These values would indicate a residual DNAPL
situation since a soil TCE concentration of 225 mg/kg corresponds to an equilibrium pore water
concentration of 1100 mg/l - based on a bulk soil density of 2 g/cc, a porosity of 0.4 (see Table
1) and subtracting 4.5 mg TCE/kg soil from the total due to adsorption. In these likely DNAPLs
locations, TCE levels were reduced to less than 1 mg/kg, except for the 15 foot deep sample
which was reduced to 17.4 mg/kg. These results show that the process could be effective for
removing residual DNAPL TCE from the soil.

TCE Mass Balance: Attempts were made to determine the mass balance for TCE taking into
account the amounts in the soil before and after the test and the amount trapped on the carbon.
This is a complex task due to the following reasons:

a) TCE levels in soil varied in all directions, so an averaging process was needed.

b) Not all the soil samples were taken directly in front of the corresponding carbon
cassettes, so another estimating procedure was required.

c) The carbon cassettes were installed at the site about a month before the experiment
actually started. So some TCE from the soil was lost due to passive diffusion to
the carbon cassette in the back row opposite the direction of electro-osmotic flow.
Based on diffusion modeling (Table 7 below), the loss could be about 5%.

d) Volatilization of TCE from the soil into the atmosphere did occur to some extent.
Estimates calculated from measurements of the air samples (shown below)
indicated that the volatilization loss was less than 5% of the total.

e) Possible TCE degradation reactions.

F-9
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Because of the above complications, the mass balance results ought not to be viewed as more
than a gross indication of the fate of TCE.

Contour maps of TCE levels in the treated area were obtained by DuPont using a kriging method.
The maps are shown in Appendix D. Table 5 shows the estimated TCE levels in soil in front of
each carbon wick that contained a carbon cassette. Table 6 shows the mass balances obtained
for various locations, each from 4 to 15 foot depth. As can be seen, the mass balance ranges from
20 to 80%, with an overall average of about 50%. These numbers are judged to be excellent
considering the uncertainties mentioned above. A copy of the individual sample data is included
in Appendix E.

Volatilization Test: To identify possible loss of TCE through volatilization, the air in the unit
enclosure was sampled two times during the test using dosimeters passively exposed to the
flowing air stream for about 48 hours. The forced air draft caused by the generator cooling
system was measured to be 300 cubic feet per minute (CFM). The first sampling performed on
Jan 24, 1995 resulted in an emission rate of 2.3 gm TCE per day. The core temperature of the
Lasagna™ unit was 29.5C at this time. The second sampling was performed on March 2 when
the core temperature of the unit was 35°C. The TCE emission rate was for that sampling was 3.2
gm per day. Dosimeters placed in the inlet air duct (from the generator) showed non-detectable
amounts of TCE. An emission rate of 3.2 grams per day for a period of 4 months results in an
estimated 4% loss of TCE through volatilization. Figure 17 shows the monitoring locations and
the sampling results for the second test.

Role of Diffusion: Due to the significant removal of TCE in the mnﬁol area, the effect of
diffusion on the removal of TCE from the contaminated soil was modeled. The model assumes

slab configuration of 22 in-thick soil mass bracketed with infinite sinks (zero TCE
concentration in the carbon wick drain), which is essentially correct since the activated carbon
used has very high capacity for TCE (500 mg/g carbon) compared to the amount of TCE in
soil (equivalent to less than 15 mg TCE/g carbon).

no retardation from soil interaction, a good assumption due to the very low adsorption of TCE
(maximum amount adsorbed = 4.5 mg TCE/kg soil)

The problem is similar to the unsteady state heat conduction in slab. The differential equation for
unsteady state diffusion of TCE from the soil matrix is

&C C
—_=D‘82

¢y

ot ox’
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where C(x,t) is the concentration of TCE in pore water at time t and position x
t is the elapsed time
D, is the effective diffusion coefficient for TCE in the pore water of the soil matrix.

With 7 as the soil tortuosity, D, = D/t

For diffusion in/out from both sides of the slab held at a constant surface concentration (C,) and
uniform initial concentration of TCE in the soil, the analytical solution (13) to equation 1 is

_C_{_;_g_ﬂ = %(e-a:Nn + _I_e-9alNrc + __1_6-25a1Npo + )

Cs: - Co n 9 25

Where

C..  constant concentration at either surface of the slab

C..  average concentration in the soil at time t

C,.  initial concentration of TCE in the soil matrix

Ne:  Fourier number, defined as D, /5”

s: 1/2 of the slab thickness
a, = (n/2)°
The results are shown in Table 7a-b in percents of TCE removal from the soil for various spacing of
two adjacent carbon treatment zones and for temperatures from 15 to 60°C.  The effects of
temperature on water viscosity and TCE diffusion coefficient are estimated as follows.

Cragoe’s equation for water viscosity from 15 to 60°C:

0.001467(T°C-20)> ]

[1.2348(20-T°C) -
(T°C+96)

Ui20(T°C)=1.0019%10

Hayduk-Laudie equation (14) for TCE diffusivity:
Dy,=13.26x 10-5 [lyzo.“VmE'o'ssg

‘where Vrer is the molal volume of TCE at its normal boiling point and is equal to 101.5 cm*/gmol.
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As can be seen in Table 7a for the 22 in carbon zones spacing, TCE removal by diffusion after four
months is 20.3% at 15°C, 24.1% at 25°C, and 29.9% at 40°C. These levels are way below the
removal levels obtained in the treated soil of the field test. It is interesting that after 10 years passive
diffusion can remove over 90% of TCE in the soil at 15°C. However, larger and more realistic
treatment zone spacings of S to 7 feet drastically reduce the amount of TCE removal by passive
diffusion. As shown in Table 7b, after 10 years the TCE removal by diffusion alone is less than 50%
for a 5-foot spacing, and about 35% for the 7-foot spacing.

CONCLUSIONS

The Lasagna™ process has been shown effective for removing TCE uniformly from the
contaminated clayey soils at the DOE Paducah site. After 3 pore volumes exchange of water,
TCE removal was over 98%, with most samples showing over 99% removal. The process also
seems effective for removal of residual DNAPLSs, thought to be present at the lower depths due to
the high TCE concentrations found in the soil there.

The Lasagna™ process appears to scale up very well. Overall, the field unit behaved very much
like the laboratory experiments. The electro-osmotic conductivity, pH and conductivity trends,
power requirements, temperature trends and operational stability all were in good agreement with
laboratory results.

The data obtained in this first Lasagna™ field experiment were also valuable in refining the
mathematical model of the process and the economic estimates of the treatment cost.

F-12




F. Topical Report of Tasks 12 & 13 (Cont'd)

ACKNOWLEDGMENTS

The following people contributed directly to the Lasagna™ project

MONSANTO:

DuPONT:

GENERAL ELECTRIC:
CDM FEDERAL.:

APL:

NILEX

MARTIN MARIETTA:

ORNL:

WKWMA:

EPA-Cincinnati

CLEAN SITES
DOE

BATTELLE - PNL
SAIC

University of Cincinnati

Sa Ho, Chris Athmer, Mason Hughes, Wayne Sheridan,
Robert Orth, David McKenzie, Phil Brodsky, John Matthews,
Kevin Depperman, Alan Jackson, Randy McKee.

Steve Shoemaker, Rich Landis, Dale Schultz, Ron Griffith,
Gary Quinton

Joe Salvo, Andy Shapiro, Roy Thomnton

Bob Hines, Mark Shelby, Ricky Scott

Van Rudolph, Stephen Willett, Lawrence Warran, Randel Story
James Cramer, P.J. Reddington, Dean Tomlinson

Jay Clausen, Frazier Johnstone, Thomas Early, Jim Ballard and
many others.

John Zuttman, Doug Pickering, Mark Mumby, Frank Gardner,
Steve Smith, Steve Sturm, Shawn Mather

Charlie Logsdon

Taras Bryndzia, Lee Vane, Michael Roulier, Wendy Davis-
Hoover, Jonathan Herrmann

Greg McNelly, Melinda Holland

Myrna Redfield, Kelly Pearce, Jeffry Walker
Mary Peterson

Dennis Kelsh

Larry Murdoch, Stephen Vesper

F-13




F. Topical Report of Tasks 12 & 13 (Cont'd)

REFERENCES

1. Casagrande, L. J. BSCE, 39:51-83 (1952).

2. Shapiro, A.P., Renaud, P. and Probstein, R. “Preliminary Studies on the Removal of
Chemical Species from Saturated Porous Media by Electroosmosis” In Physicochemical
Hydrodynamics, Vol. 11, No. 5/6, pp. 785-802 (1989).

3. Hamed, J., Acar, Y.B. and Gale, R.J. ASCE, Vol. 112, pp. 241-271, February (1991).

4. Bruell, C. J. and Segall, B. A. J. Environ. Eng., Vol. 118, No. 1, pp 68-83, Jan/Feb 1992.

5. Segall, B. A. and Bruell, C. J. J. Environ. Eng., Vol. 118, No. 1, pp 84-100, Jan/Feb
1992.

6. Acar, Y.B,, Li, H. and Gale, R.J. ASCE, Vol. 118, No. 11, pp. 1837-1852, November
1992.

7. Shapiro, A.P. and Probstein, R.F. Environ. Sci. Technol. 27, pp. 283-291, 1993.

8. R. Lageman “Electroreclamation - Applications in The Netherlands” Environ. Sci.
Technol., pp 2648-50, Vol. 27, No. 13, 1993.

9. Y. B. Acar and A. N. Alshawabkeh “Principle of Electrokinetic Remediation” Environ.
Sci. Technol., pp 2638-47, Vol. 27, No. 13, 1993.

10.  Sa V. Ho, P. Wayne Sheridan, Christopher J. Athmer, Michael A. Heitkamp, Joan M.
Brackin, Deborah Weber, Philip H. Brodsky "Integrated in situ Soil Remediation
Technology - The Lasagna Process" Environ. Sci. Tech., vol 29., No. 10, 2528-2534
(1995).

11. P.H. Brodskyand S. V. Ho "In-Situ Remediation of Contaminated Soils” US Patent
5,398,756, issued Mar. 21, 1995.

12.  Telford, WM., Geldard, L.P. and Sheriff, R E. Applied Geophysics, Chapter 5,
pg-288, 2nd ed., Cambridge University Press (1990).

13.  McCabe, W.L., Smith, J.C. And Harriott, P. “Unit Operations of Chemical Engineering”, 5th
ed. , Chapter 10, pg 301 McGraw-Hill, Inc. (1993)

14.  Hayduk, W. and H. Laudie, AIChE J. 20:611 (1974).

F-14




F. Topical Report of Tasks 12 & 13 (Cont'd)

Table 1. Paducah WKWMA Clean Soil

Characteristics
Soil Type: - Clay Loam
Sand Content: 22 Percent
Silt Content: 46 Percent
Clay Content: 32 Percent
Moisture Content: 15-18 Percent
Organic Carbon Content: 0.2 Percent
Cation Exchange Capacity: 13.4 meq/100 g
Porosity: 0.4
Bulk Density: 2.0 g/cc

Table 2. Paducah Contaminated Soil Cores Physical Data

Core# pH Conductivity Moisture
(avg) (uS/cm) % )
L17-04 6.05 115 19.5
L17-06 6.80 105 20.0
L17-08 5.80 70 6.7
L17-10 7.20 315 22.4
Electroosmotic Conductivity 1.2x10-5 cm2/v-sec

Hydraulic Conductivity (estimated) 1 x 10-7 cm/sec
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Table 3. Average TCE Levels in Soil Prior To Treatment
Paducah Drop Test Site (Samples from 12 locations)

Estimated TCE
TCE, mg/Kg Soil in Water, mg/L
Depth MinimumMaximum Mean Maximum
4 8.60 61.6 228 308.0
5 1.00 63.1 345 3155
6 1.00 794 383 397.0
7 260 1145 45.1 5725
8 2.30 794 444 397.0
9 5.90 129 60.3 645.0
10 780 1389 79.5 694.5
11 6.90 165.1 109.7 825.5
12 2.60 292 140.6 1460.0
13 470 4025 1502 2012.5
14 210 5073 1514 2536.5
15 320 2373 1232 1186.5
Average 4.06 189.2 833
TCE Solubility in Water @ 25°C =1100 mg/L
600
EMinimum
3 500 OMean
‘g, = Maximum
x 400
=)
£
ui 300
O
-
200
100
0 o

le(DNmmOFN(')’?’_

Depth, Feet

15 )
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Table 7. Model of TCE Removal by Diffusion in Paducah Soil

Model assumptions & parameters:

o diffusion in a slab

¢ carbon treatment zones as infinite sinks

« no retardation of TCE due to interaction with the soil matrix
o soil porosity = 0.4 ; soil tortuosity =3

e Dre=1.03x10-5cm2/sec @25C

Paducah Soil
Ave. TCE = 85 mg/kg

Carbon Zone
Carbon Zone .

Carbon Zones Spacing = 22"

4 months
1 year
5 years

10 years

I 7b. % TCE Removal at 25°C
Exposure Time | 3-ft spacing 5-ft spacing 7-ft spacing
1 week 7.3 6.9 6.8
4 months 156.0 10.1 8.5
1year 256 16.6 11.7
5 years 57.1 344 246
10 years 77.3 48.6 34.8
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Bore Hole

DQI'

Horizontal Configuration of the Lasagna Process

Treatment

Vertical Configuration of the Lasagna Process

Figure 1. Lasagna Configurations
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Figure 8. Voltage Distribution Across Electrodes  Distance from
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F. Topical Report of Tasks 12 & 13 (Cont'd)

Current Distribution for Fleld Test 1/24/95
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F. Topical Report of Tasks 12 & 13 (Cont'd)
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F. Topical Report of Tasks 12 & 13 (Cont'd)

Temperature (°C)

—o—Cathode 10° oeep}
8- Center & Deep
+ Center 10’ Deep
(Core}
~¥-~West 2 South

~%-—Anode 10’ Deep

—&—Control 10’ Deep

T t Deg C
N enb\rera gure (2;93) 5 8

hry

Time (Days)

Figure 13. Temperature Rise a Various Locations

l Power off

45

40

35

30

25

20 % » Center 5 foot deep
15 * Center 10 foot deep
10 ——Model 5 foot deep

5 —=—Model 10 foot deep
oo 20 40 60 80 100 120 140 160 180

Time (days)

Figure 14. Comparison of Model and Actual Temperatures

F-31
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F. Topical Report of Tasks 12 & 13 (Cont'd)
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F. Topical Report of Tasks 12 & 13 Appendix A.

APPENDIX A
RECORDED DATA SPREADSHEET
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F. Topical Report of Tasks 12 & 13 Appendix B.
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COMPUTER LOG DATA
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F. Topical Report of Tasks 12 & 13 Appendix B.

