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FOREWORD

To meet its mission objectives, the U.S. Navy performs a variety of operations, some of which require the
use, handling, storage, and/or disposal of hazardous materials. Through accidental spills and leaks, or as
a result of past conventional methods of disposal, hazardous materials may have entered the environment
in ways unacceptable by current standards. As knowledge of the long-term effects of hazardous materials
on the environment has grown, the Department of Defense (DOD) has initiated various programs to
investigate and remediate conditions related to suspected past releases of hazardous materials at their
facilities. Two of these programs are the Installation Restoration (IR) program and the Base Realignment
and Closure (BRAC) program.

The IR program complies with the Base Closure and Realignment Act of 1988 (Public Law 100-526, 102
Statute 2623) and the Defense Base Closure and Realignment Act of 1990 (Public Law 101-510,
104 Statute [1808]), which require the DOD to observe pertinent environmental legal provisions of the
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), Executive
Order 12580, and the statutory provisions of Defense Environmental Restoration Program, the National
Environmental Policy Act, and any other applicable statutes that protect natural and cultural resources.

The goal of the BRAC program is to expedite and improve environmental response actions to facilitate
the disposal and reuse of a BRAC installation while protecting human health and the environment.

The Southern Division, Naval Facilities Engineering Command (SOUTHNAVFACENGCOM), the
U.S. Environmental Protection Agency (USEPA), and the Florida Department of Environmental
Protection (FDEP) collectively coordinate the cleanup activities through the BRAC cleanup team, called
the Orlando Partnering Team (OPT). This team approach is intended to foster partnering, accelerate the
environmental cleanup process, and expedite timely, cost-effective, and environmentally responsible
disposal and reuse decisions.

Questions regarding the BRAC program at Naval Training Center (NTC), Orlando should be addressed to

the SOUTHNAVFACENGCOM BRAC Environmental Coordinator, Mr. Wayne Hansel, at (407) 895-
6714, or the SOUTHNAVFACENGCOM Engineer-in-Charge, Ms. Barbara Nwokike, at (843) 820-5566.
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The engineering evaluations and professional opinions rendered in this document that describes the
potassium permanganate pilot study for Operable Unit 4, Naval Training Center, Orlando, Florida, were
conducted or developed in accordance with commonly accepted procedures consistent with applicable
standards of practice. This document is not intended to be used for construction.

HARDING LAWSON ASSOCIATES
2533 Greer Road, Sui

Willard A. Murray, Ph.D.
Professional Engineer No. 398
Expires: February 28, 2003
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EXECUTIVE SUMMARY

EXECUTIVE SUMMARY

Operable Unit (OU) 4 is composed of Study Areas 12, 13, and 14 at Area C of the Naval Training
Center (NTC), Orlando, Florida. Building 1100, located in Study Area 13, was constructed in
1943 and was used as a laundry and dry-cleaning facility, serving the entire NTC.

Site investigations have identified a plume of chlorinated solvent-contaminated groundwater
originating from the area around Building 1100, the former base laundry, and migrating into the
adjacent Lake Druid. Volatile organic compounds (VOCs) detected in groundwater and surface
water from Lake Druid included tetrachloroethene (PCE), trichloroethene (TCE), cis-1,2-
dichloroethene (DCE), frans-1,2-DCE, 1,1-DCE, and vinyl chloride (VC). Source areas appear to
be multiple and are likely located adjacent to and beneath Building 1100.

In-situ chemical oxidation using potassium permanganate (KMnQO4) was identified as an
innovative technology with the potential to oxidize the source area and to treat areas with high
concentrations of VOCs in groundwater. The basic stoichiometry for the oxidation of PCE is as
follows:

C,Cly + MnOy4~ —> Carboxylic Acid (CA)+ 4CT + 2MnQO, (solid)

Oxidation of chlorinated compounds to CA’s occurs at pH’s above 3. This reaction does not
generate excess heat or vapor, and any excess KMnOj is stable, allowing it to be flushed through a
source area by pumping to maximize contact with the contaminant zone.

