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1. INTRODUCTION AND PILOT TEST OBJECTIVES

Woodard & Curran proposes to perform a Potassium Permanganate (KMnO,) Addition Pilot Study at the
Westchester Country Airport located in White Plains, New York. The pilot test will be conducted in the
area of existing monitoring wells MW-01, MW-02, MW-08S and MW-08D located in the Hanger D.
Potassium permanganate will be injected into the subsurface using temporary injection points (drive
points) installed through the hangar floor. A Site Plan is attached as Figure 1.

The objectives of the Pilot Test are to: 1) document the feasibility of utilizing potassium permanganate to
reduce the contaminant mass in the source area groundwater at the Site; and 2) provide site specific
information that can be used to optimize future potassium permanganate activities and cost to closure
estimates for the Site.

1.1 BASIS FOR IN-S1TU CHEMICAL OXIDATION USING KMNOy

Potassium permanganate is a common oxidant widely used in the water treatment industry to remove
dissolved metals and in the sewage treatment industry to treat sulfide odors. KMnO, will react with and
oxidize a wide range of common organic compounds, relatively quickly and completely. In particular,
KMnO; reacts rapidly with the non-conjugated (i.e. non-aromatic) double bonds in chlorinated ethenes
such as trichloroethylene (TCE), tetrachlorothylene (PCE), dichloroethylene (DCE) isomers, and vinyl
chloride. Permanganate is generally less reactive with chlorinated ethanes such as dichloroethane (DCA)
and trichloroethane (TCA). However, W&C’s experience with this technology, as well as others (refer to
p. 107, Clayton, W.S,, et al, “A Multisite Field performance Evaluation of In-Situ Chemical Oxidation
using Permanganate” attached), has shown good reductions in these compounds under certain site
conditions. In general, the effectiveness of permanganate to reduce TCA and DCA depends on the
concentrations of competing reduced/oxidizable species present at the Site. These include chlorinated
ethenes, other contaminants, organic carbon sources, and inorganic compounds such as iron and
manganese. The monitoring well network currently in place at the Site has delineated the extent of both
the ethane and ethane plume. The plume is currently limited to the area beneath the Texaco Hangar and
the adjacent Phillip Morris Hangar and not potential receptors to the groundwater contamination has been
identified within or in the vicinity of the plume.

Woodard & Curran (205265) June 2001
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W&C will perform the pilot test activities to gauge the effectiveness of this technology to address both
chlorinated ethenes and ethanes present at the Site. The data generated during the pilot test will be
evaluated against the project objectives, specifically the ability of the permanganate to reduce the
contaminant mass of all the compounds of concern present at the Site, including TCA and DCA which are
both present at the site at concentrations above the New York Groundwater Standards. The results of the
pilot test will be presented and discussed in the Feasibility Study to be completed at the Site. As required,
the Feasibility Study will present the most appropriate and comprehensive remedial approach to address
all of the compounds of concern at the Site.

Permanganate oxidizes the chlorinated ethenes to CO2, water and carbonate ions. The balanced
chemical equations for permanganate oxidation of TCE, PCE and VC are:

PCE: 4KMnO, + 3C,Cly+ 4 H,0 > 6CO,+ 4MnO, +4K" +12CI'+ 8H'
TCE: 2KMnO, + CHCl,> 2CO,+ 2MnO, + 2K +3CI+H"
VC: 10KMnO, + 3C,H;Cl> 6CO,+ 10MnO, + 10K" +3CI+70H"+H,0

Potassium Permanganate is applied as a solution. The solution is relative stable and generally consumed
only through reaction with the contaminants or other reduced species. W&C experience has shown that a
2 -5 % solution of KMnO, works best for field applications.

In situ oxidation is a chemical reaction. The effectiveness of treatment depends on three factors: 1) the
kinetics of the reaction between the permanganate and the contaminant; 2) the contact between the
oxidant and the contaminants; and 3) competitive reactions of permanganate with other
reduced/oxidizable species in the aquifer. W&C’s experience has shown that significant oxidation can be
observed in as little as a few hours after addition, but travel times for permanganate to migrate away from
the addition point may be on the order of days to weeks depending on the rate of groundwater flow. The
pilot test activities proposed by W&C will provide the information required to evaluate the feasibility and
total expected costs of utilizing in-situ KMnO, applications to meet the project objectives.