LABTECH NOTEBOOK Data Logged by on-site computer
Data file
Time is 10:49:21.67.
Date is 1-03-1985.
ET. Voitage |Current! |Current2 |FlowRate {Coretemp |T5 ixd T10 T12 T1 T1 T1
— Hours  |Volts {Amps Amps Vhr DegC [DegC |DegC [DegC Deg C Deg C Deg C Deg C
1/3/85 10:49 0.00 0 0.00 0.00 0.00 15 11 17 4 15 15 9 16
1/3/95 12:49 2.00 0 0.00 0.00 2.90 15 2 17 15 16 15 6 16}
1/3/95 14:49 4.00 0 0.01 0.00 395 15 1 17 15 16 15 6 16
173/95 16:49 6.00! 0 0.00 0.00 1.91 15 11 17 15 15 15 2 15
173195 18:49 8.00 0 0.00 0.01 0.66 15 11 17 15 16 15 1 16
1/3/95 20:49 10.00 0 0.00 0.00 0.26 15 11 17 15 16 15 [4] 15
1/3/95 22:49 12.00 0 0.00 0.00 0.13 15 1 17 15 15 15 0 15
1/4/95 0:48 14.00 0 0.00 0.00 0.07 15 11 171 15 16 15 0 15
1/4195 2:49 16.00 0 0.00 0.00 0.03 15 11 17 15 16 15 ] 16
14795 4:48 18.00 0 0.00 0.00 0.02 15 11 17 15 16 15 0 15
1/4/95 6:49 20.00 0 0.00 0.00 0.00 15 11 17 15 16 15 ] 15
1/4/95 8:49 22.00 0 0.03 0.00 0.11 15 11 17 15 15 15 0 15
1/4/95 10:49 24.00 [1] 0.01 0.01 0.00 15 11 17 15 16 15 6 16
1/4/95 12:49 26.00 0 0.00 0.00 0.11 15 11 17 15 16 15 12 16}
1/4/95 14:48 28.00 2 0.00 0.02 2.05 15 11 17 15 16 15 186 16]
1/4/85 1649 30.00 138 22.05 17.68 273 15 12 17 15 15 15 6 15}
1/4/95 18:49 32.00 139 20.98 19.48 2.65 15 12 17 15 15 15 5 15
1/4/95 20:49 34.00 138 22.31 18.15 2.40 15 12 17 15 15 16 4 15
17495 22:49 36.00 139 22.47 18.38 2.1 15 12 18 16 15 16 4 15
1/5/95 0:48 38.00 138 21.14 19.78 1.92 15 12 17 16 15 16 3 15
1/5/85 2:49 40.00 3 0.00 0.01 1.90 15 12 18 16 15 16 3 15
1/5/95 4:49 42.00 2 0.00 0.00 1.45 15 12 17 15 15 16 2 15
1/5/05 6:49 44.00 2 0.00 0.00 0.11 15 12 17 15 15 16 1 15
1/5/95 8:49 46.00 137 23.11 17.51 1.05 15 2 18 15 15 16 186 15
1/5/95 1048 48.00, 139 23.20 17.85 0.08 16 2 18 16 16 16 5 15|
1/5/95 12:49 50.00 139 24.84 16.93 275 16 12 18 16 15 16 9 16
1/5/95 14:49 52.00 138, 23.66 17.35 3.88 16 2 18 16 15 16 [ 15
1/5/95 16:48 54.00 139 22.07 18.27 2.61 16 12 18 16 15 16 7 15
1/5/95 18:49 56.00 141 21.33 21.15 2.20 16 12 18 16 15 16 6 15
1/5/95 20:49, 58.00 30 23.04 17.01 2.06 16 12 18 16 15 16 5 15
1/5/95 22:49 60.00 152 16.53 29.19 1.99 16 12 18 16 15 16 5 15
1/6/95 0:49 62.00 138 21.45 20.32 1.83 16 12 18 16 15 16 6 15
1/6/95 2:48 64.00 141 23.87 18.88 2.02 16 13 18 16 16 16 6 15
1/6/95 4:48 66.00 141 23.17 20.24 1.99 16 13 18 17 15 16 6 15
1/6/95 6:49 68.00 139 23.80 .53 2.02 13 18 7 16 16, [ 15
1/6/95 8:48 70.00 128 20.56 18.41 1.76 1 13 19 17 15 16 6 15
1/6/95 10:48 72.00 128 2.34 16.61 1.31 1 13 19 17 15 16 7 15
1/6/95 12:49 74.00 129 20.63 18.51 0.00 16 13 19 17 15 16 [: 15,
1/6/95 14:49 76.00 128 21.19 17.68 0.00 16 13 19 17 16/ 16 8 16
1/6/95 16:49 78.00 128 21.80 17.86 073 16 13 19 17 15 16 8 1§I
1/6/95 18:49 80.00 129 20.97 18.35 0.71 17 13 18 17 16 16 8 16}
1/6/95 20:49 82.00 128 22.52 16.78 0.58 17 13 18 17 16 16 8 15]
1/6/95 22:49 84.00 130 22.32 17.39 0.87 17 13 19 17 16 16 8 16|
177195 0:49 86.00 128 21.77 17.83 1.02 17 13 18 17 15 16 8 16}
177195 2:48 88.00 128 21.20 18.22 1.34 17 13 18 17 16 16 8 16}
177195 4:49 90.00 126 20.41 18.56 1.54 17 13 19 17 1€ 16 8 16]
177195 6.49 92.00 127 20.66 18.91 1.51 17 13 19 17 16 16 7 16}
1/7/95 8:49 94.00 129 22.59 17.24 1.29 17 13 20 17 16 16 7 16]
1/7/95 10:49 96.00 128 20.87 19.09 1.34 17 14 20 17 16 16 ] 16]
17795 12:49 98.00 129 279 17.39 1.58 17 14 20 17 16 16 10 16]
177185 14:49] _ 100.00 127 23.79 16.14 1.50 17 14 20 17 16 16 ] 16|
1/7/95 16:48|  102.00 128 22.98 17.06 1.67 17 14 20 17 16 16 [ 16}
17185 18:49]  104.00 129 21.62 18.50 1.87 17 14 20 17 16 16 [ 16}
177095 20:49]  106.00 127 20.85 18.78 1.47 17 14 20 17 16 17 8 16]
1/7/9522:49| 108.00 129 22.88 17.69 1.27 17 14 20 17 16 17 8 161
1/8/85 0:49( 110.00 127 22.12 18.28 1.16 17 14 20 17 16 17 7 161
1/8/95 2:49]  112.00 127 20.01 20.17 1.12 17 14 20 17 16 17 7 16]
1/8/95 4.49] 114.00 128 232 17.94 1.09 17 14 20 18| 16 17 [ 16}
1/8/95 6:49] 116.00 127 20.85 19.19 1.07 18 14 20 18 16 17 [3 16]
1/8/95 8:49f 118.00 126 20.57 19.35 .11 18 14 20 18 16 17 7 16]
1/8/95 10:48| 120.00 128 22.48 18.02 1.19 18 14 20 18 16 17 g 16]
1/8/35 12:49 22.00 129 21.53 19.35 1.22 18 14 20 18 16 17 11 16}
1/8/85 14:49]  124.00 129 22.27 18.74 1.27 18 14 21 18 16 17 K 16
1/8/95 16:49]  126.00 128 20.41 20.21 1.19 18 14 20 18 16 17 12 16}
1/8/95 18:49]  128.00 127 22.69 18.01 1.17 18 15 21 18 16 17 10 161
1/8/35 20:49]  130.00 127 24.36 16.38 1.12 18 15 21 18 16 17 0 16,
1/8/95 22:49  132.00 129 22.30 18.67 1.08 18 15 21 18 16 17 10 16
1/9/95 0:48] 134.00 128 21.23 19.56 1.14 18 15 21 18 16 17 10 16}
1/9/95 2:49] 136.00 127 22.88 17.88 1.07 18 15 21 18 16 17 [} 16]
1/9/05 4:49] 138.00 126 21.65 18.79 0.99 18 15 21 18 16 17 9 16]
1/9/95 6:49 _ 140.00 126 21.48 19.22 0.97 18 15 21 19 16 17 8 16]
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F. Topical Report of Tasks 12 & 13 Appendix B.

[LABTECH NOTEBOOK Data Logged by on-site computer
Data file I
Time is 10:49:21.67.
Date is_1-03-1995.
ET. Voltage |Gurrent! _|Current2_|FlowRate |Goretemnp |15 il T10 T12 T T1 T1
_ Hours  |Voits |Amps _ |Amps _ |Uhr DegC  |Deg G |DepC  |DegC_ IDegC_ |DegC  |Deg G |Deg C
17095 6.49] 142,00 3 0.00 0.00 1.18 18 15 21 18 16 7 8 18]
1/9/85 10:48] _144.00] 128 21.38| __ 18.79 1.99 18 15 21 19 16 17 S 16
1/0/95 12:49] _146.00] __128| _ 21.93| 1964 150 19 15 21 19 16 7 3 16
1/0/95 14:49] _148.00] 128 22.34] __18.13 122 19 15 21 19 16 17 14 16
179/95 16:49] _150.00] _ 126] __ 21.24] __ 19.60 1.21 19 15 21 19 16 18 13 16
1/9/95 18:49] __152.00] __126] __ 19.06] _ 21.45 147 19 15 21 19 16 18 11 16
1/9/95 20:49] __154.00] __127] __ 21.11 9.67 1.15 19 15 21 19 16 18 10 16
100195 22.49] _156.00] _ 127] _ 20.96] _ 19.74 1.09 19 5 21 19 16 18 10 16
1/10/95 0:48] _158.00] _ 127] _ 20.95  19.73 0.98 19 16 21 19 16 18 10 16
1/10/95 2:49] _160.00, _ 126] _ 20.86] _ 19.77 0.84 19 16 21 19 6 18 ) 16]
1/10/95 449 162.00] __127] __2029| _ 20.34 0.72 19 16 22 19 16 B g 16|
1/10/95 6:49] _ 164.00] __127] _ 21.33] 1952 0.66 19 16 2 19 16 18 9 16
1/10/95 8:49] _166.00] _ 127] _ 20.86] _ 19.81 3.06 19 16 2 19 7 18 0 16
1710/95 10:49] _168.00] __127] _ 21.78] __19.32 2.33 19 16 23 19 16 18 11 17
1/10/95 12:49]__170.00] 109 31.00 7.03 154 19 16 22 19 16 18 13 16
1/10/85 14:49] _172.00] 17| _ 20.19] 2054 1.63 19 16 22 19 7 18 14 17
1/10/95 16:49] 17400 127] 2132|1986 143 19 16 22 19 17 18 14 17
1710/95 18:49] _176.00] __131] _ 24.93] _17.00 1.30 20 16 22 19 17 18 14 7
110/8520:49]  178.00]  131] _ 22.07] _ 19.30 1.09 20 16 22 19 17 18 14 7
1710755 22:49]_180.00] 127 22.36] _ 18.65 142 20 16 22 15 17 18 14 7
111/950:49] 182.00{ _126] 23.38] _ 11.76 1.26 20 16 22 18 7 18 15 17
111/952:49] _18400] _ 125] _ 19.75] _ 20.97 0.84 20 17 22 19 17 18 15 17
1711795 4.49] _186.00 28] 24.01 17.46 0.69 20 17 2 20 7 19 15 17
1/11/95 6:49] _ 188.00 27| 201, 19.81 0.60 20 17 2 20 7 19 15 17
1711795 8:49] _190.00 30] _20.12] _ 21.01 421 20 17 22 20 7 19 16 7
1741795 10:49] _192.00 26| 2096] 2011 2,07 20 17 2 20 7 18 16 7
119/95 12:49]_194.00] __129] _ 24.64]  17.865 220 20 17 Py 20 17 19 18 17
119795 14:49] _196.00] _ 131] _ 22.88] 1923 1.27 20 17 2 20 7 19 19 17
1A1/65 16:49] __198.00] __ 129] _ 22.93] _ 19.28 152 20 17 23 20 17 18 20 17
111795 18:49] _200.00] __131] _ 24.47] __17.75 0.55 20 7 23 20 17 19 19 17
111/95 20:49] _202.00] __125] _ 19.97] _ 21.68 0.70 21 7 2 20 7 19 18 7
111195 22:49]_204.00] __131| _ 23.47| _ 19.27 1.49 21 7 Z 20 17 19 18 17
1/12/95 0:49] 206.00] _ 132]  2588] 1722 0.50 21 7 pX 20 17 19 18 17
11295 2:49] _208.00] 1241|2027 2017 0.63 21 17 23 20 17 19 18 7
1/12/%5 449] 21000 131] __23.20] __19.03 1.52 21 18 23 20 17 19 1€ 17
1/12/556.49] _212.00] __124] _ 20.74] _ 2050 0.92 21 18 23 20 17 15 18 17
1712095 8.49] 214.00] 132]  25.48] 1757 5.51 21 18 2 20 7 19 19 17
1712/85 10.49] _216.00] __129] _ 23.18] _ 18.80 2.50] 21 18 73 20 17 30 20 17
112155 12:49] _218.00] 125 _ 18.64] 2284 1.14 21 18 23 20 7 20 20 7
12/65 14.49] 22000 125 _ 20.88] _ 20.29 1.58 21 18 px 20 7 20 21 17
112/95 16:49] 222.00] __120] _ 24.66] _ 18.25 1.73 21 18 23 20 17 20 21 17
1/12/35 18:49] _224.00] 125 _ 21.43] _ 20.20 1.76 21 18 23 20 7 20 20 7
1/12/95 20:45] _226.00 29 2402 1885 0.98 p7 18 23 20 17 20 20 17
1/12/9522:49] 228.00] _ 129| _ 22.78] _ 20.25 1.40 7 18 23 20 7 20 20 17
113/05 0:49] 230.00] _122| _ 19.80] _ 21.35 0.87 2 18 23 21 17 20 19 37
1/13/952:49] 232.00] __123] _ 20.10] _ 20.68 0.51 22 1S 23 21 17 20 19 17
1713/95 4.49| _234.00] _132] _ 26.84] 1668 0.25 2 19 24 21 17 20 19 17
113/956.49] _236.00] 127 21.77] _ 1961 0.14 b7 19 23 21 37 20 18 17
1/13958:49] 238.00] _ 119] _ 21.75] _ 18.37 0.02 7. 19 24 21 17 20 19 17
TA85 10:49] _240.00] __126] _ 20.96] _ 19.31 0.02 22 19 24 21 17 20 20 17
A3/5 12:49] _242.00] _ 125] _ 21.05] _ 21.06 0.02 22 19 24 21 7 20 24 17
113/95 14:49] _244.00] _ 123| _ 19.24] 2223 0.03 22 19 24 21 7 20 24 17
113195 16:49] _ 246.00] __126] _ 23.27] _ 19.30 0.03 22 19 24 21 7 20 2 7
113005 18:49] _248.00] __116] _ 16.10] _ 21.15 0.02 7 19 24 21 7 20 21 7
14305 20:49] _250.00] 17| _ 23.65] _ 18.04 0.01 b7 19 24 21 7 20 20 17
1365 22:45] _ 252.00] _ 126]  22.24] _ 18.32 0.01 7 20 24 21 17 21 20 17
1145 049] 254.00] 116]  18.36] _ 21.03 0.01 7 20 24 2 18 21 20 18
114595 2:49]  256.00] _127] 2255|2025 0.02 2 20 24 21 18 21 20 18]
114/954:49] 258.00] _ 132] _ 37.92] _ 2025 0.00 23 20 24 21 8 21 19 8]
114/956:49] 260.00] _119] _ 2256]  18.99 0.01 23 20 24 71 18 21 18 18|
1145 8.49] 262.00] _110] _ 17.73] _ 18.86 0.00 3 20 24 21 18 21 18 18|
1714795 10:49] _264.00] _ 116] _ 19.95| _ 18.35 0.01 23 20 24 21 8 21 18 18]
114155 12:48]_266.00] __125] _ 20.81] _ 20.15 0.00 F=) 20 24 71 18 21 18 18}
1714/95 14:45| _266.00] __114] __20.48] _ 20.01 0.00 3 20 24 21 18 21 18 18|
1/14/95 16:46] _270.00] 23] 19.10] _ 21.08 0.00 23 20 25 2 18 21 18 18]
1714185 18:49]_272.00] 1291 23.34] __ 19.38 0.03 3 20 25 2 18 21 7. 18}
1/14/85 20:49] 27400 __120] _ 20.25] _ 20.11 1.28 23 21 25 2 8 21 17 18|
114185 22:49]_276.00]  129] 2123|2022 2.16 23 21 25 22 18 21 16 18|
1/165/05 0:45] _278.00] __ 110] __20.84] _ 18.79 0.44 23 21 25 22 18 21 16 18]
115/95 2:49] _280.00] _ 126] _ 20.74| _ 20.94 0.76 3 21 25 22 18 21 16 18|
1/15/95 449 282.00]  116] __22.03| _ 19.04 0.37 23 2 25 22 18 21 15 18}
F-3
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F. Topical Report of Tasks 12 & 13 Appendix B. ‘