This report presents the procedures, results, conclusions, and recommendations from the pilot test
conducted to evaluate the use of KMnO; to oxidize PCE at OU 4. The pilot test was operated from
February through June 2000, with groundwater monitoring continuing until August 2000.

The objective of the chemical oxidation pilot test was to provide site-specific performance data for
the KMnO, technology at OU 4. Site-specific performance factors to be evaluated during the pilot
test were as follows:

1. Ability to create and maintain groundwater circulation cell;

2. Optimum KMnO, aqueous concentration required to oxidize the OU 4 source area
VOCs;

3. Ability to treat source area VOCs both above and below the layer of dense sand; and

4. Maximum reduction of groundwater VOC concentrations achievable with this
technology.

The ability to create and maintain the treatment cell was evaluated by monitoring changes in
groundwater gradient within the cell due to system operation and by monitoring groundwater
quality in wells located downgradient of the treatment cell. Groundwater elevation data collected
during the pilot study indicate that when the system is operating, the groundwater gradient is
increased in the treatment cell above and below the layer of dense sand. The ability to treat the
source zone above and below the dense sand layer has been evaluated by comparing estimated
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EXECUTIVE SUMMARY

travel times to the actual movement of treated water in the cell and the reduction of VOC
concentrations in the treatment cell. Changes in VOC concentrations and groundwater
conductivity indicate that treated water is generally moving more rapidly than predicted in the
shallow zone and more slowly than predicted in the deep zone. Dramatic decreases in total VOC
concentrations have occurred in the shallow zone, but have been slower to develop in the deep
zone. However, the average half life within the circulation cell for VOC reduction is
approximately the same in both the shallow and deep zones, about 7 to 8 weeks.

The reduction of contaminants achievable by this technology has been evaluated by comparing
baseline VOC concentrations with data collected during the sampling rounds. The maximum
VOC concentration detected during the baseline sampling was 24,300 pg/L (23,000 pg/L PCE) in
shallow microwell GMP-11. Within two months, VOC concentrations in GMP-11 were below
detection limits, indicating that the technology is capable of reductions of more than 99.995
percent of PCE in a fairly short time frame. Furthermore, by late May 2000 (116 days after
startup, 66 days of system run time), VOC concentrations in four additional shallow monitoring
wells had been reduced to or below MCLs. Other monitoring wells at a greater distance from the
injection wells showed approximately two orders of magnitude reduction in VOC concentrations.
By June 28, 2000, VOC concentrations had decreased to MCL levels or below in three additional
shallow wells.

In the deep zone, significant reductions in VOCs did not occur until April. This is apparently due
to much higher concentrations of natural organic material on the soil particles in the lower zone,
which must be also be oxidized, and therefore slows the migration of the VOC oxidation front.
Evidence of higher total organic carbon (TOC) concentrations was found during the remedial
investigation. However, significant destruction of VOCs in the deep zone did occur during the
month of April, and by July 13, 2000, average concentrations of VOCs in the deep zone had
decreased by an order of magnitude.

It is apparent that in situ chemical oxidation using KMnOy is very effective at destroying the
VOC contamination in the source area at OU 4. We therefore recommend its full-scale
application to the source zone.

The recommendations for full-scale implementation include:

e The anticipated average KMnO, dosage will be 1 g/L, however during the latter stages of
treatment, the KMnO, feed may only be makeup to maintain the 1 g/L in the injected
groundwater. Although this is less than the 4 g/L used in the pilot test, recent conversations
with Colorado School of Mines researchers have suggested that at lower concentrations, less
of the natural TOC in the aquifer will be oxidized, leaving a higher percentage of the injected
KMnQ;, available to oxidize VOCs. The lower KMnQO, concentration will oxidize the VOCs
more slowly, but this is not a handicap since the source area will be flooded and soaked in the
oxidant;

e Separate injection wells for the shallow and deep zones, to allow targeting of the KMnOj
solution and preferential injection into just the deeper zone once the shallow aquifer becomes
saturated with KMnQy;
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EXECUTIVE SUMMARY

e Replacement of the cartridge filtration system used to control solids generated by the
oxidation reaction (MnO,) with a more efficient and less maintenance-intensive alternative,
such as a rotary drum filter, stacked disks, or membranes.