Additional information regarding in-situ chemical oxidation using KMnO, and W&C’s experience with
this technology is in Attachment 1 and 2.

Woodard & Curran (205265) June 2001
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2. TEST ACTIVITIES

Woodard & Curran will perform the following activities as part of the KMnO, Pilot Study at the
Westchester County Airport Hangar D site.

Pre-Addition

Addition Activities

Post-Addition

Prepare a Project
Specific Health and
Safety Plan.

Perform additional
assessment activities to
better define the vertical
and horizontal extent of
the source area.-

Complete five test
monitoring  wells to
better document the
results of the KMnQO,
addition.

Perform pre-addition
groundwater monitoring

Prepare KMnO, slurry
solution for injection into
subsurface via Geoprobe
borings.

Addition of 50-100 Ibs.
of KMnOj at each of the
borings located at
varying locations and
depths across the source
area.

Perform  post-addition
field monitoring  of

groundwater quality
parameters.
Collect groundwater

samples  from  test
monitoring  wells  for
analysis one month and
three  months  after
addition activities.

Include a summary of
findings and evaluation
of the pilot test results in
the Feasibility Study
being developed for the
Site.

and sampling activities.

2.1 PRE-ADDITION ACTIVITIES
W&C proposes to perform the following pre-test activities:
e Prepare a Project Specific Health and Safety Plan;
e Perform additional assessment activities within the source area; which will include:
o Collect and analyze for VOCs in soil and groundwater samples from five (5) soil borings
using a Geoprobe sampling device in the MW-01 and MW-02 areas to better delineate
the location and extent of the source area soil and groundwater contamination. Detail A

presents the design details for the geoprobe soil borings and monitoring wells;

o Complete five (5) of the soil borings into temporary monitoring wells for use during the
pilot study;

Woodard & Curran (205265) June 2001
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e Perform “Base Line” groundwater sampling and monitoring activities which will include:

o Collection and laboratory analysis of groundwater samples from 10 (new and pre-
existing) monitoring wells for VOCs by EPA Method 8260 and the presence of
manganese and chloride ion.

o Monitor field groundwater quality parameters (dissolved oxygen, Oxidation-reduction
potential, pH, temperature, conductivity) from 15 monitoring wells prior to performing
KMnO, addition activities.

Based on the current understanding of the site, W&C proposes to perform the KMnO, addition test
activities in the area between MW-01 and MW-02, as shown on Figure 2. Table 1 below lists the existing
Site wells and the proposed new wells for use during the pilot test.

TABLE 1: PROPOSED TEST MONITORING WELLS

Well ID Pilot Test Function

Existing Monitoring Wells to be used during Pilot Test Activities

MW-01 Source area test monitoring well
MW-08S Source area test monitoring well
MW-08D Source area test monitoring well
MW-02 Source area test monitoring well
MW-07S Down-gradient test monitoring well
MW-07D Down-gradient test monitoring well
MW-09S Down-gradient test monitoring well
MW-09D Down-gradient test monitoring well
MW-10S Down-gradient test monitoring well
MW-10D Down-gradient test monitoring well
New Monitoring Wells to be used during Pilot Test Activities

GP-1 Source area test monitoring well
GP-2 Source area test monitoring well
GP-3 Source area test monitoring well
GP-4 Source area test monitoring well
GP-5 Source area test monitoring well

Woodard & Curran (205265) June 2001
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2.2 KMNOQO4 ADDITION ACTIVITIES

W&C proposes to inject KMnO, into the subsurface using temporary injection points (drive points)
installed through the hangar floor. The potassium permanganate will be premixed in a mix tank and
applied to the subsurface via eight (8) temporary injection points utilizing a Geoprobe rig and a high-
pressure grout pump.