LABTECH NOTEBOOK Data L by on-site computer
Data file
Time is 10:49:21.67.
Date is_1-03-1995.
ET. Voitage |Current! |Current2 |FlowRate [Coretemp {T5 17 T10 112 il T1 T1
Hours _ [Voits |Amps Amps  {V/nr DegC__ |DegC 1DegC ~ 1DegC |DegC [DegC [DegC Deg C
17115/85 6:49]  284.00 115 20.86 18.16 0.00 23 21 25 22 18 21 15 18
1/15/95 8:49]  286.00 126 22.43 18.77 0.31 24 21 25 22 18 21 15 18
1/15/85 10:49;  288.00 112 19.54 17.41 0.99 24 21 25 22 18 21 15 18
1/15/95 12:49] 290.00 96 24.28 10.36 1.09 24 21 25 22 18 21 16 18
115,95 14:.49|  292.00 119 20.26 19.05 0.30 24 21 25 22 18 21 16 18
1/15/95 16:49{ 294.00 122 21.26 19.21 0.62 24 21 25 22 18 21 16 18
1/15/95 18:49!  296.00 117 18.75 20.34 0.02 24 22 25 22 18 22 15 18
1715095 20:49|  298.00 124 23.02 18.91 2.52 24 22 25 23 18 22 15 18
1/15/95 22:49( 300.00 122 20.26 18.78 0.77 24 22 25 23 18 22 14 18
1716195 0:49{ 302.00 110 18.00 20.66 0.81 24 22 26 23 18 22 14 18
1/16/95 2:49!  304.00 123 21.39 18.76 0.58 24 22 26 3 18 22 14 18
/16/95 4.49]  306.00 114 20.13 19.32 1.08 24 22 25 23 8 22 14 18,
1/16/95 6:49] 308.00 119 20.53 18.21 0.52 24 2 26 23 18 22 14 18
1/16/95 8:49 310.00 117 19.23 21.28 1.52 24 22 26 23 18 22 14 18
1/16/95 10:49{ 312.00 124 21.92 19.99 1.75 24 22 26 23 18 22 15 18
1/16/95 12:49]  314.00, 114 8.38 20.86 0.09 24 22 26 23 18 22 6 18
1/16/95 14:49] 316.00 117 21.27 17.89 1.31 24 22 26 23 18 21 18 18
1/16/95 16:48! 318.00 125 23.08 19.56 1.35 24 22 26 23 18 22 18 18
1/16/95 18:49] 320.00 119 20.92 18.03 1.33 25 22 26 2 18 22 16 18
1/16/95 20:49] 322.00 112 20.22 20.32 1.30 25 22 26 3 18 22 15 18
1/16/95 22:49| 324.00 124 21.72 19.61 1.24 25 2 26 2 18 22 15 18
1/17/950:49] 326.00 114 18.73 19.11 13 25 23 26 px 18 22 14 18
117195 2:49;  328.00 116 21.68 171.48 1.07 25 27 26 23 18 22 14 18}
1/17/95 4:49]  330.00 122 20.77 20.67 1.05 25 23 26 23 18 22 14 18]
1/17/95 6:49]  332.00 119 19.97 18.92 1.05 25 23 26 23 18 p7] 14 18}
1/17/35 8:49] 334.00 113 20.74 18.44 242 25 23 26 23 18 22 14 18|
1/17/85 10:49{ 336.00 106 16.62 20.42 2.19 25 23 26 23 18 22 15 18§
11785 12:49{ 338.00 13 21.14 20.29 1.51 25 23 26 24 18 22 17 18]
1/17/85 14.43]  340.00 116 22.14 18.10 1.42 25 23 26 24 18 22 18 18}
1/17/95 16:49]  342.00 98 17.43 18.09 1.32 25 23 26 24 18 22 18 18}
117/85 18:49] 344.00 118 23.55 17.11 0.81 25 23 26 24 18 22 17 18}
1/17/9520:49| 346.00 115 20.67 17.38 0.97 25 23 26 24 18 22 17 18]
1/17/95 22:49! 348.00 116 20.68 21.15 .01 25 23 26 24 18 22 17 18]
1/18/95 0:49| 350.00 105 18.69 18.34 1.04 25 23 26 24 18 22 17 18]
1/18/95 2:49]  352.00 107 19.66 18.25 .09 26 23 26 24 19 22 17 19
1/18/95 4:49! 354.00 108 20.57 19.07 1.14 26 23 26 24 19 2 17 19
1/18/95 6:49]  356.00 110 18.94 18.46 0.88 26 23 22 24 19 2 17 19
1/18/35 8:49]  358.00 122 23.88 18.07 4.94 26 23 2 24 19 22 17 19
1/18/95 10:49]  360.00 122 23.42 18.67 1.79 26 23 2 24 19 22 18 19
1/18/85 12:49]  362.00 121 23.27 18.64 1.45 26 23 186 24 18 22 21 19
1/18/05 14:49] 364.00 118 26.58 14.63 1.58 26 24 27 24 18 22 20 19
1/18/95 16:49]  366.00 122 2311 18.46 135 26 24 Fij 24 19 23 19 19
1718795 18:49] 368.00 122 22.34 19.73 1.25 26 24 rid 24 19 <] 18 19
1/18/95 20:49]  370.00 121 23.20 18.68 1.02 26 24 27 24 19 23 18 19|
1/18/95 22:49] 372.00 132 25.70 19.78 0.74 26 24 P 24 18 23 18 19
1/19/95 0:49] 374.00 118 22.08 18.47 0.42 26 24 pi 24 19 23 18 19
1/19/95 2:49|  376.00 120 23.95 17.53 023 26 24 a 24 19 23 18 19
1/18/95 4:49| 378.00 120 24.01 17.44 0.11 26 24 27 24 19 23 19 18§
1/19/95 6:49{ 380.00 119 2.20 18.97 0.08 26 24 Fij 24 19 23 18 19
1/19/95 8:49] 382.00 125 21.96 20.57 5.99, 26 24 27 24 19 23 17 . 19
1/19/95 10:49] 384.00 130 24.90 18.74 274 26 24 27 24 19 23 18 19
1/19/95 12:49] 386.00 122 2.79 3.97 1.70, 27 24 27 24 19 23 17 19
1/19/95 14:48]  388.00 121 22.27 18.98 1.35 27 24 2 24 19 23 17 19
1/19/95 16:49] 390.00 121 25.50, 16.40 .20 27 24 2 24 18 23 16 19]
1/19/95 18:49] 392.00 120 22.56 18.86 1.06 27 24 2 24 19 23 16 19}
1/19/95 20:49] 394.00 120 22.31 18.95 0.92 7 25 28 24 19 3 15 19}
1/19/95 22:49  396.00 119 22.72 17.81 0.80 27 25 28 24 19 23 15 19
120095 0:49] 398.00 120 23.77 17.28 065 27 il 28 24 18 23 15 19
1/20/95 2:49]  400.00 120 23.18 17.79 0.51 27 25 28 24 18 23 15 19
1720/95 4:49] 402.00 121 23.11 18.00 039 27 25 28 24 19 23 15 19|
1720195 6:49]  404.00 122 25.87 15.61 0.25 27 25 28 25 19 23 14 19§
1/20/95 8:49]  406.00 120 20.65 20.45 0.16 27 25 28 25 19 23 14 19]
1/20/95 10:49{ 408.00 122 23.26 18.37 0.16 p1i 25 28 25 19 23 16 19]
1720/85 12:491  410.00 119 24.18 16.62 0.32 27 25 28 25 19 23 18 18}
1/20/95 14:49] 412.00 122 26.26 15.41 0.35 27 25 28 25 19 23 18 19
120/95 16:48| 414.00 120 26.02 15.03 0.26 27 25 28 25 19 23 18 19
1/20/95 1849 416.00 120 24.13 17.11 0.13 27 25 28 25 19 3 16 19
1/20/95 20:49] 418.00 118 22.98 17.62 0.05 28 25 28 25 19 23 14 19
1/20/95 22:48|  420.00 20 23.97 17.26 0.01 27 25 28 25 18 23 14 19
12195 0:48  422.00 118 23.00 17.73 0.00 28 25 28 25 19 24 14 19
1/21/952:49] 42400 122 23.82 17.82 0.00 28 25 28 25 19 24 13 19
F-40
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F. Topical Report of Tasks 12 & 13 Appendix B.
TABTECH NOTEBOOK Data Logged by on-site computer T ' $=

Data file |
Time is 10:49:21.67.
Date is 1-03-1995.
E.T. Voltage {Current1 {Current2 iFlowRate |Coretemp |TS T7 T10 T12 T1 T1 T1
Hours Voits  {Amps Amps \rhr Deg C Deg C Deg C Deg C Deg C Deg C Deg C Deg C
121795 4.49] 426.00 119 21.93 18.74 0.00 28 25 28 25 19 24 13 19
1/21/956:49] 428.00 124 24,43 16.87 0.00 28 25 28 25 19 24 12 19,
121/95 8:49]  430.00 119 23.28 17.33 0.00 28 25 28 25 19 24 12 19
121795 10:49] 432.00 118 23.14 17.47 0.00 28 26 28 25 19 24 14 19
1/21/95 12:49] 434.00 122 23.28 17.72 0.01 28 26 28 25 18 24 16 18]
1721795 14.48| 436.00 122 23.73 17.53 0.01 28 26 29 25 19 24 17 18
1/21/95 16:49] 438.00 120 24.01 16.54 0.00 28 26 28 26 19 24 16 19,
121/95 18:49]  440.00 122 23.92 17.18 0.00 28 26 29 26 19 24 14 19
1721195 20:49{ 442.00 120 22.39 18.27 0.00 28 26 29 26 19 24 13 19
1/21/85 22:.49] 444.00 119 21.63 18.93 0.00 28 26 29 26 19 24 2 19
122705 0:49] 446.00 120 22.41 18.06 0.01 28 26 29 26 19 24 12 19
1/22/95 2:49|  448.00 119 21.78 18.74 0.01 28 26 29 26 19 24 11 19|
1/22/95 4:49|  450.00 119 22.82 17.75 0.01 28 26 29 26 19 24 1 19
1/22/956:49] 452.00 125 21.09 18.65 0.01 28 26 29 26 19 24 11 19
1/22/95 8:49]  454.00 119 23.17 17.27 0.00, 28 26 29 26 19 24 11 19,
1/22/95 10:49|  456.00 120 24.64 16.43 0.02 29 26 29 26 19 24 13 19
1/22/95 12:48!  458.00 122 23.91 17.46 0.03 29 26 29 26 19 24 16 19
1/22/95 14:49]  460.00 121 24.44 16.75 0.02 29 26 29 26 19 24 18 19
1122195 16:49|  462.00 119 25.02 15.66 0.01 29 26 29 26 18 24 17 19
1/22/95 18:49]  464.00 121 24.33 16.56 0.02 26 29 27 19 24 15 19
1722/95 20:49|  466.00 120 22.77 17.66 0.00 29 26 29 27 18 24 14 19
1/22/95 22:48|  468.00 118 20.82 19.66 0.00 29 26 29 27 19 24 13 19
1/23/05 0:49] 470.00 120 21.80 18.98 0.00 29 26 29 27 18] 24 12 19,
1/23/952:491 472.00 120 22.84 18.06 0.00 29 26 29 27 19 24 12 19
1/23/95 4:49] 474.00 123 25.00 16.14 0.01 29 26 29 27 19 24 1 19
1/23/05 649 476.00 120 23.85 16.77 0.01 29 26 29 27 19 24 11 19
1/23/95 8:49] 478.00 119 24.15 16.27 0.00 29 26 29 27 19 24 11 19
/23/95 10:49]  480.00, 21 23.10 17.78 0.01 29 26 28 27 19, 24 13 19
1/23/95 12:49] 482.00 120 24.72 16.16 0.01 29 26 29 27 19 24 15 19
723795 14:49] 484.00 120 2353 17.59 0.00; 28 27 29 27 19 24 16 19
123/95 16:49]  486.00 121 23.63 17.59 0.00 29 26 29 27 19 24 15 19
1/23/95 18:49] 488.00 120 23.70 17.27 0.00 29 27 29 27 19 24 14 19
12395 20:49;  490.00 120 25.05 15.87 0.01 29 27 30 27 19 24 13 20,
1/23/95 22:49]  492.00 119 22.51 18.36 0.01 29 27 30 27 20 24 12 20
124195 0:49] 494.00 121 21.95 19.08 0.01 29 27 30 2 19 24 1 20
1/24/95 2:49]  496.00. 118 20.6% 19.45 0.01 29 27 30 27 20 24 10 20
1124195 4:49] 498.00 117 2.57 17.39 0.01 30 Fij 30 27 20 24 10 20,
1/24/95 6:49] 500.00 119 22.89 17.72 0.03 30 27 30 27 20 25 10 20|
124/95 8:49|  502.00 119 21.44 19.06 0.01 30 2 30 27 20 24 10 20
124/95 10:49]  504.00 118 232 18.30 0.00 30 27 30 27 20 24 12 20
1/24/95 12:43{ 506.00 121 2552 15.56 0.02 30 27 30 28 20 24 16 20
124795 14.43] 508.00 19 275 17.97 0.01 30 27 30 28 20 25 18 20
1/24/95 16:49]  510.00 119 25.68 15.28 0.02 30 27 30 28 20 24 18 20
1/24/95 18:49] 512.00 119 21.17 18.99 0.00 30 27 30/ 28 20 24 16 201
1724195 20:49] 514.00 119 23.70 16.82 0.01 30 27 30 28 20 24 14 20
1/24/95 22:49 516.00 115 25.30 16.12 0.01 30 27 30 28 20 25 13 20|
125/095 0:49| 518.00 117 20.84 19.37 0.01 30 27 30 28 20 25 13 20
125/95 2:49  520.00 119 21.36 19.42 0.01 30 27 30 28 20 25 12 20
1/25/95 4:.49;  522.00 121 23.19 17.77 0.01 30 P14 30 28 20 25 12 20
1/25/95 6:49}  524.00 120 23.18 17.83 0.01 30 27 30 28 20 25 12 20
1/25/95 8:49] 526.00 120 N2.24 18.31 0.48 30 27 30 28 20 25 12 20,
1125095 10:49] 528.00 121 22.69 18.50 1.37 30 27 30 28 20 25 15 20
125/05 12:49]  530.00 122 24.47 16.90 1.39 30 2 30 28 20 25 18 20
1/25/95 14:49] 532.00 122 23.97 17.52 1.35 30 27 30 28 20 25 20 20
1/25/95 16:49] 534.00 122 23.95 17.47 1.35 30 27 30 28 20 25 19 20|
1/25/95 18:49]  536.00 118 2459 16.02 1.28 30 27 30 28 20 25 17 20|
17/25/95 20:49{  538.00 120 22.46 18.36 1.28 30 a 30 28 20 25 16 20
1725195 22:48]  540.00 121 21.35 19.55 1.27 30 27 31 28 20 25 15 20
1/26/95 0:49| 542.00 118 2479 15.83 1.26 30 27 31 28 20 25 14 20
1726/952:49| 544.00 121 22.58 18.50 1.24 30 27 31 28 20 25 13 204
1726/95 4:48]  546.00 119 24.03 16.69 1.27 30 27 31 28 20 25 13 20
1726795 6:49| 548.00 119 22.92 17.40 1.24 30 27 31 28 20 25 12 20
1/26/95 8:49]  550.00 119 21.70 18.57 1.38 31 27 31 28 20 25 12 20
1/26/95 10:49{ 552.00 120 24.81 15.95 1.41 31 27 3 28 20 25 14 20
1/26/95 12:49] 554.00 129 24.05 18.14 1.36 31 28 31 28 20 25 17 20
1/26/95 14:49] 556.00 121 229 18.17 1.36 31 27 31 29 20 25 19 20!
1/26/95 16:49] 558.00 120 24.62 16.58 1.11 31 27 3 29 20 25 18 20
1/26/95 18:49{ 560.00 122 22.21 18.43 1.16 31 27 3 29 20 25 17 20
1/26/95 20:49{ 562.00 121 21.97 18.83 1.91 31 28 31 29 20 25 16 20
1/26/95 22:49]  564.00 121 224 18.39 1.37 31 28 31 29 20 25 15 20
1/27/95 0:49{ _566.00 121 2481 15.91 1.22 31 28 31 29 20 25 15 _20|
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_ F. Topical Report of Tasks 12 & 13 Appendix B.