The cost estimate for the KMnOy alternative in the OU 4 Feasibility Study was competitive with
the other remedial alternatives evaluated. The pilot study results have demonstrated the
effectiveness and implementability of this technology. Based on these results, we recommend
preparing an OU 4 Proposed Plan that includes use of in-situ oxidation of the OU 4 source area
using KMnO,.
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CHAPTER 1

1.0 INTRODUCTION

The pilot study evaluating in-situ chemical oxidation using potassium permanganate (KMnQ) as a
groundwater source area treatment technology was begun at Naval Training Center (NTC), Orlando
Operable Unit (OU) 4 on February 14, 2000. This report presents the results of that study which
has demonstrated that injection of KMnQ, in the OU 4 source area is a viable alternative for source
area remediation.

This report includes a summary of system installation, startup, operation, and performance
monitoring. It includes an interpretation of the results, and provides conclusions and
recommendations that will allow design of a full-scale source area treatment system.

Based on the results presented herein, and weighing alternatives already evaluated in the OU 4 FS
(HLA, 2001a), HLA recommends that the Navy proceed with full-scale implementation of in-situ
chemical oxidation using KMnO, in the OU 4 source area.

1.1 FACILITY HISTORY.

OU 4 is located at Area C, at NTC Orlando, Florida (Figure 1-1). OU 4 consists of Study Areas 12,
13, and 14 at Area C (Figure 1-2). Building 1100, located in Study Area 13, was constructed in
1943 and was used as a laundry and dry-cleaning facility. Prior to construction of the facility in
1943, the land was undeveloped. Laundry operations at Building 1100 ended in 1994. Building
1100 was identified during the Environmental Baseline Survey (EBS) as a site where releases of
hazardous materials had occurred. Photographs of Area C and the interior of Building 1100 are
included in Appendix B, Figures 1 and 2.

1.2 PREVIOUS INVESTIGATIONS.

Several investigations have already occurred at OU 4, either under the Base Realignment and
Closure (BRAC) Act site screening program or under subsequent efforts to characterize the
contamination discovered during the site screening investigation. Results from the investigations
conducted at OU 4 to date are summarized in the OU 4 Remedial Investigation (RI) Workplan
(ABB Environmental Services, Inc. [ABB-ES], 1997b) and the Final OU 4 RI Report (HLA,
2001b).

These investigations have identified a plume of chlorinated solvent-contaminated groundwater
originating from the area around Building 1100, the former base laundry, and migrating into the
adjacent Lake Druid. Contour lines illustrating the approximate defined boundary of the
groundwater plume are shown on Figure 1-3. Volatile organic compounds (VOCs) detected in
groundwater and surface water from Lake Druid included tetrachloroethene (PCE), trichloroethene
(TCE), cis-1,2-dichloroethene (DCE), trans-1,2-DCE, 1,1-DCE, and vinyl chloride (VC). Source
areas appear to be multiple and are likely located adjacent to and beneath Building 1100. The
approximate extent of the suspected multiple source areasis also shown on Figure 1-3. No source
area associated with the southern portion of the plume has been identified. Because VOC
concentrations are several orders of magnitude lower than in the northern plume, the source for the
southern plume was likely a small release that has either been depleted or removed.
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CHAPTER 1

Based on the OU 4 Focused Field Investigation (ABB-ES, 1996a), the source investigation (ABB-
ES, 1997¢), and the OU 4 RI (HLA, 2001b), the vertical extent of the chlorinated solvent
groundwater plume ranges from approximately 4 to 45 feet below land surface (bls). Total
groundwater VOCs in excess of 30 milligrams per liter (mg/L) have been detected in the source
area(s), and up to approximately 6 mg/L between the laundry (Building 1100) and Lake Druid. The
maximum depth of the plume in the source area shown on Figure 1-3 is approximately 30 to 35 feet
bls, increasing to 45 feet bls in downgradient areas. The water table between Lake Druid and the
laundry varies seasonally from less than 1 foot to 7 feet bls, with the greatest depths to water
occurring at the laundry (Building 1100).