W&C proposes to inject 50 to 100 lbs. of KMnO, at eight (8) temporary injection locations (for a total
KMnO, mass of approximately 400 to 800 lbs.) into the source area soils and groundwater during the
injection activities. W&C bases this estimate on our past experience with KMnO, addition, current
industry practice; and understanding of the Site geology, groundwater quality and contaminant mass.
W&C is confident that this mass range will result in the successful completion of the injection activities,
in a safe controlled manner, while also providing sufficient data related to the reduction of the
contaminant mass within the test area.

The mix tank will consist of a 55-gallon open topped drum. The powdered KMnO, will be mixed with
water in the 55-gallon drum, which will be placed in a secondary containment tub to minimize the chance
of spills. The solution will be pumped from the mix tank to the geoprobe rig where the high pressure
grout pump will be used to inject it into the aquifer.

The addition activities will be completed within the Texaco Hangar and will not impact airport activities.
The two injection locations are along the walls of the hangar and therefore, addition activities should not
impact work in the Texaco Hangar. The addition activities are scheduled for completion over several
days. At the end of each day, the mix tank, grout pump, rig and all ancillary equipment will be cleaned an
stored either in an area of the hangar where it will not be in the way, or it will be brought off site. No
mixed solution will be stored overnight and dry KMnO, will not be left in the hangar overnight.

23 POST ADDITION ACTIVITIES
W&C proposes to perform the following post-test activities.

e  Monitor field groundwater quality parameters in all test monitoring wells as follows:
o Once per week for the remainder of the month after the addition activities;
o Once per month for the following two months.
e Perform sampling and analysis of groundwater from 15 monitoring wells, within one month after
addition activities.
e Perform sampling and analysis of groundwater from up to 15 monitoring wells, within 3 months

after addition activities.

Groundwater samples will be analyzed for VOCs by EPA Method 8260 and manganese and chloride ion.

Woodard & Curran (205265) June 2001
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As stated in NYSDEC correspondence dated May 30, 2001, manganese will be monitoring to ensure that
it does not exceed 300 ppb outside of treatment area.

24 SCHEDULE

The Health and Safety Plan will be submitted to the NYSDEC for review within a week of submission of
this Pilot Study Work Plan. The schedule for completion of the Pilot Study is dependent upon the
schedule for the drillers upon receiving approval to proceed. Once we have received approval, we should
be able to get the drillers schedule within three weeks. The schedule will also need to be approved by
Texaco to minimize disruption to there operations during addition activities. A project schedule based on
Weeks and not actual dates is attached to this work plan.

Woodard & Curran (205265) June 2001
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3. GENERATE OF REPORT OF FINDINGS

Upon completion of the pilot study activities, Woodard & Curran will incorporate the results of the pilot
test activities into the Feasibility Study being developed for the Site. In addition, a short letter
summarizing the results of the pilot study including the data collected will be completed and submitted to
NYSDEC. The information that will be evaluated and presented in the feasibility study will include:

e Estimates of the mass of contaminants present in the source zone soils and groundwater;

e Contaminant percent reductions observed as a result of pilot test activities;

e Evaluation of the flow and persistence of KMnO, in the subsurface; and

e A basis for future applications of KMnO, at the Site, including the mass of KMnO, required, the
number of applications necessary and the total cost to closure estimates using KMnO,

technology.

Woodard & Curran (205265) June 2001
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Experience with In-Situ Chemical Oxidation

using the In-Situ Chemical Oxidation Technology. We have effectively introduced

potassium permanganate (KMnO,) and hydrogen peroxide (H,0,) into the subsurface to
destroy petroleum hydrocarbons, chlorinated solvents, and ammonia. Specifically, our experience
using this technology includes:

‘ x ] oodard & Curran has successfully remediated a wide range of contaminated properties

* Open excavation application of potassium permanganate to subsurface soils and
groundwater to remediate chlorinated solvents;

¢ Open excavation application of potassium permanganate to subsurface soils and
groundwater to remediate ammonia;