LABTECH NOTEBOOK Data ed by on.site computer
Data file |l
Time is 10:49:21.67.
Date is 1-03-1985.
[ET. Vottage [Currenti |Current? |FlowRate |Coretemp |15 T7 T10 T12 T1 T1 T1
Hours  [Volts |Amps Amps limr DegC [DegC [DegC |DegC DegC |DegC Deg C Deg C
127/95 2:49] 568.00 120 21.19 19.13 1.18 31 28 31 29 20 25 15 20
1727185 4:49]  570.00 121 22.31 18.73 1.14 31 28 31 29 20 25 15 20
127195 6:49] 572.00 120 21.18 19.56 1.11 3 28 3 29 20 25 15 20
127/958:49| S74.00 120 22.37 18.30 1.11 31 28 31 29 20 25 15 20
1127195 10.48| 576.00 122 21.99 18.96 1.09 31 28 3 29 20 25 15 20
127195 12:49] 578.00 120 21.85 18.68 1.10 K3l 28 3 29 20 25 16 20
1127/95 14:49]  580.00 122 22.76 18.37 357 31 28 31 29 20 25 17 20
1/27/95 16:49{  582.00 120 21.74 19.02 1.69 31 28 31 29 20 25 17 20
1727195 18:49( 584.00 124 23.37 17.66 1.34 31 28 31 29 20 25 17 20|
1127195 20:49; 586.00 121 2475 16.13 1.30 31 28 31 28 20 25 18 20
1R27/95 22:49; 588.00 121 25.56 15.44 1.30 31 28 31 28 20 25 18 20
1/28/95 0:49] 590.00 118 20.85 19.74 1.29 31 28 31 29 20 25 18 20|
1/28/95 2:49} 592.00, 118 20.86 20.00 1.33 3 2B 32 29 20 25 18 20
1728/95 4:49]  594.00 120 23.86 17.55 1.32 31 28 32 29 20 25 18 20
1728/95 6:49]  596.00 121 21.03 19.95 1.29 31 28 32 29 20 25 18 20
1/28/85 8:49| 598.00 119 21.06 19.96 1.33 K] 28 32 29 20 25 18 20
1/28/95 10:49| 600.00 123 24.81 17.38 1.34 32 28 32 29 20 25 19 20
128/95 12:49{ 602,00 122 21.70 9.98 1.32 32 28 32 29 20 25 20 20
1/28/95 14:49]  604.00 120 23.56 17.70 1.31 32 28 32 29 20 25 19 20
1/28/95 16:49]  606.00 120 22.83 18.40 1.30 32 28 2 29 20 25 19 21
1/28/95 18:49( 608.00 122 24.90 16.66 1.29 32 28 32 29 21 25 18 21
1/28/95 20:49{ 610.00 119 20.36 20.68 1.28 32 28 32 28 21 25 17 21
1/28/95 22:49]  612.00 118 21.95 18.70 1.31 3z 28 32 30 21 26 17 21
1/29/95 0:49] 614.00 120 22.03 19.10 1.33 32 28 32 30 21 26 16 21
1/29/95 2:48]  616.00 122 2317 18.30 1.34 32 28 32 30 2 26 16 21
1/29/95 4:49| 618.00 121 21.78 18.62 1.33 32 28 32 30 21 26 16 21
1/29/95 6:48|  620.00 119 21.96 19.04 1.32 32 28 32 30 21 26 15 21
1729/95 8:49( 622.00 120! 21.53 19.66 1.34 32 28 32 30 21 26 15 21
1/29/95 10:49 624.00 119 24.59 16.44 1.45 32 28 32 30 21 26 1S 21
1/29/95 12:49] 626,00 122 23.30 18.94 1.50 32 29 32 30 21 26 18 21
1/29/95 14:49! 628.00 122 2353 18.05 1.49 32 28 32 30 21 26 18 21
1/29/95 16:49;  630.00 121 2245 18.77 1.40 32 28 32 30 21 26 19 21
129/95 18:49] 632.00 121 2253 18.46 1.32 32 29 32 30 21 26 17 21
1/29/95 20:49]  634.00 120 22.02 19.02 1.29 32 28 32 30 21 26 16 21
1129/95 22:43! 636.00 118 20.98 20.03 1.29 32 29 32 30 21 26 15 21
1730/95 0:49{ 638.00 121 21.10 20.03 1.26 kY. 29 32 30 21 26 15 21
1 2:49} 640.00 120 2327 17.54 .26 32 29 K. 30 21 26 14 21
1/30/95 4:49|  642.00 118 20.95 19.61 1.25 32 29 32 30 21 26 14 21
1/30/95 6:49] 644.00 120 20.31 20.81 1.24 3z 29 3z 30 21 26 14 21
1/30/95 8:49]  646.00 118 20.43 19.97 1.24 32 28 32 30 21 26 14 21
1730/95 10:49|  648.00 120 23.44 11.55 1.93 32 29 32 30 21 26 15 21
1/30/95 12:49]  650.00 120 24.32 16.56 1.54 2 29 32 30 21 26 17 21
1/30/95 14:49;  652.00 122 26.63 15.92 1.69 32 29 32 30 21 26 19 21
1/30/95 16:49| 654.00 119 22.58 18.51 1.38 32 29 r 30 21 26 19 21
1/30/95 18:49;  656.00 120 23.01 18.57 1.30 32 29 32 30 21 26 17 21
1/30/95 20:49|  658.00 120 21.02 20.66 1.21 33 29 32 30 21 26 15 21
1730/95 22:49]  660.00 119 21.35 19.74 1.21 33 29 33 30 21 26 14 21
1731785 0:49]| 662.00 119 21.73 19.16 1.22 33 28 33 30 21 26 13 21
1/31/952:49]  664.00, 118 22.76 18.17 1.21 33 29 33 30 21 26 13 21
1731795 4:43| 666,00 118 22.27 18.84 1.21 33 29 33 31 21 26 13 21
1/31/95 6:49|  668.00 118 20.66 20.38 1.19 33 29 33 31 21 26 12 21
1/31/95 8:49| 670,00 111 24.23 15.70 1.40 33 29 33 31 21 26 13 21
1/31/95 10:49{ - 672.00 121 25.99 16.28 0.44 3 29 3 31 21 26 15 21
1/31/95 12:49{ 674.00 122 23.64 18.45 0.92 33 28 33 31 21 26 18 21
1/31/95 14:49;  676.00 121 23.10 18.97 0.92 3 29 3 31 21 26 20 21
1/31/95 16:49] 678.00 121 23.79 17.98) 0.89 33 28 33 31 2 26 20 21
1/31/95 18:49]  680.00 119 21.06 20.20 0.96 kX 29 k< 31 21 26 18 21
1/31/95 20:49|  682.00 121 23.99 17.88 1.09 33 28 Kx 1 21 26 17 21
1/31/9522:49] 684.00 119 24.24 17.09 1.36 33 29 a3 31 21 26 17 21
2/1/95 0:49]  686.00 120 24.23 17.50 1.19) 3 29 33 31 21 26 16 21
2/1/952:49] 688.00 122 24.98 16.83 1.17 3 30 3 31 2 26 16 21
2/1/85 448 690.00 119 22.24 18.27 1.17 3 30 n 31 21 26 16 21
2/1056:49] 692.00 118 23.82 17.42 1.17 33 30 33 31 21 26 15 21
2/1/958:49] 694.00 120 20.05 21.15 1.63 33 30 33 31 21 26 16 21
2/1795 10:49]  696.00 121 22.64 19.55 2.31 33 30 33 31 21 26 18 24
2/1/95 12:49]  698.00 121 22.62 19.81 1.95 33 30 33 31 21 26 21 21
2/1/95 14:49] 700.00 120 22,03 20.27 1.57 33 30 33 3 21 26[ 23 21
2/1/95 16:49]  702.00 120, 24.57 17.76 0.88 3 30 kX 3 2 26 23 21
2/1/95 18:49] 704.00 120 23.18 19.54 1.03 X 30 33 31 21 26 22 21
2/1/95 20:48{ 706.00 121 22.31 20.07 1.28 X 30 33 31 2 26 21 21
2/1/95 22:49] _ 708.00 119 2222 19.78 1.15 33 30 33 31 21 26 20 21
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F. Topical Report of Tasks 12 & 13 Appendix B.

LABTECH NOTEBOOK Data Logged by on-site computer
Data file i
Time is 10:49:21.67.
Date is_1-03-1995.
ET. Voltage iCurrent1 |Current? |FlowRate |Coretemp |T5 17 T10 T12 T1 T1 T1
Hours _ |Volts |Amps Amps /hr DegC |DepC |DegC |DegC Deg C Deg C Deg C Deg C
2/2/950:49] 710.00 120 22.72 19.64 1.01 33 30 33 31 21 27 20 21
2/2/952:49| 712.00 120 2253 19.76 0.91 a3 30 33 32 21 27 20 21
2/2/95449] 714.00 120 22.49 20.00 0.82 34 30 33 32 21 27 20 21
212195 6:49] 716.00 118 24.08 17.69 0.75 33 30 34 32 21 27 19 21
2/2/958:49] 718.00 122 22.13 20.51 1.78 34 30 3 32 21 pid 18 21
2/2/95 10:49]  720.00 112 23.85 15.71 1.44 34 30 34 32 21 27 20 21
2/2/95 12:49| 722.00 113 19.12 20.72 1.28 34 30 33 32 21 27 22 21
2/2/95 14:49  724.00 118 18.95 21.83 0.84 34 30 33 32 21 27 24 21
2/2/95 16:49}  726.00 115 25.06 15.75 0.66, 3 30 33 32 21 26 24 21
2/2/35 18:49] 728.00 113 21.47 18.22 0.55 33 30 KX} 32 21 27 22 21
2/2/9520:49]  730.00 113 23.66 16.53 0.42 34 30 33 32 21 27 21 21
2/2/95 22:48| 732.00 114 2.2 18.26 0.33 3M 30 33 32 21 27 20 21
2/3/950:49] 734.00 112 21.54 18.34 0.27 34 30 33 2 21 27 19 21
2/3/1952:49] 736.00 111 22.60 16.75 0.23 34 30 34 2 21 27 1 21
2/3/954:49|  738.00 112 21.79 18.09 0.21 34 30 34 2 22 27 1 21
2/3/956:43| 740.00 112 23.53 16.12 0.18 34 30 34 3z 22 27 1 22,
2/3/95 8:48| 742.00 113 23.17 16.90 0.16 34 30 kY] 3 21 27 17 22
2/3/95 10:48]  744.00 LEE] 24.17 15.60 0.15 34 30 M 3 22 27 18 22
2/3/95 12:49]  746.00 121 22.57 19.81 0.16 34 30 3 31 22 27 20 22
27395 14:49]  748.00 11 23.92 15.85 0.15 34 30 34 3 22 27 19 22
273105 16:49]  750.00 113 21.73 18.12 0.16 34 30 34 3 21 27 19 22
213795 18:49]  752.00 111 23.36 16.15 0.13 34 30 34 3 22 27 18 22
2 20:49] 754.00 1114 21.37 17.93 0.12 34 30 34 3 22 27 17 22
22:49| 756.00 112 21.84 18.06 0.11 34 30 34 31 2 27 17 22
2/4/95 0:49| _ 758.00 111 23.79 15.73 0.12 34 31 34 31 22 27 17 22
2/4195 2:49]  760.00 111 24.31 14.99 0.11 34 31 34 31 22 27 17 22
2/4/95 4:49]  762.00, 114 20.94 18.90 0.10 34 31 M 3 22 27 16 22
2/4/956:49] 764.00 112 21.35 17.97 0.11 34 31 M 31 22 27 16 22
2/4195 8:49]  766.00 112 21.89 17.91 0.11 34 31 34 31 22 27 15 22
2/4/195 10:48]| 768.00 113 20.48 19.31 0.14 34 3 34 3 22 2 16 22
2/4/95 12:49] 770.00 112 19.16 20.50 0.13 34 1 34 31 22 2 18 22
2/4/95 14491  772.00 115 20.18 20.35 0.17 M4 31 34 31 22 27 19 22
2/4/95 16:49] 774.00 113 22.54 17.48 0.02 34 31 33 31 22 27 19 21
2/4/95 18:48| 776.00 112 23.22 16.59 0.00 34 31 33 31 22 27 17 21
2/4/95 20:48] 778.00 113 21.07 18.62 0.00 34 31 33 31 22 27 16 .22
2/4/95 22:49]  780.00 12 22.78 16.81 0.00, 34 k <) 32 22 27 6 22
2/5/950:48| 782.00 110, .26 18.98 0.01 34 31 34 32 22 27 15 22
2/5/952:49] 784.00 112 19.13 20.21 0.00! 35 31 7] 32 22 27 15 22
2/5/95 4:49|  786.00 113 56 16.43 0.01 35 3 33 32 22 27 14 22
2/5/85 6:49| 788.00 112 21.91 18.07 0.02 35 N 3 31 7 27 14 22
2/5/058:49| 790.00 1 21.78 17.49 0.02 35 31 33 3 22 27 13 p7]
2/5/85 10:49]  792.00 111 19.93 18.94 0.00 35 31 33 31 2 27 14 22
2/5/95 1248 794.00 114 20.83 18.96 0.01 35 31 33 31 22 27 17 22
2/5/05 14:49]  796.00 112 21.07 18.30 0.03 35 3 X 31 22 2 18 pz.
2/5/95 16:49]  798.00 113 20.86 18.51 0.0 35 31 X 31 22 27 18 22
2/5/95 18:49]  800.00 112 20.89 18.36 0.01 35 31 X 32 22 27 16 22
2/5/95 20:49] 802.00 111 22.80 16.03 0.02 35 31 33 . 22 27 14 22
2/5/9522:49] 804.00 111 21.98 16.82 0.03 35 31 33 32 22 27 13 22
2/6/95 0:49] 806.00 110 23.58 15.06 0.03 35 31 33 32 22 27 12 22
2/6/95 2:49]  808.00 114 21.53 17.39 0.03 35 31 33 32 22 27 1 22
2/6/95 4:49]  810.00 111 21.15! . 17.21 0.02 35 31 33 32 22 27 11 22
2/6/956:49] 812.00 112 21.10 17.37 0.04 35 31 33 32 22 27 10 22
2/6/95 8:49 14.00 110 22.20 15.61 0.02 35 31 3 32 22 27 11 22
2/6/95 10:49{ 816.00 107 23.70, 14.01 0.01 35, 31 33 2 22 27 12 22
2/6/95 12:49]  818.00 112 20.86 17.56 0.00 35 31 33 32 22 27 15 22
2/6/95 14:49]  820.00 4 0.00 0.00 0.01 35 31 34 32 22 27 16 29
2/6/85 15:16]  820.45 106 18.69 16.31 0.02 35 31 34 32 22 27 15 22
2/6/85 21:16]  826.45 111 23.37 14.51 0.01 35 31 34 33 22 27 15 22
27195 3:16] 83245 110 21.63 16.20 0.01 35 31 a: 33 2 27 15 22
217195 9:1 838.45 110 23.34 14.24 0.00 35 31 3 3 7. 27 16 2
27195 15:16]  844.45 113 20.67 17.55 0.00 35 31 KX 33 2: 27 19 22
277195 21:16]  850.45 111 21.66 15.39 0.01 35 31 3 3 2 27 15 2
2/8/953:16] 856.45 109 23.15 13.65 0.05 35 31 2 33 22 27 13 22
2/8/959:16] 862.45 116 2.9 15.37 0.00 35 3 33 33 22 27 14 2
2/8/95 15:16]  868.45 114 22.24 1594 0.01 35 3 32 33 22 27 19 2
2/8/9521:16] 874.45 114 21.48 16.30 0.03 35 3 3 33 22 27 14 p7)
2/9/95 3:16]  880.45 123 18.17 19.05 0.02 35 31 3 34 2 27 14 22
2/9/95 9:16]  886.45 115 26.75 12.50 0.00 35 31 33 34 22 27 15 22
2/9/95 15:16]  892.45 119 23.75 14.55 0.00 35 31 33 M 22 27 19 22
2/9/95 21:16{  898.45 113 21.25 15.7€ 0.00 35 31 34 M 22 27 17 22
2/10/953:16] 904 45 145 23.29 14.3 0.00 35 31 32 34 22 27 17 22