The soil density of the surficial aquifer typically ranges from medium dense to dense, with the
exception of a hard layer (very dense) approximately 15 to 20 feet bls, with varying thickness of 2
to 5 feet. However, this hard layer does not appear to act as either a hydraulic or chemical barrier.

In 1997, the US Geological Survey (USGS) re-evaluated the results from a pumping test that had
been conducted at OU 4 in August 1996 (USGS, 1998). The USGS analysis of the pumping test
data indicated that the surficial aquifer could be separated into two zones. From the groundwater
surface to approximately 20 feet bls (where a “hard” layer exists consisting of a 3-foot thick
cemented silty sand in the area of the pilot test), the horizontal hydraulic conductivity is about 10
feet per day (ft/day). Below that point to approximately 55 feet bls, the horizontal hydraulic
conductivity is about 40 ft/day. In both zones the vertical hydraulic conductivity was determined
to be about three times lower than the horizontal hydraulic conductivity.
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CHAPTER 2

2.0 IN-SITU CHEMICAL OXIDATION PILOT STUDY

2.1 BACKGROUND ON CHEMICAL OXIDATION PROCESS.

In-situ chemical oxidation involves the injection of a chemical oxidant into the zone of contamination. The
contaminant is destroyed through contact with the chemical oxidizer. Byproducts include carbonyl acids
(CAs), carbon dioxide, water, and chloride (when chlorinated compounds are oxidized). The oxidation is
non-specific, and all compounds present that can be oxidized by a given reagent will react. Chlorinated
compounds (particularly those with double bonds, such as PCE, TCE, DCE, etc) are readily destroyed when
contacted with chemical oxidants.

The two most common chemical oxidants used for in-situ oxidation are the Fenton’s reagent (hydrogen
peroxide and ferrous sulfate) and KMnQO,. The Fenton’s reaction is highly exothermic and also produces
quantities of oxygen from the decomposition of excess hydrogen peroxide. The reactants are unstable and
short-lived. This process has been commercialized and is offered by several firms that specialize in this
technology.

KMnQOy has been shown to be an effective oxidant for PCE and TCE (Schnarr et al, 1997; Hood et al, 1998;
West et al, 1997). In-situ oxidation is accomplished when an aqueous solution of KMn(}, is injected or
flushed through the source area. The basic stoichiometry for the oxidation of PCE is as follows:

C)Cly + MnOy — CA+ 4CI + 2MnO; (solid)

Oxidation of chlorinated compounds to CA’s occurs at pH’s above 3. Carbon dioxide is formed instead at
lower pH’s (Huang et al, 2000). This reaction does not generate excess heat or vapor, and any excess
KMnQy is stable, allowing it to be flushed through a source area by pumping to maximize contact with the
contaminant zone. KMnOj, has also been shown to be more effective at oxidizing PCE and TCE than the
Fenton's process (West et al, 1997).

2.2 OBJECTIVES OF IN-SITU CHEMICAL OXIDATION.

The objective of the chemical oxidation pilot test is to provide site-specific performance data for the KMnQ
technology at OU 4. Site-specific performance factors to be evaluated during the pilot test are as follows:

1. Ability to create and maintain groundwater circulation cell;
2. Optimum KMnQy aqueous concentration required to oxidize the OU 4 source area VOCs;
3. Ability to treat source area VOCs both above and below the layer of dense sand; and

4. Maximum reduction of groundwater VOC concentrations achievable with this technology.
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2.3 EXECUTION OF THE PILOT TEST

2.3.1  Well Installation

Wells were installed for the pilot study to allow extraction and injection of groundwater (thereby creating
a treatment cell), and to supplement existing wells for monitoring groundwater above and below the hard
layer. The number and locations of the new wells were selected based on results from hydraulic modeling
of the site as described in Treatability Study Work Plan No. 3 (HLA, 1999).