* Injection of Potassium Permanganate through temporary drive points to remediate
petroleum hydrocarbons in groundwater;

* Injection of Potassium Permanganate solution through an existing well matrix to
address chlorinated solvents and other recalcitrant compounds in the aquifer;

* Injection of hydrogen peroxide/Fenton’s Reactant through 2-inch diameter wells
to remediate residual petroleurn hydrocarbons in soils and separate phase NAPL
floating on the surface of the water table; and

 Injection of hydrogen peroxide/Fenton’s Reactant through 4-inch diameter wells
to remediate residual DNAPL and dissolved chlorinated solvents present in the
aquifer.

These activities have ranged from discrete application of potassium permanganate within a
residential neighborhood to one of the first large-scale applications of potassium permanganate in
the country of potassium permanganate at an EPA Region 1 Superfund site. The applications of
potassium permanganate have included “soil mixing” approaches to address soil contamination,
“inject and leave” approaches for cost effective, low impact polishing of an aquifer, and an
aggressive “inject and control” approach to enhance the operation of an existing groundwater
pump and treat system.

W&C’s technical know how, scientific experience and hands-on experience with this technology
allows us to design, permit and document the application of in-situ chemical oxidation technology
in a successful, efficient and safe manner, regardless of whether it’s a small scale polishing step or
a comprehensive, high profile remediation project.

In addition to our remediation services, W&C’s varied industrial, regulatory and hazardous waste
experience will also be on-hand, to handle any and all technical, regulatory and risk issues that
may arise during project activities. The remainder of this section presents case studies that describe
in more detail our experience with in-situ chemical oxidation. Section 4 presents examples of our
experience with other hazardous waste services.

Woodard & Curran’s Experience with In-Situ Oxidation



SUCCESSFUL IN-SITU OXIDATION OF Cs to C;; RANGE PETROLEUM
HYDROCARBONS USING POTASSIUM PERMANGANATE

Michael Doherty, P.E. and Robert W. McGrath :
Woodard & Curran, Inc., 980 Washington Street, Suite 325, Dedham, Massachusetts, USA,
. 781/251-0200
mdoherty@woodardcurran.com
rmcgrath@woodardcurran.com

(Submitted to The First International Conference on Oxidation and Reduction
Technologies for In-Situ Treatment of Soil and Groundwater, June 2001 )

Passive injection of potassium permanganate was successfully utilized to remediate Cs to C;,
range petroleurn hydrocarbons dissolved in the groundwater adjacent to a former jet fuel pipeline.
Although in-situ oxidation of this range of petroleum hydrocarbons using potassium permanganate
is not typically completed, this remedial approach was undertaken after analysis of site- and
contaminant-specific conditions. Post-remediation monitoring indicates the potassium
permanganate oxidation destroyed approximately 40% to 80% of the total volatile petroleumn
hydrocarbons present within the aquifer.

Subsurface investigation adjacent to
the former jet fuel pipeline identified
the presence of volatile petroleum
hydrocarbons within an
approximately 10,000-square foot
groundwater plume. Groundwater
occurs within a fine sand
approximately 9 to 11 feet below
ground surface in the vicinity of the
pipeline. The water table has a very
shallow hydraulic gradient and the
aquifer’s estimated hydraulic
conductivity of the aquifer is 1 x 10™
cn/sec.

Using the laboratory analytical methodology developed by the Massachusetts Department of
Environmental Protection, the groundwater contamination was determined to consist primarily of
Cs to Cs aliphatics, Cy to C), aliphatics, and Cy to C;o aromatics (Table 1). Pre-injection
monitoring determined contamination levels were approximately two to three times the most
conservative regulatory cleanup standard, which is applicable to drinking water sources.