F. Topical Report of Tasks 12 & 13 Appendix B.

LABTECH NOTEBOOK Data Logged by on-site computer
Data file |
Time is 10:49:21.67.
Date is_1-03-1995.
ET. Voltage {Current! |[Current2 {FlowRate {Coretemp [T5 T7 T10 T42 T1 T1 T4
— Hours Volts [Amps Amps hr Deg CJ_ Deg C Deg C Deg C Deg C Deg C Deg C Deg C
2/10/859:16 910.45 117 21.99 15.57 0.00 35 3 32 34 22 27 17 22
2/10/95 15:16 916.45 118 20.69 17.37 0.01 35 31 31 4 22 27 23 22
2/10/9521:16] 922.45 114 2.7 13.96 0.00 35 31 32 34 22 27 19 22
2/11/853:16] 928.45 106 21.87 13.26 0.00 36 3 KX] 34 22 28 18 22
2/11/959:16]  934.45 118 22.30 16.33 0.00 36 31 32 35 22 28 18 22
2/11/05 15:16] 940.45 118 24.29 14.21 0.01 36 31 32 35 22 27 2 22
2111/9521:16] 946.45 116 19.43 15.68 0.02 36 31 a3 35 22 28 17 22
2112/953:16 952.45 116 21.32 15.00 0.03 36 31 33 35 22 28 15 22
2112195 9:16] 958.45 113 21.71 13.93 0.01 36 3 3 35 22 28 14 22
2112495 15:16] 964.45 117 19.86 16.71 0.00 36 N 33 35 22 28 20 22
2/112/9521:16] 970.45 116 23.72 12.85 0.02 36 31 33 35 2 28 17 22
2/13/95 3:16] 976.45 114 18.66 16.29 0.02 36 3 33 35 22 28 16 22
2/13/959:16! 982.45 113 21.74 13.51 0.01 36 31 33 35 22 28 17 22
2/13/9515:16] 988.45 128 21.52 19.97 3.91 36 31 30 35 22 28 21 22
2/13/9521:16] 994.45 115 21.40 17.44 0.99 36 31 31 35 22 28 18 22
2/14/95 3:16] 1000.45 102 24.39 11.60 0.69 36 31 33 35 23 28 17 22
2/14/95 9:16] 1006.45 3 0.00 0.00 481 36 31 37 35 2 28 16 22
2/14/95 15:16] 1012.45 108 21.84 15.83 0.00 36 31 13 35 22 28 18 22
2/14/9521:16] 1018.45 107 22.32 14.58 0.00 36 31 19 35 23 28 17 23
2/15/95 3:16] 1024.45 108 22.47 5.56 0.00 36 3 18 35 23 28 17 23
2/15/95 9:16]  1030.45 108 22.70 15.75 0.00 36 31 17 35 23 28 19 23
2/15/85 15:16] 1036.45 110 22.98 15.72 0.00 36 31 0 35 23 28 21 23
2/15/95 21:16| 1042.45 109 23.27 15.14 0.00 36 32 [1] 35 23 28 19 23
2/16/95 3:16| 1048.45 109 24.41 14.69 0.00 36 32 0 35 23 28 18 23
2/16/959:16] 1054.45] - 99 20.78 14.10 0.00 36 32 0 35 23 29 18 23
2/16/95 15:16| 1060.45 103 20.88 15.95 0.00 36 32 0 35 px 29 21 23
2/16/95 21:16| 1066.45 111 22.89 16.29 0.00 36 32 0 35 2 29 17 23]
2/17/95 3:16| 1072.45 106 19.82 17.05 0.00 36 32 0 35 px 29 16 23]
2/117/959:16| 1078.45 105 23.32 13.53 0.00 36 32 0 35 23 29 18 23}
2/17/95 15:16| 1084.45 106 24.24 13.42 0.00 36 32 0 35 23 28 25 23]
2/17/9521:16{ 1090.45 108 2381 13.78 0.00 36 32 0 35 23 28 18 23
2/18/953:16] 1086.45 115 22.80 17.20 0.00 37 32 0 35 23 29 16 23
2/18/959:16| 1102.45 105 21.25 15.30 0.00 37 32 0 35 23 29 18 23
2/18/95 15:16] 1108.45 108 21.82 14.84 0.00 37 32 [1] 35 23 29 27 23
2/18/9521:16] 1114.45 107 20.29 16.42 0.00 36 32 0 35 23 29 20 23
2/19/95 3:16| 112045 107 21.25 15.67 0.00 37 32 0 35 23 28 18 23
2/19/959:16| 1126.45 111 21.71 15.53 0.00 37 32 0 35 23 29 20 23
2/19/95 15:16] 1132.45 106 22.38 1346 0.00 37 32 D 35 23 28 28 23}
2/19/95 21:16] 1138.45 106 21.89 14.51 0.00 37 32 0 35 23 29 21 23
2/20/95 3:16] 1144.45 108 22.50 14.05 0.00 37 32 0 35 23 . 20 19 23|
2/20/95 9:16] 1150.45 104 22.80 12.83 0.00 37 32 0 35 23 29 21 23}
2/20/05 15:16] 1156.45 112 21.25 16.46 0.00 37 32 0 35 23 29 29 23]
2/20/95 21:16]  1162.45 108 21.34 15.05 0.00 37 32 0 35 23 29 22 23]
2/21/95 3:16] 1168.45 108 20.39 15.56 0.00 37 32 0 35 23 29 19 23}
2/21/95 16:54] 1182.08 107 20.26 17.52 0.00 36 2 0 35 23 29 24 29]
2/21/95 22:54] 1188.08 109 24.16 13.84 0.00 36 2 0 35 23 29 20 29]
2/22/95 4:54] 1194.08 107 20.56 16.97 0.00 37 32 (] 35 23 29 18 29]
2/22/95 10:54] 1200.08 3 0.00 0.00 0.00 37 33 0 35 23 29 25 29]
2/22/95 16:54| 1206.08 108 22.96 16.43 0.00 37 33 0 35 23 29 28 29}
2/22/95 22:54| 1212.08 108 2.2 17.48 0.00 37 33 [1] 35 23 29 22| . 29
2/23/954:54| 1218.08 109 23.60 15.12 0.00 37 33 [1) 35 23 29 21 28
2/23/85 10:54] 1224.08 108 21.64 17.69 0.00 37 33 0 35 23 29 27 29
2/23/95 16:54] 1230.08 108 19.85 18.84 0.00 7 x 0 35 23 29 28 29
2/23/95 22:54| 1236.08 108 21.52 17.46 0.00 7 3: 0 34 23 28 22 29
2/24/95 454 1242.08 107 21.64 18.57 0.00 37 3 0 34 23 29 9 29
2/24/85 10:54] 1248.08 103 21.71 15.53 0.00, 37 kX 0 35 23 30 25 29]
2/24/95 16:54] 1254.08 107 2.75 16.24 0.00 37 EX] 0 35 23 30| 26 29
2/24/95 22:54| 1260.08 106 21.30 17.20 0.00 7 33 0 35 23 30 20 29
2/25/95 4:54] 1266.08 118 21.18 21.89 0.00 38 33 0 35 px 30 18 29}
2/25/95 10:54] 1272.08 108 23.75 15.30 0.00, 38 34 0 34 23 30 26 29
2/25/95 16:54] 1278.08 110 21.43 17.97 0.00 38 34 0 34 23 30 28 29
2/25/95 22:54| 1284.08 108 19.97 19.14 0.00 a8 34 0 34 23 30 2 29
2/26/95 4:54) 1290.08 103 23.93 14.29 0.00 38 34 0 KT} 23 30 21 29
2/26/95 10:54] 1296.08 108 22.48 16.61 0.00 38 34 1] 3 23 30 29 29
2/26/85 16:54] 13 112 22.12 17.652 0.00 38 34 0 34 23 30 26 29
2126/95 22:54| 1308.08 111 19.93 18.07 0.00 38 34 0 34 23 30 23 29
2/27/95 4:54] 1314.08 110 18.3 2040 0.00 38 34 0 35 23 30 23 29
2/27/95 10:54| 1320.08 109 21.84 17.00 0.00 38 34 0 35 23 0 24 30
2/27/95 16:54| 1326.08 110 22.06 18.21 0.00 38 34 0 35 23 30 25 30
2127195 22:54| 1332.08 110 22.02 17.56 0.00 38 34 0 35 3 30 px] 30
2/28/95 4:54| 1338.08 108 20.77 18.36 0.00 38 34 0 34 23 31 22 30
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» F. Topical Report of Tasks 12 & 13 Appendix B.

LABTECH NOTEBOOK Data Logged by on-site computer
Data file
Time is 10:49:21.67.
Date is 1-03-1995.
IET. Voltage [Currenti |Current2 rF_iawRate Coretemp {15 ird T10 T12 Tt T1 T1
Hours _{Volts |Amps _ [Amps Tuhr DegC |DegC  DegC  DegC [DegC [DegC [DegC Deg C
2/28/95 10:54] 1344.08 106 20.97 18.82 0.00 38 34 0 34 23 31 22 30
. 2128/95 16:54] 1350.08 108 2133 18.94 0.00 38 35 0 34 23 A 22 30
2/28/95 22:54| 1356.08 108 19.22 20.32 0.00 38 35 0 M 23 31 20 30
14195 4:54| 1362.08 114 19.85 22.38 0.00 39 3B 0 34 24 31 19 30
3/1/95 10:54] 1368.08 109 2360 16.14 0.00 38 35 0 34 24 31 24 30,
/195 16:54| 1374.08; 109, 2322 16.31 0.00 39 35 4 34 23 31 25 30
3/1195 22:54] 1380.08 107 20.39 18.45 0.00 39 36 1" 34 24 31 20 30
3/2/95 4:54] 1386.08 107 18.29 19.24 0.00 38 35 17 34 24 31 18 30
3/2/95 10:54| 1382.08] 107 21.07 17.48 0.00 39 35 15 35 23 3 2 30
3/2/95 16:54| 1398.08 107 19.08 18.09 0.00 39 335 12 35 23 3 21 30
32/8522.54] 1404.08] 107 2234 16.10 0.00 39 35 7 35 24 31 18 30|
3/3/95 4:54] 1410.08 106 21.98 15.86 0.00 39 35 0 35 24 A 18 30
3/3/95 10:54] 1416.08 106 20.45 16.85 0.00 39 35 9 36 24 31 21 30
3/3/95 16:54] 1422.08 105 20.57 16.71 0.00 39 35 11 _36 23 31 22 30
3/3/95 22:54| 1428.08 110 21.76 16.05 0.00 39 35 0 36 23 3 20 30
3/4/95 4.54] 1434.08 107 20.62 16.28 0.00 39 35 0 36 24 3N 18 30
3/4/95 10:54! 1440.08 105 21.83 14.86 0.00 38 b 0 36 24 A 26 30
3/4/95 16:54] 1446.08 107 18.68 17.20 0.00 38 35 4 36 24 K] 26 30
4/95 22.54] 1452.08 112 19.23 17.68 0.00 39 35 0 36 24 3 22 30
3/5/954:54] 1458.08 108 24.07 12.73 0.00 39 35 0 36 24 31 22 30
3/5/95 10:54] 1464.08 108 19.07 17.10 0.00 38 35 0 36 24 31 23 30
35095 16:54] 1470.08 105 22.02 13.91 0.00 39 35 0 36 24 31 24 30
3/5/95 22:54]| 1476.08 108 17.62 18.30 0.00 339 35 g 36 24 31 22 30,
3/6/854:54] 1482.08 105 21.38 14.20 0.00 39 35 0 36 24 31 21 30
3/6/95 10:54] 1488.08 110 24.48 12.09 0.00, 40 35 0 36 24 31 23 30
3/6/95 16:54] 1494.08 110 22.66 15.27 477 40 35 0 36 24 31 27 30
3/6/95 22:54| 1500.08 110 22.57 15.41 4.62 40 35 0 36 24 31 24 30
3/7/95 4:54] 1506.08 108 2357 14.54 457 40 K] 0 36 24 31 23 30
3/7/95 10:54] 1512.08 107 21.63 15.55 5.32 40 35 0 36 24 31 3 30
3/7/95 16:54| 1518.08 103 2318 14.21 481 40 35 0 35 24 31 21 30,
J7/9522:54| 1524.08] 107 21.67 16.10 455 40 35 0 35 24 3 19 30
3/8/954:54] 1530.08] 107 2088 17.02 462 40 35 0 36 24 31 18 KX
3/8/95 10:54] 1536.08 108 19.76 17.88 454 40 35 ] 36 24 31 21 31
8795 16:54] 1542.08 121 22.32 18.58 4.65 40 35 [1] 36 24 31 24 31
‘895 22:54| 1548.08 106 22.31 15.24 4.27 40 35 1] 36 24 31 18 31
3/9/954:54] 155408) 105 2263 14.87 427 40 35 0 36 24 31 17 31
3/9/95 10:54; 1560.08 103 23.44 13.55 428 40 35 0 36 24 31 21 3
3/9/95 16:54] 1566.08 108 2319 15.04 427 40 35 0 36 24 3 27 31
3/9/95 22:54] 1572.08 105 21.10 15.65 4.05 40 35 0 36 24 31 19 31
3/10/95 4:.54] 1578.08 103 20.42 16.35 397 40 3 0 36 24 32 17 A
3/10/95 10:54] 1584.08 110 19.47 18.35 4.60 a1 35 0 37 24 32 27 31
3/10/95 16:54] 1590.08 106 20.80 16.72 4.07 40 35 4] 37 24 3 30 31
3/10/95 22.54] 1596.08 107 20.05 17.26 4.86 40 35 0 37 24 31 21 31
11/954:54] 1602.08] 106] 2171 5.22 458 41 35 0 37 24 7] 19 3
3/11/95 10:54] 1608.08 110 21.60 16.61 4.35 41 36 0 37 24 32 29 31
3/11/95 16:54] 1614.08 110 2057 17.02 443 41 35 [1] 37 24 3 31 31
311/85 22:54] 1620.08 108 22.01 15.74 4.24 41 35 0 37 24 32 24 31
12/85 454 1626.08 110 22 15.93 4.30 41 35 0 37 24 32 21 3
3/12/95 10:54] 1632.08 107 22.81 14.90 4.40 41 36 0 37 24 32 31 31
3/12/95 16:54] 1638.08 108 18.49 19.00 433 41 35 0 37 24 32 33 N
3/12/95 22:54] 1644.08 111 18.55 19.07 414 41 % [1] 37 24 32 26 31
3/13/85 4:54] 1650.08 108 22.22 15.38 3.83 41 36 0 37 24 32 24 31
3M13/85 10:54| 1656.08 110 21.88 16.47 A1 41 36 1] 37 24 32 32 31
3/13/85 16:54; 1662.08 110 20.79 18.26 4.16 a1 36 g 37 24 32 33 31
3/13/95 22:54] 1668.08] 109 19.36 18.66 524 41 3% 0 7 24 32 26 3
3/14/954:54] 1674.08 110 2.20 16.18 4.60 41 36 0 37 24 32 24 3]
3/14/95 10:54| 1680.08 108 20.37 17.78 447 [1] 36 0 k14 24 32 33 31
3/14/95 16:54| 1686.08 111 22.79 16.56 4.24 41 3% 0 37 24 32 34 31
3/14/95 22:54| 1692.08 108 18.90 18.92 4.21 M 36 4] 37 24 3z 27 3
3/15/954:54| 1698.08] 109 17.84] 2067 4.41 41 36 0 37 24 ¥ 24 31
3/15/95 10:54] 1704.08 108 19.89 20.08 3.29 41 36 9 37 25 32 32 31
3/15/85 16:54] 1710.08] 107 2546 13.88 4.09 41 36 0 36 24 32 36 31
3/115/9522:54] 1716.08 107 19.70 18.91 417 41 36 0 36 24 2 25 31
3116195 4:54] 1722.08 106 19.42 18.91 4.88 41 36 0 36 24 32 23 3
3/16/95 10:54] 1728.08 110 20.61 19.11 5.26 41 36 0 36 24 32 36 31
3/16/95 16:54| 1734.08] 111 2405 16.21 5.02 41 36 0 36 24 32 37 31
/16/95 22:54! 1740.08 110 21.82 17.62 4.94 41 36 0 37 24 32 26 31
31795 4:54] 1746.08 108 19.81 19.32 473 41 36 1) 37 24 32 23 31
3117795 10:54] 1752.08 110 20.79 18.84 464 42 37 0 37 25 32 37 31
3/17/95 16:54] 1758.08 108 2237 17.20 5.29 M 37 0 7 24 32 36 )
3/17/95 22:54| 1764.08 108 17.58 20.99 4.54 42 37 0 37 25 33 25 3
F-45
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F., Topical Report of Tasks 12 & 13 Appendix B.

[CABTECH NOTEBOOK Data Logged by on-site computer
Data file |
Time is 10:49:21.67.
Date is_1-03-1995.
ET. Voltage [Current! |Cumrent2 |[FlowRate jCoretemp {TS 17 T10 T12 T1 T1 T1
— Hours Volts  [Amps Amps vhr Deg C DegC [DegC Deg C DegC_DegC Deg C Deg C
3/18/95 4:54] 1770.08 107 20.11 18.65 4.48 42 37 [}] 7 25 KX 23 32
3/18/95 10:54] 1776.08 109 20.08 18.80 4.89 42 7 0 37 25 33 38 2
3718/95 16:54| 1782.08 105 23.86 14.77 5.01 41 7 0 37 24 32 39 31
3/18/5 22:54| 1788.08 107 19.89 18.90 463 42 7 0 37 25 33 26 32
3/19/95 4:54] 1794.08 108 20.45 18.24 2.49 42 37 0 37 25 33 25 32
3/19/95 10:54| 1800.08 106 20.38 18.42 204 42 37 1] 38 25 33 39 32
3/19/95 16:54] 1806.08 110 20.86 18.57 0.31 42 37 0 37 25 33 38 32
/19/9522:54] 1812.08 107 18.29 20.37 4.56 42 37 0 37 25 33 28 K.
3/20/95 4:54] 1818.08 106 20.90 17.90 4.56 42 37 0 37 25 33 28 2
320/95 10:54] 1824.08 110 19.61 19.48 4.64 42 38 1] 38 25 3 30 32
3720195 16:54| 1830.08 107 2359 15.65 4.51 42 38 0 38 25 33 35 32
3/20/95 22:54! 1836.08 105 18.91 19.46 4.46 42 38 0 38 25 3 24 32
3/21/95 4:54] 1842.08 106 19.65 18.45 4.34 42 38 [+] 38 25 33 20 32
3/21/95 10:54] 1848.08 110 20.18 18.56 4.27 42 38 1) 38 25 33 34 32
3/21/95 14:35] 1851.77 105 19.51 18.71 4.36 42 38 0 38 25 3 43 32
3/21/95 20:35| 1857.77 106 19.37 19.45 4.36 42 38 0 38 25 33 27 32
3722195 2:35{ 1863.77 104 22.14 16.71 4.38 42 38 0 38 25 34 25 32
3/22/95 8:35] 1869.77 3 0.00 0.00 3.18 42 38 a 38 25 33 27 32
22195 14:35! 1875.77 108 20.77 19.35 4.29 42 38 0 37 25 3 40 32
322,95 20:35] 1881.77 109 21.86 18.55 454 42 a8 0, 7 25 34 27 32
323/85 2:35| 1887.77 111 21.92 18.58 4.59 42 38 0 37 25 34 25 32
3/24/95 13:29] 1922.67 110 21.55 18.23 4.60 42 38 0 37 25 33 37 32
3/24/95 19:29] 1928.67 106 21.60 17.66 4.46 42 38 0 7 26 34 24 33
25095 1:29] 1934.67 106 20.52 18.36 4.45 42 39 0 37 26 34 19 33
3/26/05 7:29] 1940.67 105 20.36 18.10 4.45 43 39 0 37 26 H 21 33}
A25/95 13:29] 1946.67 111 23.16 17.15 4.58 43 39 0 37 26 34 35 33
/265/95 19:29] 1952.67 109 26.65 12.65 4.46 43 39 [ 37 26 34 24 33}
3/26/95 1:29] 1958.67 109 20.52 18.75 4.41 43 39 1] 37 26 34 22 33}
3/26/95 7:291 1964.67 108 19.47 19.15 444 43 39 0 37 26 34 22 33|
3/26/95 13:29] 1970.67 106 23.18 15.59 4.64 4 39 [\] 37 26 34 35 33}
3r26/95 19:29| 1976.67 105 2244 16.18 4.61 43 39 0 37 26 34 29 33
27195 1:29] 1982.67 108 20.55 18.53 4.63 43 39 1) 37 26 34 26 33
3/27/95 7:29] 1988.67 106 20.92 17.78 4.61 43 39 0 37 26 34 24 33
3/27/95 13:29] 1994.67 11 20.09 19.93 4.92 43 K- 0 38 26 35 35 33]
3/27/95 19:29] 2000.67 106 21.31 17.80 4.52 4 39 0 i 26 34 25 33|
3/28/95 1:29] 2006.67 108 18.40 20.96 4.53 43 30 0 38 26 KT} 20 33]
3/28/95 7:29] 2012.67 108 19.98 18.60, 4.47 43 39 0 38 26 35 21 33}
3/28/95 13:29] 2018.67 108 21.24 18.51 2.72 43 39 0 38 26 35 34 33}
3/28/95 19:29] 2024.67 107 20.78 17.80 3.65 43 39 0 38 26 34 24 33}
3/29/95 1:29{ 2030.67 108 20.36 18.52 3.89 43 39 [+] 38 26 34 20 33)
3/29/95 7:29] 2036.67 107 22.40 16.81 4.24 43 39 0 38 26 34 21 33
3/29/95 13:29{ 2042.67 109 21.42 17.45 442 4! 39 [1] 38 26 34 27 33
3/29/95 19:29| 2048.67 108 20.37 19.46 4.25 4 39 [+] 38 26 34 21 33
330/95 1:29] 2054.67 105 20.21 18.91 4.3 43 38 0 37 26 34 [ 33
3/30/95 7:29| 2060.67 105 19.79 19.16 4.48 43 -] 0 kyd 26 34 20 33}
3/30/95 13:29] 2066.67 109 19.59 19.83 4.61 43 KT 0 38 26 35 3 34|
3/30/95 19:29] 2072.67 106 20.34 18.98 4.59 4 39 0 37 26 34 22 33
3/31/95 1:289| 2078. 106 19.18 19.52 451 4 39 0 37 26 34 18 33}
3/31/95 7:29| 2084.67 105 21.63 17.19 4.51 43 39 4] 33 26 M 18 34}
3/31/85 13:28| 2090.67 109 16.12 23.14 4.61 43 39 [)] 38 26 a5 30 34
3/31/95 19:29]| 2096.67 106 20.67 18.38 4.24 43 39 0 38 26 34 21 34
4/1/95 1:29] 2102.67 107 22.05 16.67 4.54 43 39 0 38 26 34 17 34
ANP57:29] 2108.67 106 21.96 16.65 4.56 43 38 0 38 26 35 20 34
4/1/95 13:29| 2114.67 109 20.84 18.73 4.74 43 39 0 38 26 34 27 34y
4/1/95 19:29| 2120.67 104 19.97 18.46 4.78 43 39 0 38 26 34 21 M
4/2/95 1:29] 2126.67 108 2.2 17.14 4.56 43 39 0 k] 26 34 17 34
472195 7:29| 2132.67 107 18.52 20.57 4.59 43 39 0 38 26 35 20 34
472795 13:29] 2138.67 111 21.55 18.04 4.47 44 39 0 38 27 35 40 34
47295 18:29| 2144.67 105 2207 16.24 4.64 43 39 0 38 26 34 26 34
473195 1:29] 2150.67 107 18.85 19.83 4.56 43 39 0 38 26 34 22 34
4/3/95 7:29| 2156.67 07 19.56 18.88 4.56 43 39 [4] 38 26 35 25 @I
4/3/95 13:29| 2162.67 108 19.86 18.88 4.69 4 39 0 k] 26 35 7 M
4/3/95 19:29| 2168.67 109 22.38 17.30 4.15 43 39 0 38 26 35 26 34}
4/4/95 1:29] 2174.67 108 20.23 19.03 4.08 44 30 0 38 26 35 23 34]
4/4/95 7:29] 2180.67 107 16.94 21.90 4.14 44 39 0 38 26 35 21 34
4/4795 13.29] 2186.67 106 19.75 18.89 4.84 44 39 0 39 26 35 37 34
4/4195 19:29| 2192.67 106 18.95 18.95 4.78 43 39 0 39 26 35 22 34
4/5/95 1:291 2198.67 03 20.40, 7.21 4.64 43 39, [+] 38 26 35 19 34
4/5/95 7:29] 2204.67 106 23.71 14.69 4.70 44 39 0 39 26 35 2 34
4595 13:29] 2210.67 109 24,61 14.71 4.82 44 39 0 39 26 35 38 34}
A/5/95 19:29] 2216.67 105 20.71 17.49 4.89 43 39 0 39 26 35 25 34|
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F. Topical Report of Tasks 12 & 13 Appendix B.