Three injection wells (IW-2, IW-3, and IW-4) were installed adjacent to the northeast corner of Building
1100 (Figure 1-3). These wells are spaced approximately 10 feet apart. Each injection well has a 4-inch
inside diameter (ID) and a total depth of approximately 35 feet. The wells are screened from 5 to 30 feet
bls and have a 5 foot sump from 30 to 35 feet bls. Three recovery wells (RW-2, RW-3, and RW-4) were
also installed approximately 65 feet to the west of the injection wells (Figure 1-3). These wells are
spaced approximately 10 feet apart. Each extraction well has a 4-inch ID and a total depth of
approximately 35 feet. The extraction wells are screened from 10 to 30 feet bls and have a 5 foot sump
from 30 to 35 feet bls.

Three deep wells (OLD-13-44B, OLD-13-45B and OLD-13-46B) and seven shallow wells (GMP-11
through GMP-17) were installed for the pilot study. The three deep wells were installed below the hard
layer and are 2-inch ID, a total depth of 30 feet, and are screened from 20 to 30 feet bls. The seven
shallow wells are “2-inch 1D microwells installed to a total depth of approximately 20 feet, screened at
and above the hard layer with 9-foot pre-packed screens from 11 to 20 feet bls. Other pre-existing deep
and shallow wells were utilized during the pilot test, and the location of all wells within the pilot study
treatment zone is shown on Figure 2-1. Shallow microwells GMP-7 through GMP-10 were previously
installed for the unsuccessful air sparging pilot study (HLA, 2001a). These four wells are similar in
construction to GMP-11 through GMP-17, except 3-foot prepacked screens were used. Monitoring well
OLD-13-07A is 2-inch ID with 15 feet of screen and a total depth of 18.5 feet. Deep wells OLD-13-41B
and OLD-13-42B are 2-inch ID with 5 feet of screen and a total depth of 28 feet. Table D-1 in Appendix
D shows the well construction details of the wells installed for this pilot test.

Wells GMP-17 and OLD-13-46B were installed as a shallow and deep pair at a location downgradient of
the treatment cell. These were installed to provide a means during the pilot study todemonstrate that
hydraulic control of the KMnO, was being maintained, and after the pilot study to monitor the migration
of the injected KMnOj solution after shutdown.

The shallow microwells were installed using a GeoProbe direct push rig. All other wells were installed
with a Rotosonic drilling rig.

2.3.2 Baseline Groundwater Sampling

Groundwater samples were collected between February 1 and February 9, 2000, to provide baseline
reference data prior to system startup. Groundwater samples were collected from the upper and lower
zone monitoring wells, and from the extraction and injection wells, and were submitted to an off-site
laboratory for analysis (see Table 2-1). VOC concentrations were established to provide baseline data to
monitor the oxidation performance of the KMnOy. Inorganics were also analyzed to monitor changes in
concentration caused by the introduction of dissolved metals from the injected KMnQy, and oxidation of
inorganics such as iron and manganese.
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Groundwater samples from 11 shallow zone wells were analyzed for halogenated VOCs during the
baseline sampling event. Results are shown on Figure 2-1. PCE was detected in all 11 of the wells
sampled at concentrations ranging from 38 micrograms per liter (ug/L) to 23,000 pg/L. TCE was
detected in 9 of the monitoring wells sampled at concentrations ranging from 7 pg/L to 8,700 pg/L. Cis-
1,2-DCE was only detected in 3 of the wells sampled at concentrations of 12 pg/L, 31 pg/L and 2,000
ng/L; however, detection limits were very high for most samples.