LABTECH NOTEBOOK Data Logged by on-site computer
Data file
Time is 10:49:21.67.
Date is_1-03-1995.
ET. Voltage {Current1 [Current2 |FlowRate |Coretemp [T5 17 710 T12 T1 T1 T1
Hours  [Volts |Amps Amps e DegC _|DegC  1DegC Deg C Deg C Deg C Deg C Deg C
4/6/95 1:291 222267 105 19.09 18.94 4.72 43 39 1] 38 26 35 20 34
4/6/95 7:29| 2228.67 108 20.07 18.19 477 43 39 0 3 26 35 23 M
4/6/95 13:28| 2234.67 110 22.30 17.13 4.98 43 39 0 38 26 35 44 34
4/6/95 19:29| 2240.67 107 23.30 15.30 4.78 43 38 [1] 3 26 35 28 34
417195 1:29] 2246.67 109 21.75 16.43 473 43 39 0 39 26 35 23 3
417195 7:291 2252.67 107 19.27 18.09 4.76 43 39 0 39 27 35 27 34
417795 13:29; 2258.67 109 20.67 18.43 477 43 39 0 39 26 35 4 34
417195 19:28| 2264.67 106 17.16 20.71 4.81 43 39 0 3 26 35 30 34
4/8/05 1:29| 2270.67 107 21.19 17.27 4.70 43 38 [} 38 27 35 26 34
4/8/95 7:29] 2276.67 108 19.45 18.33 4.83 43 38 0 39 27 35 28 4]
4/8/95 13:29] 2282.67 108 21.83 16.86 4.75 43 38 0 A9 2 35 46 3q
4/8/95 19:29| 2288.67 108 18.73 19.08 4.86 43 39 0 39 26 35 31 34
479/95 1:29] 229467 106 20.56 17.43 4.64 43 39 0 39 27 35 27 34
4/9/95 7:29{ 2300.67 107 17.13 20.16 459 43 39 0 39 27 35 29 _34]
4/9/95 13:28| 2306.67 112 18.38 20.63 4.78 43 39 0 39 27 35 48 35
4/9/95 19:29] 2312.67 110 18.92 9.71 4.61 43 39 0 39 27 35 33 34
4/10/95 1:29; 2318.67 105 20.18 17.14 453 43 39 0 39 27 35 28 34
410/857:29] 2324.67 107 21.69 16.52 4.42 44 39 0 39 27 36 3 35!
4/10/85 13:29| 2330.67 111 17.73 20.95 451 44 39 0 39 27 35 52 35
4/40/95 19:29] 2336.67 110, 20.77 7.28 4.03 43 39 0 39 27 35 33 34
411195 1:29| 2342.67 106 18.74 18.55 3.89 43 39 [+] 39 27 36 28 34
41195 7:29] 2348.67 105 21.85 15.77 383 43 40 0 k=) 27 36 28 34
4/11/95 13:29] 2354.67 110 22.60 15.86 6.86 43 40 [)] 39 27 36 34 35
4/11/95 19:29] 2360.67 106 20.53 16.88 4.70 43 40 0 39 27 36 24 34
4/12/95 1:29] 2366.67 107 20.30 17.06 4.49 43 40 1] 39 27 36 22 34
4/12/957:29] 2372.67 3 0.00 0.00 3.91 43 40 32 39 27 36 28 35
4712/95 13:29] 2378.67 109 19.90 20.67 303 43 40 0 38 27 36 M 35
4/12/95 19:29] 2384.67 106 20.77 19.61 468 43 40 [}] 38 27 36 21 34
4/13/95 1:29] 2390.67 107 21.88 18.67 5.12 43 40 0 38 27 36 19 34
4/13/95 7:29] 2396.67 107 21.25 19.12 5.03 43 40 [] 38 27 36 23 35
4/13/95 13:29] 2402.67 111 20.26 20.48 5.1 44 40 0 39 27 36 38 __ 35
4/13/95 19:29] 2408.67 108 21,18 18.83 5.05 43 40 0 39 27 36 25 35
4/14/95 1:29] 2414.67 107 21.70 18.27 4.93 43 40 3 39 27 36 19 35
4/14/957:29] 2420.67 110 23.49 16.83 4.38 43 40 4 39 27 37 26 35
4714195 13:29] 2426.67 4 0.00 0.00 482 43 40 22 39 27 36 48 35
4/14/95 19:29]| 2432.67 107 19.74 19.48 24 43 40 0 9 27 36 28 35
4/15/95 1:29| 2438.67 109 22.12 17.63 4.12 43 40 [1] 39 27 k14 24 35
4/15/957:29] 2444.67 107 20.45 18.68 4.27 43 40 0 39 27 37 29 35
4/15/95 13:29] 2450.67 112 23.00 17.91 4.47 43 40 [}] 39 27 37 44 35
4/15/95 19:29] 2456.67 109 21.54 18.06 437 43 40 0 3 27 37 32 35
4/16/95 1:29| 2462.67 107 20.29 18.81 4.40 43 40 0 39 27 37 28 35
4/16/95 7:29] 2468.67 107 18.92 20.18 4.33 43 40 0 40 28 37 30 35
4/16/95 13:29] 2474.67 113 20.96 20.31 4.51 43 40 3 40 28 37 42 35
4/16/95 19:28| 2480.67 107 20.04 19.67 4.49 43 40 11 40 27 37 31 35
4717195 1:28| 2486.67 105 23.82 15.37 442 43 40 22 40 28 37 29 3§I
4/17/957:29] 2492.67 107 21.45 18.26 4.49 43 40 35 40 28 7 32 35
4/17/95 13:28( 2498.67 109 19.22 20.83 4.16 43 40 31 40 28 37 38 35
4/17/95 19:.29( 2504.67 108 18.31 20.19 4.25 43 40 32 40 28 37 30 35
4/18/95 1:29| 2510.67 109 22.68 17.10 4.29 43 40 37 40 28 37 29 35
4/18/95 7:29; 2516.67 108 20.11 19.24 4.34 43 41 40 40 28 37 2 g{
4/18/95 13:29; 2522.67 108 20.78 19.08 4.38 44 41 42 40 28 37 43 35
4/18/95 19:20] 2528.67 110 23.68 16.73 4.36 43 41 30 40 28 37 30 35
4119/95 1:29{ 2534.67 108 21.46 18.27 4.22 44 41 38 40 28 37 25 35
4/19/95 7:29| 2540.67 105 22.66 17.15 4.1 44 41 186 40 28 37 28 35
4719795 13:20] 2546.67 110 21.29 19.48 4.30 44 41 186 40 28 37 44 35
4/19/95 19:29] 2552.67 110 21.35 18.56, 421 44 4 186 40 28 37 31 35,
4720/95 1:29] 2558.67 107 21.83 18.17 5.49 44 41 186 40 28 38 26 35
4/20/957:29] 2564.67 108 21.35 18.89 5.15 44 4 186 40 28 38 26 35
4/20/95 13:28] 2570.67 106 21.76 18.61 4.68 44 41 186 40 28 38 40 35
4/20/95 19:29] 2576.67 107 22.11 18.92 9.73 44 41 186 40 28 38 28 35
4r21/95 1:29] 2582.67 106 21.19 20.49 9.59 44 41 186 40 28 38 25 35
4r21/95 7:29] 2588.67 107 22.20 19.94 6.10 44 41 186 40 28 38 28 35
4/21/95 13:29] 2594.67 108 24.35 17.65 452 44 41 186 40 28 38 44 36
4/21/95 19:29] 2600.67 110 22.68 18.30 6.10 44 41 186 40 28| 38 30 35
4122195 1:28| 2606.67 109 19.61 22.62 454 44 41 186 40 28 38 24 35
4122195 7:29] 2612.67 106 21.86 19.36 4.75 44 41 186 41 28 38 25 36
4/22/95 13:29{ 2618.67 107 22.10 19.35 5.00 44 41 186 41 28 38 41 36
4722195 19:28| 2624.67 107 20.02 21.05 4.70 44 41 186 41 28 38 26 36
4/23/95 1:29| 2630.67 107 22.29 18.82 4.88 44 41 186 41 28 38 24 36}
4/23/957:29| 2636.67 106 21.76 18.73 491 44 41 186 41 28 38 23 36|
423095 13:29] 264267 108 21.47] _ 19.98 6.95 a4 41 186 a1 28 38 24 36}
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F. Topical Report of Tasks 12 & 13 Appendix B.

[CABTECH NOTEBOOK Data Logged by on-site computer
Data file 1
Time is 10:49:21.67.
Date is 1-03-1995.
E.T. Voltage [Current! |Current2 IFIowRate Coretemp {T5 T7 T10 T12 T1 T T1
Hours _ |Volts |Amps Amps r____ 1DegC 1DegC _|DegC Deg C Deg C Deg C Deg C Deg C
4/23/95 19:29] 2648.67 106 18.89 21.54 5.32 44 41 186 41 28 38 18 36]
4724/95 1:29] 2654.67 106 19.63 20.63 5.37 44 41 186 41 28 38 17 36]
4124/95 7:29| 2660.67 108 22.96 18.10 5.00 45 41 186 41 28 38 23 36]
4/24/95 13:29] 2666.67 109 21.21 20.08 3.88 45 41 186 40 29 39 38 36
4/24/95 19:29{ 2672.67 107 18.54 21.44 4.30 45 41 186 40 28 38 21 36
4/25/95 1:29| 2678.67 105 19.43 19.68 4.54 45 41 186 40 2 38 19 36
4125095 7:29| 2684.67 108 21.65 18.96 5.13 45 41 186 40 28 38 29 36
4/25/95 13:29| 2690.67 110 22.18 18.61 4.47 45 42 186 40 29 38 51 36
4/25/95 19:29] 2696.67 109 23.60 16.73 4.50 45 41 186 40 28 38 27 36
4/26/95 1:28] 2702.67 105 21.82 17.22 4.29 45 41 186 40 28 38 23 36
4/26/95 7:29| 2708.67 107 24.85 15.2° 4.41 45 42 186 40 28 38 31 36|
4/26/95 13:28] 2714.67 108 22.13 18.33 6.75 45 42 186 40 29 38 54 36|
4/26/95 19:29| 2720.67 109 20.77 19.24 4.20 45 42 186 40 28 38 29 36]
4/27/95 1:29] 2726.67 106 20.97 18.11 4.24 45 42 186 40 29 38 26 36}
4127195 7:29] 27132.67 98 22.43 14.62 4.34 45 42 186 40 --29 38 26 36
4/27/95 13:29( 2738.67 110 20.50 19.45 4.16 45 42 186 40 29 38 45 36
427195 19:29{ 2744.67 105 21.19 17.28 4.21 45 42 186 40 28 38 26 36
4/28/95 1:29{ 2750.67 107 20.50 18.52 4.11 45 42 186 40 29 38 21 36
4/28/95 7:29] 2756.67 109 18.86 19.54 4.04 45 42 186 40 29 38 29 36
4/28/85 13:29| 2762.67 111 21.41 18.82 4.10 45 42 186 41 29 38 56 37
4/28/95 19:29] 2768.67 108 27.07 12.89 4.19 45 42 186 41 29 38 28 36
4/29/95 1:29] 2774.67 108 18.26 20.49 4.52 45 42 186 41 29 38 23 36
4/29/95 7:29| 2780.67 120 22.49 19.65 4.08 45 42 186 41 29 38 29 36}
4/29/95 13:29] 2786.67 108 18.83 19.98 3.96 45 42 186 41 29 38 36 36
4/29/95 19:29] 2792.67 107 21.27 17.20 4.08 45 42 186 41 29 38 26 36
4730/95 1:29] 2798.67 111 21.66 18.78 4.09 45 42 186 41 29 38 24 36
4/30/95 7:29| 2804.67 108 21.70 16.82 3.98 45 42 186 41 29 38 27 37
4/30/95 13:29] 2810.67 107 24.36 14.58 4.04 45 42 186 41 29 38 36 37
4/30/95 19:29] 2816.67 106 20.56 17.00 4.03 45 12 186 41 28 38 25 36(
5/1/95 1:20] 2822.67 107 20.48 17.27 391 45 2 186 41 29 38 24 37
511105 7:29] 2828.67 109 22.60 15.74 577 45 42 186 41 29 38 23 7
reverse polarity
5/1/95 12:19] 2833.50 105 20.34 23.29 524 45 2 0 41 29 38 21 7
5/1/95 18:19] 2839.50 107 20.47 24.35 0.10 45 42 0 41 29 38 19 36
57295 0:19] 2845.50 107 21.64 23.37 0.1 45 42 0 41 29 38 17 36
5/2/95 6:19] 2851.50 106 20.96 24.21 0.05 45 42 0 41 29 38 19 37
5/2/95 12:19; 2857.50 90 16.00 21.93 4.56 45 42 0 41 29 39 56 37
5/2/95 18:19] 2863.50 88 15.27 22.28 1.80 45 42 0 41 28 38 26 37
5/3/95 0:19] 2869.50 88 15.22 21.78 1.44 45 42 0 40 29 39 19 36
5/3/95 6:19] 2875.50 88 16.96 20.05 1.38 45 42 0 40 29 39 23 36
5/3/95 12:19] 2881.50 90 14.28 22.55 1.84 45 42 0 40 29 39 34 37
5/3/95 18:19] 2887.50 90 14.54 22.65 3.22 45 42 3 40 29 39 24 36
5/4/95 0:19{ 2893.50 86 15.94 20.88 3.90 45 42 68 40 29 38 22 37
5/4/95 6:19] 2899.50 87 15.10 21.02 3.58 45 42 90 40 29 38 22 37
5/4/95 12:19| 2905.50 87 16.34 19.84 3.61 45 42 186 39 29 39 30 37
5/4/95 18:18| 2911.50 90 15.37 21.44 3.56 45 42 186 39 29 40 25 37
5/5/95 0:19{ 2917.50, 87 17.82 18.07 332 45 41 186 39 28 40 22 36]
5/5/95 6:19] 2923.50 85 15.23 20.02 308 44 41 186 38 29 40 22 36]
5/5005 12:19] 2929.50 90 15.63 20.45 312 45 42 186 38 29 40 63 37]
5/5/05 18:19] 2935.50 87 16.46 18.88 3.35 44 41 186 39 29 40 3 36}
5/6/95 0:19] 2941.50 87 15.85 18.94 2.81 44 41 186 39 29 40 22 36]
5/6/95 6:19| 2947.50 89 15.56 18.10 2.90 44 41 186 39 29 40 24 36]
5/6/95 12:19| 2953.50 89 16.63 18.26 3.18 44 41 186 39 29 40 44 36}
5/6/85 18:19| 2959.50 90 15.27 18.39 3.00 44 41 186 38 29 40 28 36}
5/7/95 0:19| 2965.50 89 17.64 16.91 3.03 44 41 186 38 29 40 23 36|
5/7/85 6:19| 2971.50 87 15.33 19.40 2.91 44 41 186 38 29 41 26 36|
5/7/95 12:19] 2977.50 90 16.63 18.26 3.13 44 41 186 38 28 41 64 36}
5/7/95 18:19| 2983.50 88 16.82 16.66 3.12 44 41 186 38 28 41 R 36}
5/8/95 0:18( 2989.50 89 14.67 18.94 297 44 41 186 38 28 41 27 36}
5/8/95 6:19] 2905.50 88 16.13 16.33 2.90 44 41 186 38 29 41 28 36
5/8/95 12:18| 3001.50 89 15.13 17.37 2.88 44 41 186 38 29 41 45 36
5/8/95 18:18| 3007.50 89 15.26 17.05 454 44 41 186 38 29 41 30 36
5/9/95 0:18| 3013.50 88 16.49 16.49 4.84 44 41 186 38 29 41 27 36
5/9/95 6:19] 3019.50 88 16.49 16.70 3.84 44 41 186 38 29 41 28 36}
5/9/95 12:18| 3025.50 2 0.00 0.00 1.17 44 41 [1] 38 29 40 55 36
$/9/95 12:20| 3025.52 2 0.00 0.00 1.10 44 41 1] 38 29 40 55 36
5/9/95 18:20] 3031.52 1 0.00 0.00 0.00 43 41 [)] 38 28 38 33 36
S/10/95 0:20| 3037.52 1 0.00 0.00 0.00 43 40 0 k14 29 38 25 36
5§/10/95 6:20] 3043.52 1 0.00 0.00 0.00 43 40 0 7 29 39 25 35
5/10/95 12:20| 3049.52 1 0.01 __0.00 0.00 43 40 0 37 28 39 34 35
5/10/95 18:20] 3055.52 1 0.00 0.00 0.00 LX) 40 0 37 28 38 27 _35]
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F. Topical Report of Tasks 12 & 13 Appendix B.