Groundwater samples from six shallow zone wells were also analyzed for Target Analyte List (TAL)
metals. Calcium, iron, magnesium, manganese, mercury, potassium, sodium, and vanadium were
detected in the six wells sampled during the baseline sampling event. Calcium concentrations ranged
from 16 to 56 mg/L. Magnesium concentrations ranged from 2 to 5.1 mg/L. Potassium concentrations
ranged from 0.7 to 1.8 mg/L. Sodium concentrations ranged from 2.5 to 7.2 mg/L. Iron was detected in
one sample at a concentration of 0.23 mg/L.. Manganese was detected in one sample at a concentration of
0.012 mg/L. Vanadium was detected in two samples at concentrations of 0.01 and 0.02 mg/L. Mercury
was detected in two samples at concentrations of 0.0002 and 0.00021 mg/L, which was between the
method detection level and the practical quantitation level for the analyses. Analytical tables for VOCs
and TAL metals in the shallow zone wells are included as Tables A-1 and A-2 in Appendix A.

Groundwater samples from four deep zone wells were analyzed for halogenated VOCs during the
baseline sampling event. Results are shown on Figure 2-1. PCE was detected in all 4 of the wells at
concentrations ranging from 140 pg/L to 3,300 pg/L. TCE was detected in all 4 of the wells at
concentrations ranging from 1,300 pg/L to 4,700 pg/L. Cis-1,2-DCE was detected in 3 of the wells at
concentrations ranging from 700 pg/L to 1,500 pg/L..

Groundwater samples from the four deep zone wells were also analyzed for TAL metals. Aluminum,
calcium, iron, magnesium, manganese, potassium, and sodium were detected in all deep zone wells.
Calcium concentrations ranged from 3.4 mg/L to 9.3 mg/L.. Iron concentrations ranged from 0.072 mg/L
to 3.7 mg/L.. Magnesium concentrations ranged from 1.2 mg/L to 1.4 mg/L. Potassium concentrations
ranged from 1.0 mg/L to 1.2 mg/L. Sodium concentrations ranged from 9.7 mg/L to 15 mg/L.
Aluminum was detected in two samples at concentrations of 0.067 mg/L and 0.078 mg/L. Manganese
was detected in two samples at concentrations of 0.018 mg/L and 0.028 mg/L.. Analytical tables for
VOCs and TAL metals in the deep zone wells are included as Tables A-3 and A-4 in Appendix A.

Groundwater samples from the six injection and recovery wells were analyzed for halogenated VOCs
during the baseline sampling event. Results are presented on Figure 2-1. In the 3 extraction wells, PCE
was detected at concentrations ranging from 1,600 pg/L to 8,400 pg/L, TCE was detected at
concentrations ranging from 470 pg/L to 1,000 pg/L, and cis 1,2 DCE was detected at concentrations
ranging from 160 pg/L to 400 pg/L. PCE was detected in all 3 injection wells at concentrations ranging
from 68 pg/L to 8,400 pg/L. In 2 of the 3 injection wells, TCE was detected at concentrations ranging
from 110 pg/L to 330 pg/L, and cis 1,2 DCE was detected at concentrations of 130 pg/L and 540 pg/L.
The analytical table for VOCs in the injection and recovery wells is included as Table A-5 in Appendix
A.

2.3.3  System Installation

An equipment schematic for the chemical oxidation system is shown as Figure 2-2. The KMnOy pilot
study system consisted of two 1,600 gallon polyethylene tanks fitted with electric mixers and piped in
series (Tank 1 and Tank 2), a KMnOy feed system, extraction and injection pumps, cartridge filters used
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to filter the KMnOy solution prior to injection, and a control system. This system was designed and
constructed by Carus Chemical of Peru, Illinois (the sole domestic producer of KMnQy), based on the
conceptual design requirements included in the pilot study workplan (HLA, 1999). The system was
rented from Carus on a monthly basis, and then returned to Carus at the conclusion of the pilot study.
Photographs of the system are included in Appendix B, Figures 3, 4, and 5.