[CABTECH NOTEBOOK Data Logged by on-site computer
Data file |
Time is 10:49:21.67.
Date is_1-03-1995
ET. __ |Votage |[Cumenti |Cumrent2 |FiowRate (Coretemp [15 7 T10 T2 T T 71
Hours _ [Volis _ 1Amps Amps Ihr _Degc _Deqc Deg C Deg C Deg C Deg C Deg C Deg C
5/11/95 0.:20] 306152 0 0.00 0.00 0.00 6] 40 0 37 29 38 20 35
S11/95 6:20] 3067.52 0 0.00 0.00] 000 43 40 0 37 29 38 21 35
5/11/95 12:20] 3073.52 0 0.00 000 0.00 42 40 0 37 29 38 26 35
5/11/95 16:20] 3079.52 0 0.00 0.00 0,00 43 40 0 37 28 ) 23 35
5/12/95 0:20|_3085.5 ] 0.00 0.00 0.00 42 39 0 3% 28 38 19 35
5/12/95 6:20]_3091.52 ] 0.00 0.00 0.00 42 39 4 3% 28 38 21 35
5/12/95 12:20]_3097.52 0 0.01 0.01 0.00 42 39 8 K 28 37 48 35
5/12/95 18:20]_3103.5 0 0.00 0.00 0.00 a1 3 11 3% 28 37 28 34
S13/95 0:20] 3109.52 0 0.00 0.00 0.00 41 39 14 3% 26 37 2 35
513795 6:20[_3115.52 0 0.00 0.00 0.00 41 3 16 3% 28 37 23 34
5HM3/95 12:20] 3121.52 0 0.00] 000 0.00 4 38 17 36 28 37 30 34
5/13/95 1820 3127.52 0 0.00 0.00 0.00 41 38 8 £ 28 % 30 34
5114195 0:20]_3133.52 0 0.00 0.00 6.00 41 38 11 35 2 36 27 34
5714195 6:20] 3139.52 ] 0.00 0.060] 000 a1 38 13 3 2 3% 27 34
5/14195 12:30]_3145.52 0 0.00 0.00 0.00 40 38 12 35 28 36 ) 34
5/14/95 18:20]_3151.57 0 0.00 0.00[ __ 0.00 40 37 13 35 28 35 3 34
5595 0:20_3157.52 o 000 000 000 40 37 14 35 28 % 26 34
5/15/95 6:20] 3163.52 0 0.00 000 000 40 37 10 ES 28 % 25 34
S/5/95 12:20] 316952 0 0.01 0.01 .00 0 37 10 35 28 35 50 34
SM5/85 18:20] 317552 0 0.00] 000 000 40 37 11 34 28 35 31 33
516/95 0:20] 3181.52 0 000 __o000[ 000 40 37 i 34 28 35 23 33
5/16/95 6:20|_3187.52 0 0.00 0.01 0.00 40 37 10 34 28 3B 25 3
5M6/95 12:20] 319352 0 0.00 0.01 0.00 39 37 10 4 28 ES 6 3
5/16/95 18:20] 3199.52 0 0.00 0.00[ 000 39 37 11 34 7 35 3 33|
5/17/95 0:20] 320552 0 000 000, 000 39 % 11 34 27 35 27 33|
5/17/95 6:20|_3211.52 o 000 0.00] 000 39 3% 1 34 27 35 24 3]
57795 12:20]_3217.52 o 000 0.00] 000 39 36 13 34 28 £ 42 33]
8/17/95 18:20] 3223.5; 0 0.00 0.00] 000 39 3% 11 34 27 34 20 33|
5/18/95 020|_3229.52 0 000 000 000 38 36 1 34 27 34 27 33|
5/18/95 6:20_ 3235.52 0 0.00 0.00] 000 38 36 13 3 77 34 25 33|
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F. Topical Report of Tasks 12 & 13 Appendix C.

APPENDIX C
WATER QUALITY DATA
SOIL DATA
CARBON DATA
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F. Topical Report of Tasks 12 & 13 Appendix C,
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F. Topical Report of Tasks 12 & 13 Appendix C.

A & L Analytical Laboratories, Inc.

411 North Thirg Street « Memphis, TN 38105 » (301) 527-2780 « FAX (901) 526-1031

SOIL ANALYSIS

CLIENT

MONZANTID COMFANY

" GROWER

FADDUCAH

kY

REPORT (S -0540
DATE Qd g s

ATTN:  WAYNE SHERICAMN ACCOUNT
MAIL ZONE V1-H fron WKW ML PAGE
ST. LOUIZ, M3 &S31sT A & L AGRONOMIST
o~
T
LAB NUMBER 24144 SAMPLE ID : SIGNATURE, _ yd | W’
/7 SOIL TEST RATINGS CATION EXCRANGE
TEST RESULTS Verylow| Low | Medium | High [VeryHigh| capaciry
Soil gH .2
Buffer pH R 13,4
Phosphorus (P) 17 pom w3 10
Potassium (K) 73 ppm
Calcium {Ca) 250 ppm CATION
Magnesium {(Mg) 512 ppm SATURATION
Sulphur (S) i i.4
Boron (8) nwa 322.t
Copper (Cu) “Mg 31.9
Iron (Fe) w4 34.6
Manganese (Mn} EASES )
Zinc (Zn) '
Sodium (Na) SOIL TEST
Soluble Salts Q.1 mmhoscm METHOD
Organic Matter C.2 4 ENR 45 | amnomiun
NO4-N ACETATE
— SHTRACTION /
SOIL FERTILITY GUIDELINES
CROP: YIELD GOAL:
LIME N P,0g K0 Mg ) B Cu Mn Zn O\
- J
F-52
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F. Topical Report of Tasks 12 & 13 Appendix C.
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RA awnjoa

00091
1 ooomi-
+ oo0z1-
+ wooot-
1 oo0'e-
1 0og'-

1 000

000’4

0090 009°0 0ov'o (L e A

SAIND BAjieANBQ

0000
0000

APAHAP

000'}

JuRI}) SWNjOA
009'0 0090  Qovo 00Z'0

0000

S

+ +

000
- 000°€
000y
000'S
I 000°9
- 000°L
F 000'8
000'e
I 0000}

aAIND :c:ﬁ._ 1 Hd

000°¢4

IOH N 1°0 UiiM pejesiii Uojinios '3BN W } 40 Jw ¥ puB OZH Jo ju gg O0luj panjossip uoBjes B g-p

\_.ﬂ\w_. 3&..& .\—)\03«3\& U prtn

08ct-
00b"1-
obyi-
089°}-
008°}-
000°2-
0ch'z-
009°2-
ozle-
09g'e-
orT't-
AN o
088'+-
0ce’L-
0csg-
08y'8-
09L°8-
089°0}~
0ot} -
080t t-
0ciit-
0gs°at-
080°01-
0v9'g-
0ze°L-
099°L-
0¢5'9-
000°01-
orgZ)-
009y}~
T o
(VARAY
0000}~
agc'e-
(UATR
oze'y-
0000

AP/(HA)p "2 “joa

056°0
§¢6°0
008°0
5.8°0
058°0
G280
008°0
SLL'O
0sL'0
§eLo
0oL'0
§.9°0
0S9°0
280
0090
SL5°0
0$5°0
§25°0
00s°0
SL¥o
0sv'o
S2Y'o
00¥°0
SLE0
05e'0
TARY
ooeo
S.Z°0
0s2'0
§¢C0
002°0
SLo
0510
1A )
0040
050’0
000°0

y81°¢c
81zt
ST A
182'¢
82¢e'e
¥le'e
¥er'e
Live
cHse
0co'e
60L'¢
sige
£EB't
Sso'y
£52'y
20F'y
8LOY
44 8 4
88i's
eLY'S
0sL's
8200
4 TAL:]
144°4 )
09.'0
2568°9
0s1'L
€9¢e°L
192
yes L
662'g
tgo'g
666°Q
6ve's
137 4]
1088
8r00l
Hd

uoBjes gyn

0560
$28°'0
006°0
G180
0s8°0
§2a0
0og'o
SLL'O
0sL°0
geLo
00L°0
SL9°0
0$9°0
$29'0
008°0
5450
0§50
§¢S°0
00S°0
SLY'D
0s¥0
1A 4]
oov'o
SL8°0
0s¢€'0
§ceo
0oe’o
SLT0
0sz'o
§¢T0
002’0
$L1°0
0540
P TANY
00i'0
0500
0000

UL 1)

F-56




F. Topical Report of Tasks 12 & 13 Appendix D.

APPENDIX D
TCE CONCENTRATION MAPS
(Kriging Method)
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT

TCE ZONE A1 (3 bgs) &

111' 0 11.04 } 1048 ; 990 9.39 1024 1054 1046, 1041 7.81

6

T 1\‘56 wuzo e 48 = wre 50

Y " o
oot 00 | 693800 692500 692400 -6922.00 -ssz'o.ooJ

T \ 5 'ICaiHﬂoJe,
lkhao{o
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT

TCE ZONE B2 (4' bgs)

221 0 21.30 2033 , 1832 18.34 18.63 115,40

-968.0& 90 20689 18657 17654 19519 ,

12

1024 53

i ] 158 2438 ! 3 ‘ £3
-693[0.00 .5928.00 -6926.00 -6924.00 -6922.00 -6920.00
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT

TCE ZONE C3 (5' bgs)
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT
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LASAGNA PROJECT
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F. Topical Report of Tasks 12 & 13 Appendix D,

LASAGNA PROJECT
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT

TCE ZONE 9 (11 bgs)

42073 13121 14430
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LASAGNA PROJECT
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT
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F. Topical Report of Tasks 12 & 13 Appendix D.

LASAGNA PROJECT

TCE ZONE L12 (14' bgs)
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LASAGNA PROJECT

TCE ZONE M13 (15 bgs)
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APPENDIX E
TCE ANALYSIS DATA
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F. Topical Report of Tasks 12 & 13 Appendix E.
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F. Topical Report of Tasks 12 & 13 Appendix E.
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F. Topical Report of Tasks 12 & 13 Appendix E.

Summary #2

TCE Concentrations in Carbon Cassettes

Depth | Control | Anode C1 c2 C3 Cc4 Cathode
Z
3 1,197.87 | 2,143.52 | 3,283.16 | 1,618.02 | 6,418.34
Y 000 14616861 449.7Z | 918.13 | 1,880.92 | 1,832.64] 3,379.43
5 0.00 998.85 | 522.51 | 1,465.91 | 3,524.42 | 1,998.67 {10,374.00
6 0.00 57235 | 587.11 | 2,208.46 | 3,102.33 | 2,346.41 | 5,433.80
7 0.00 939.58 | 716.33 | 1,385.65 | 2,231.32] 2,062.47 | 4,771.45
8 000 1 436.17 | 341.27 | 1,008.58 | 2,402.65 | 1,169.39 | 5,457.54
9 0.00 2458.11 | 482.70 | 1,361.77] 1,606.75 | 1,078.59 | 2,375.49
10 ~5.00 11,404.95] 1,534.28 | 1,797.78 | 1,462.72 | 2,224.10] 4,714.96
11 0.00 | 2.352.37] 1,477.10 | 2,672.35 | 4,753.58 | 1,366.45 | 4,058.05
12 500 13018131 7.025.25] 4,668.41 | 2.637.47 | 2,028.67 | 4,856.26
13 0.00 15,091.72] 3.259.26 | 8,813.12] 9,988.57 | 2,952.15 | 2,427.98
14 73.511.05] 4,494.82 | 7,411.55 | 9,351.64 | 3,312.55 | 7,793.01
15 9,972.41 | 5,038.47 |18,706.64|15,618.97} 5,114.41 | 11,412.33
16
2
3 2.650.82 | 304.33 | 893.66 | 3,560.11| 3,2856.32 ] 62.78 |14,308.21
) 80037 1 36106 | 755.95 | 3,173.98 | 2,617.04 | 4,429.51 | 9,489.28
5 103398 235.15 | 1,142.20 | 2,458.20 | 3,497.66 |11,756.35 6,538.27 |
6 5 608.04 ] 857,01 | 1,858.20 ] 3,083.66 | 6,173.52 | 3,863.36 | 5,633.01
7 3.154.42 | 1,312.24 | 2,359.25 | 2,5642.06 | 4,335.45 | 2,814.04 | 5,859.02
8 3.417.17] 689.81 | 1,003.31 ] 3,056.81 | 4,250.99 | 1,262.28 | 5,746.59
9 3.615.84 | 589.72 | 1,380.02 | 3,210.24 | 4,487.62 | 2,616.59 | 5,210.20
10 3807421 1,002.38 | 1,868.82 | 6,729.07 | 7,490.67 | 2,669.56 5,009.17
1 4,093,381 1,032.43 | 1,823.71 | 2,957.16 | 9,159.32 | 6,233.48 | 7,513.71
12 5.534.30 ] 1,513.67 | 1,088.63 | 3,675.22 | 11,511.38/11,181.80 4,169.29 |
13 4645371 1.870.19] 3,283.58 | 5,765.24 |11,037.27]11,763.31} 2,541.15
14 607748 1,717.72 3,107.78 | 4,614.96 |12,298.68] 6,884.34 { 3,327.29
15 6,321.02]1,312.34 ] 1,833.13 10.2682.85] 7,004.87 [10.676.75] 2,732.86
16

Fag8’
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F. Topical Report of Tasks 12 & 13 Appendix E.

Summary #2 Chart 1

TCE Concentrations In Carbon Cassettes
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F. Topical Report of Tasks 12 & 13 Appendix E.
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F. Topical Report of Tasks 12 & 13 _éPpendix E.
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F. Topical Report of Tasks 12 & 13 Appendix E.
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APPENDIX F
LASAGNA MATERIALS SPECIFICATIONS
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F. Topical Report of Tasks 12 & 13 Appe ndix F,

ENGINEERING
Wilmington, Delaware

* August 31, 1994

To: Mason Hughes/ Chris Athmer-Monsanto cc: Rich Landis-DuPont
Bob Hines-CDM Federal Dale Schultz-DuPont
Steve Shoemaker-DuPont

From: Ron Griffith-DuPont &»H
302-695-0430
FAX 302-695-0734

Lasagna Material Specifications

Attached you will find the completed package of material specifications for the
Lasagna Electroosmosis Remediation Pilot planned for the PGDP for fall '94.
This current package is submitted for your review and comments. If there is no
objection to the materials as described | will also submit a copy of these final
specs to Jim Cramer at Nilex for a review with their organization on 9/8/94. At
this meeting we will be discussing the assembly procedures for packaging the
panels in their warehouse.

o

Better Fa@D>r Better Livine




F. Topical Report of Tasks 12 & 13 A,_Ppendix F.

LP-2B

LP-5

LP-6B

LpP-21

SW-1

R. J. Griffith

Material Costs

Lasagna Process({LP) Estimated Cost
Activated Carbon $4,865
Anode/Cathode Zone (18)

LP-20B Anode/Cathode Zone Electrode $2,160
LP-21 Geo-membrane Barrier $127
LP-22 Monsanto Hydraway WD-100 $181
LP-23 Monsanto Hydraway HD-2000 $259
LP-24 Sampling Tube $161
LP-25 Geo-synthetic Fabric $122
Treatment Zone {45)

LP-23 Monsanto Hydraway HD-2000 $647
LP-24 Sampling Tube $403
LP-25 Geo-synthetic Fabric $360
12" Sample Zone (14)

LP-40 Monsanto Hydraway HD-2000 $134
LP-24 Sampling Tube $126
LP-25 Geo-synthetic Fabric $47
&" Sample Cassette (14)

LP-50 Monsanto Hydraway HD-2000 $90
LP-51 St. Steel Casette Holder $7,000
LP-24 Sampling Tube . $126
LP-25 Geo-synthetic Fabric $47
Anode/Cathode Sample Zone ()

LP-4 12" Sample Zone $88
LP-5 & Cassette Holder $2,421
LP-20B Ancde/Cathode Zone Electrode $480
LP-21 Geo-membrane Barrier $67
LP-22 Monsanto Hydraway WD-100 $41
LP-24 Sampiing Tube $36
LP-25 Geo-synthetic Fabric - $27
Drive Shoe $2,945
Perimeter Membrane Material $67

FOB charges est.
Total Materials
Nilex Handling Charge(30%)

Assembly of Materials
Shipping from Denver to Paducah

-

Grand Total

F-103

$4,865

$3,011

$1,410

$307

$7,262

$3,160
$2,945
$67

$1,000

$24,027

$7,208

$2,906
$1,000

$35,141

87/30/94
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Project: Lasagna Process, Expanded Lot Field Test
Location: Paducah, KY

ITEM:

Quantity Required:
Manutacturer:
Address:

Tel. No.:

Part No.:

Cost/unit:

Total Cost:

Lead Time:
Intended Use:
Add'l Requirements:
Sketch provided:

Reference Specs.

Material Specification
# LP-1

Date Issued: 17-Aug-94

Granular Activated Carbon

4158 Ibs
(Order 75-55# boxes or 4-1000# Super Sacs)
CALGON CARBON CORP.
Box 717, Pittsburgh, PA 15230-0717
412-787-6700
Michael Lee
FILTRASORB 400

$1.17AB.

$4,865  FOB: Catlettsburg, KY

approx.
2-4 weeks
Fill Treatment & Sa‘mpling Zones
MSDS Sheets

No X Yes

Use with LP-2, LP-3, LP-4,LP-5

F-104

Prepared by: R. J. Griffith
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Material Specification
# Lp-2B

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith
Location: Paducah, KY Date Issued: 17-Aug-94

ITEM: Anode/Cathode System
Quantity Required: 18 complete systems
Manufacturer:  Nilex Com.
Address: 6810 So. Jordan Rd., Englewood, CO 80111
Tel. No.: 303-766-2000
Part No.: Lasagna Anode or Cathode w/ Treatment Zone
Cost/unft:
Total Cost:
Lead Time: 4-6 wks.
Intended Use:  Bi-directional electrodes system
Add'l Requirements: Packaging of seperate components into a system.
Fill with carbon{LP-1) then seal ends.
Sketch provided: No Yes X

™ Reference Specs. LP-20B thru LP-25
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Material Specification
# LP-208

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith
Location: Paducah, KY Date Issued: 17-Aug-94
ITEM: Anode/Cathode Electrode
1/4" Steel Plate
Quantity Required: 22 units measuring 18" wide x 16’ long
Suggested vendor:  Nilex Corp.
Address: 6810 So. Jordan Rd., Englewood, CO 80111
Tel. No.:  303-766-2000
Part No.:
Costrunit: $120 (Nilex Quoted Price)
Total Cost:  $2,640
Lead Time: 4-6 wks.
Intended Use:  Bi-polar electrode
Addl Requirements:
Sketch provided: No X Yes

Reference Specs. LP-2B,LP-6

. f
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Material Specification
# LP-21

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith

Location: Paducah, KY Date lssued: 17-Aug-94

ITEM: Geo-membrane Barrier
Quantity Required: 22 units 18.5" wide x 16" jong for panels(543 sq. ft.) Total of 831 sq. ft.
12 units 18" wide x 16’ long(288 sq. ft.){or Perimeter Barrier
Manufacturer:  Nilex Cormp.
Address: 6810 So. Jordan Rd., Englewood, CO 80111
Tel. No.:  303-766-2000
Part No.: HDPE Sheet 60 mills thick
Cost/unit: .18/sq. ft
Total Cost: $194
Lead Time: 4-6 wks.
Intended Use:  Rear current barrier
Add1 Requirements: Packaging of seperate components into a system.
Sketch provided: No X Yes

Reference Specs. LP-2B,LP-6
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Material Specification
# LP22

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith

Location: Paducah, KY Date Issued: 17-Aug-94

ITEM: Monsanto Hydraway 100
Quantity Required: 22 units 18~ wide x 16’ long (528 sq. ft.)
Order 2 rolis(82' long) of WD-100 36" wide, field split into 18" widths
Manufacturer:  Monsanto Corp.
Address: 2381 Centerline industrial Drive, St. Louis, MO 63146
Tel. No.: 800-325-4330
Part No.: Hydraway 100
Costunit:  $.42/sq. ft.
Total Cost: $222
Lead Time: 4-6 wks.
Intended Use:  Rear flushing gallery
Add'l Requirements:  Packaging of seperate components info a system.
Sketch provided: No X Yes

Reference Specs. LP-2B,LP-6
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Material Specification
# LP-23

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith

Location: Paducah, KY Date Issued: 17-Aug-84

ITEM: Monsanto Hydraway 2000
Quantity Required: 63 units 18.5" wide x 16' long (1008 iin. &t.)
Order 2 rolls of 18" Wide x §50° Long Material Min.
Manufacturer:  Monsanto Comp.
Address: 2381 Centerfine Industrial Drive, St. Louis, MO 63146
Tel. No.:  800-325-4330
Part No.: Hydraway HD-2000
Costunit:  $.90/ lin. ft.
Total Cost: $907
Lead Time: 4-6 wks.
Intended Use:  Carbon Gallery
Add'l Requirements:  Packaging of seperate components into a system.
Sketch provided: No X Yes

Reference Specs.  LP-2B, LP-3,

F-109
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Material Specification
# LP:24

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith

Location: Paducah, KY Date Issued: 17-Aug-94

ITEM: LD Polyethylene Tubing
Quantity Required: 100 units 1/2" 1D x 5/8" OD x 16' long
Manufacturer:  Laird Plastics
Address:
Tel. No.:  800-873-8406(Nicole)
Part No.: Lasagna Anode or Cathode w/ Treatment Zone
Cost/unit: $8.97
Total Cost: $897
Lead Time: 4-6 wks.
intended Use:  Buffer solution supply or sampling
Add'l Requirements:  Packaging of seperate components into a system.

Sketch provided: No X Yes

Reference Specs. LP-2B.LP-3,LP-4,LP-5LP-6
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Project: Lasagna Process, Expanded Lot Field Test

Location: Paducah, KY

ITEM:

Quantity Required:
Manutacturer:
Address:

Tel. No.:

Part No.:
Cost/unit:

Total Cost:

Lead Time:
Intended Use:
Add'l Requirements:
Sketch provided:

Reference Specs.

Material Specification
# LP-29

Prepared by: R. J. Griffith

Date Issued: 17-Aug-94

Typar Geo-synthetic Fabric

80 units 4' wide x 18’ long = 640 sq. yds.

Remay Inc. Distributor Nilex
Old Hickory, TN 37138 Englewood, CO 80111
800-321-6271 303-766-2000
Bill Hawkins James Cramer

3601
.59/ sq. yd.

$378

4-8 wks.

Outer wrap for sandwitched construction of zones
Packaging of seperate components into a system.
No X Yes

LP-2B. LP-3,LP-4, LP-5,LP-6

F-111
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Project: Lasagna Process, Expanded Lot Field Test

Location: Paducah, KY

ITEM:

Quantity Required:

Manufacturer:

Address:

Tel. No.:

Part No.:

Cost/unit:

Total Cost:

Lead Time:
Intended Use:

Add'l Requirements:
Sketch provided:

Reference Specs.

Material Specification
# LP3

Date Issued: 17-Aug-94

Treatment Zone

45 complete systems

Nilex Corp.

6810 So. Jordan Rd., Englewood, CO 80111
303-766-2000

Lasagna Treatment Zone

4-6 wks.
Bi-directional contaminate adsorption system
Packaging of seperate components into a system.
Fill with carbon{LP-1) then seal ends.

No Yes X

LP-23,LP-24,LP-25

W

F-112

Prepared by: R. J. Griffith
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Material Specification
# LP4

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith
Location: Paducah, KY Date Issued: 17-Aug-94

ITEM: 12" Sample Zone
Quantity Required: 14 complete systems
Manufacturer:  Nilex Corp.
Address: 6810 So. Jordan Rd., Englewood, CO 80111
Tel. No.:  303-766-2000
Part No.:  Lasagna Sample Zone
Cost/unit:
Total Cost:
Lead Time: 4-6 wks.
intended Use:  Bi-directional sampling cassette system
Add'l Requirements:  Packaging of seperate components into a system.
Fill with carbon(LP-1) then seal ends.
Sketch provided: No Yes X

Reference Specs.  LP-40, LP-24, LP-25
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Project: Lasagna Process, Expanded Lot Field Test

Location: Paducah, KY

ITEM:

Quantity Required:
Manufacturer:
Address:

Tel. No.:

Part No.:
Cost/unit:

Total Cost:

Lead Time:
Intended Use:
Add'l Requirements:

Sketch provided:

Reference Specs.

Material Specification
. # LP-40

Prepared by: R. J. Griffith

Date Issued: 17-Aug-94

Monsanto Hydraway 2000

14 units 12" wide x 18’ long (224 lin. ft.)

Monsanto Corp.

2381 Centerline Industrial Drive, St. Louis, MO 63146
800-325-4330

Hydraway HD-2000

$60/lin. 1.

$134

Portion of sample zone
Packaging of seperate components into a system.
No X Yes

LP-4,LP-6
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Material Specification
# LPS

Project: Lasagna Process, Expanded Lot Field Test

Location: Paducah, KY

ITEM:

Quantity Required:

Manufacturer:

Address:
Tel. No.:

Part No.:

Cost/unit:

Total Cost:

Lead Time:
Intended Use:

Add'l Requirements:
Sketch provided:

" Reference Specs.

6" Sample Zone Cassettes

10 units 6" wide x 16’ long

Nilex Corp.

6810 So. Jordan Rd., Englewood, CO 80111
303-766-2000

Lasagna Cassette Holder

4-6 wks.
Bi-directional sampling cassette system
Cover outside with fabric

Fill with carbon({LP-1) then seal ends.

No Yes X

LP-50, LP-51, LP-25

Prepared by: R. J. Griffith
Date issued: 17-Aug-94
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Material Specification
# LP-50

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith

Location: Paducah, KY Date Issued: 17-Aug-94

ITEM: Monsanto Hydraway 2000
Quantity Required: 14 units 6" wide x 16’ long(224 )lin ft.
Order 3 rolis 100 ft. long
Manufacturer:  Monsanto Corp.
Address: 2381 Centerline Industrial Drive, St. Louis, MO 63146
Tel. No.:  800-325-4330
Part No.: Hydraway HD-2000
Costrunit:  $.40/ lin. ft.
Total Cost: $90
Lead Time: 4-6 wks.
Intended Use:  Bi-directional sampling cassette system
Add'l Requirements:

Sketch provided: No X Yes

Reference Specs. LP-5
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Project: Lasagna Process, Expanded Lot Field Test

Location: Paducah, KY

ITEM:

Quantity Required:
Manutacturer:
Address:

Tel. No.:

Part No.:

Cost/unit:

Total Cost:

Lead Time:
intended Use:
Add'l Requirements:
Sketch provided:

Reference Specs.

Material Specification
# LP-51

Date Issued: 17-Aug-94

Stainless Stee! Cassette Holder
14 units

Sheet Metal Contracting
Wrangle Hill Road, Bear, DE

302-834-3727

Bob Bupp, Ref. Quote BEC8294

Lasagna Cassette Holder

$528 ea.

$7,382 FOB: Bear, DE $550 shipping est.
6 wks. ARO
Bi-directional sampling cassette system

No Yes X

LP-5

F-117
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AUG 29 'S4 ©9:49 SHEET METAL CONTRACT 302 834@638 ' p.272

SHEET METAL CONTRACTING CO., INC.

FABRICATORS — INDUSTRIAL

3445 WRANGLE HILL RD.
P.0. BOX 307"
' BEAR, DELAWARE 19701
(302) 834-3727
FAX {302) 834'0630

| .
]
: AuguTt 29, 1994
| S .
!

E. 1. DuPont de Nemours & Co., Inc.

Beech Street Eng1neer1ngu

P.fO Box 80840

wﬂmngton. DE 19880—0840

ATTENTION’ RON GRIFFITH

anr Ron:

We are pleased to submit the following Quotation:

14 - Sample Holder Assy. @ $528.00 each = $ 7,392.00

$ 550.00

Estimated Shipping Cost
Delivery' 8 W.A.R.O.
b911verad- Bear, DE

Term8° 1%/10 Net 30

Hoping this meets with your approval, I remain:

Very truly yours,

Jeffrey P. Bupp
i |
JP_B:kt . ! i
bec8294
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Sample Holder

Layout

Detail B-Back Plate

1.0" Triangular Pattem As Shown ’

Mat1: S/S Sheet 11 Ga.(.119"
Perforated w/ .75 D. Holes
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Material Specification
# LP£6B

Project: Lasagna Process, Expanded Lot Field Test

Location: Paducah, KY

ITEM:

Quantity Required:

Manufacturer:

Address:
Tel. No.:

Part No.:

Cost/unit:

Total Cost:

Lead Time:

intended Use:

Add'l Requirements:
Sketch provided:

Reference Specs.

Anode/Cathode Sample Zone
4 Complete Systems
Nilex Corp.

6810 So. Jordan Rd., Englewood, CO 80111
303-766-2000

4-6 wks.
Sampling in the electrode zone
Combination of three systems

Fill with carbon(LP-1) then seal ends.

No Yes X

LP-4, LP-5, LP-20B, LP-21, LP-22, LP-25

Prepared by: R. J. Griffith
Date Issued: 17-Aug-94
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Material Specification
# LP9

Project: Lasagna Process, Expanded Lot Field Test Prepared by: R. J. Griffith
Location: Paducah, KY Date Issued: 17-Aug-94

ITEM: Casing Drive Shoe
Quantity Required: 95 units
Manufacturer:  Nilex Corp.
Address: 6810 So. Jordan Rd., Englewood, CO 80111
Tel. No.:  303-766-2000
Part No.:
Costunit:  $31. /ea.
Total Cost:  $2,945
Lead Time: 4-6 wks.
Intended Use: Expendable drive sﬁoe
Addl Requirements:  Geolock drive equipment

Sketch provided: No X Yes

™ Reference Specs.

W
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Lasagna Process
Scope of Work for Material Assembly #SW-1

Recommended Vendor: Nilex Corporation
6810 So. Jordan Rd.
Englewood, CO 80112
303-766-2000
James Cramer

Description of work: Assemble a variety of sheet and roll products
into pre-defined sandwich panels to be
emplaced into soils at the DOE Paducah Site.

Specific Tasks: Assemble the following:
18 Anode/Cathode Zones LP-2
45 Treatment Zones LP-3
14 12" Sample Zones LP-4
14 6" Cassette Holders LP-5
4 Anode/Cathode Sample Zone LP-6

Additional Details: Sketches of each item are provided with this
scope. All materials are to be closed at one
end with an appropriate end sock purchased or
fabricated from geo-synthetic fabric stock.
The panel will then be filled with activated
carbon {LP-1) over 15' of length.

A temporary closure will be sewn into the top
of each panel for transport purposes only.

Vendor Estimate: An estimate of $2236. was submitted for this
work based on the present design of the
panels. The cost basis is 80 man-hours of
time to assemble the panels.

o

R. J. Griffith - 8/2/94
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