The KMnOy was fed using two drum inverters, each emptying a 330-Ib drum of KMnOj into the hopper
of a screw feeder (Appendix B, Figures 6 and 7). The screw feeders were fitted with level sensors; when
one hopper was empty, the control system switched to the second feeder. Once the second feeder
emptied, the system was shutdown unless a new drum of KMnQO, had been fitted to the first feeder. In
this fashion, 660 lbs. of KMnOy could be loaded at one time, allowing over three days of unattended
operation before additional KMnO, needed to be loaded. Each screw feeder was manually controlled by
adjusting the setting on a potentiometer fitted to each unit. The relationship between the potentiometer
setting and feed rate was established for each feeder by field calibration; adjustments to KMnO, feed rate
were made manually as necessary. The two screw feeders emptied into a polyethylene washdown tank
where the KMnO, was dissolved by a stream of Tank 1 water and returned to Tank 1 via an eductor
connected to the bottom of the washdown tank (Appendix B, Figure 7).

The filtration system consisted of two Harmsco filter housings piped in parallel. Each housing contained
eight, 20-inch long pleated filter cartridges that were designed to be hosed off for cleaning. The filters
were rated at a nominal one micron removal efficiency. Pressure sensors on the filter piping controlled a
three-way valve on the filter housing inlet, allowing the system to automatically switch to the second
filter housing when the filter cartridges in the first housing clogged.

Polyethylene tubing was used to connect the three extraction wells to a polyvinyl chloride (PVC) header,
which was in turn connected to the intake of an ITT Jabsco flexible impeller pump using 2-inch ID hose.
Extracted groundwater was fed to Tank 1. Groundwater from Tank 1 was pumped to the KMnQ, feed
system and then recycled back to the tank. The electric mixer in Tank 1 was operated to ensure complete
dissolution of the KMnOy. Treated groundwater then flowed from Tank 1 and into the bottom of Tank 2
by gravity. The mixer in Tank 2 was not used, in order to provide MnO, particulates that had formed an
opportunity to settle to the bottom of the tank. The KMnOj solution overflowed out of Tank 2 through a
standpipe that extended to nearly the top of the tank (to maximize residence time) to an ITT Jabsco
injection pump. The solution was filtered to remove MnO; solidsthat did not settle and then piped to the
injection wells through a header and tubing assembly identical to that used for extraction. The control
system varied the injection rate to maintain the setpoint water level in Tank 2. The two-tank arrangement
was used to provide adequate residence time for complete dissolution of the KMnO, and to allow the
VOCs in the extracted water to oxidize to below Maximum Contaminant Limits (MCLs) prior to
mnjection.

The kinetics for the oxidation of the VOCs in the extracted groundwater are described in the pilot study
workplan (HLA, 1999). Because of the electric mixer, Tank 1 operated as a constantly stirred tank
reactor (CSTR). With the mixer in Tank 2 not operating, the tank functioned similar to a plug flow
reactor.

2.3.4  System Startup

Following system installation, system start up activities included KMnO, drum sampling, system
operation and adjustment, and onsite laboratory analysis.
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The KMnOy powder was purchased from Carus Chemical in 330 pound drums. KMnO, samples were
collected from drums representing each manufacturing lot in the inventory. These samples were sent to
an offsite laboratory for inorganic analysis to confirm metals concentrations were within the limits
allowed by the Underground Injection Control (UIC) variance (HLA, 1999). Analytical results for 4
gram per liter (g/L) KMnO, solutions are presented in Appendix A as Table A-6.

The pilot study workplan states that the concentration of injected KMnQO, would be confirmed based on
color measured by a spectrophotometer calibrated for various KMnQO, solutions. However, at
concentrations above approximately 0.025 g/L, the KMnO, solution is too opaque for the
spectrophotometric method without repeated dilutions. Instead, the KMnO, concentration was
established based on the conductivity of the solutions. The relationship between conductivity and
KMnOj concentration is linear. The conductivity of a 2 g/l KMnO, solution is approximately 1,250
pmhos/cm, and the conductivity of a 4 g/L. solution is approximately 2,500 umhos/cm.

System startup began on February 11. Groundwater was extracted at a total rate of 3.5 to 4.0 gallons per
minute (gpm) from all three extraction wells. KMnO, was added at a rate that corresponded to a4 g/L
solution. Approximately 190 pounds of KMnOy per day were required at 4 gpm. Groundwater samples
were collected periodically from the extraction piping and from the KMnOy solution in th