A literature search indicated previous field applications of in-situ oxidation using potassium
permanganate had not been overly effective at remediating Cs to C,;; petroleum hydrocarbons
dissolved in groundwater. Nevertheless, it was selected as the remedial approach at this site for
the following reasons:

Woodard & Curran’s Experience with In-Situ Oxidation



(1) Site-specific considerations ruled out utilizing a hydrogen peroxide/Fenton’s Reaction
approach. The former jet fuel pipeline parallels a busy residential street, and both a natural gas
pipeline and a water distribution main are present immediately adjacent to the former jet fuel
pipeline. It was a concern that the generation of heat and gases, associated with utilizing a
Fenton’s Reaction approach, could detrimentally impact the adjacent pipelines and the nearby
residences.

(2) Competing organic compounds, whether naturally occurring or anthropogenic, were
not present. The water table was primarily fine sand with a relatively low naturally occurring
organic content. In addition, contamination at the site consisted of petroleum and petroleum
constituents only. Thus, there was no competing demand for the oxidant.

(3) The “inject and leave” approach for introducing potassium permanganate into the
aquifer was cost effective and flexible. The ability to utilize a small geoprobe rig to inject the
necessary mass of potassium permanganate into the aquifer allowed for a cost effective, low
impact, and flexible remedial approach to meet the project objectives.

Potassium  permanganate  was
introduced to the water table aquifer
by injecting a solution of water and
potassium permanganate via a direct
push boring. Injection locations were
spaced between 5 and 25 feet apart
depending on the proximity to the
source of the contamination with the
smallest injection interval employed
in the source area. A grout pump
was used to force the solution into
the subsurface at one or two depth
intervals within the upper 5 to 10 feet
of the water table aquifer. :
Approximately 100 gallons of b : U
solution (mixed with approximately €A LN TR S e
40 pounds of potassium permanganate) was injected at each location. The injection process, from
set up on the injection location to completion of the injection quantity, required approximately 60
minutes per hole.

Post-injection groundwater sampling was completed approximately one week, one month, two
months, and three months following the initial injection process. Results are presented in Table 1.
These post-injection results show a 40% to 80% reduction in Cs to Ci» range. petroleum
hydrocarbon concentrations. The results indicate the “inject and leave” approach of introducing
potassium permanganate to the aquifer was a cost effective and timely approach to reduce Cs to
C,; range petroleum hydrocarbon concentrations and achieve site closure.

Woodard & Curran’s Experience with In-Situ Oxidation



Table 1
Groundwater Monitoring Results (ug/1) - Pre- and Post-Injection Monitoring
Well ID 3341 33-1 33-3 33-3 33-8 33-8 Regulatory
Pre- or Post-Injection Pre Post Pre Post Pre Post Standard
Volatile Petroleum Hydrocarbon Fractions
C5 - C8 Aliphati 490 280 1100 350 860 200 400
C9 - C12 Aliphati 440 170 670 160 380 63 4,000
C9- C10 Aromati 370 210 660 200 180 40 200
Target Volatile Petroleum Hydrocarbon Analytes
Benzene  ND (1) ND (1) ND (5) ND (1) 3 ND (1) 5
Ethylbenzen 9 6 47 13 65 12 700
Toluen 4 ND (5) ND (5) ND (5) ND (2.5) ND (5) 1,000
mé&p xylen 15 6 120 28 110 18 10,000
o-xylen 3 ND (5) 18 ND (5) ND (2.5) ND (5) 10,000
MTBE ND (1) ND (5) ND (5) ND (5) ND (2.5) ND (5) 70
Naphthalen ND (11) ND (5) 15 11 ND (11) ND (5) 20

Notes: (1) Concentrations in micrograms per liter.
(2) ND = Not detected at detection limit shown in parenthesis
(3) Samples analyzed using the Massachusetts Department of Environmental
Protection Volatile Petroleum Hydrocarbon Method

Figure 1
Groundwater Monitoring Results (ug/1) - Pre- and Post-Injection Monitoring

1200 t¢Cs - C8 Aliphatics
Well 33-1 Well 33-3 M C9 - C12 Aliphatics
__ |Bc9-c10 Aromatics
800 7

Well 33-8

Concentration

Pre Post
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FORMER ELECTRONICS MANUFACTURING FACILITY, PLAINVILLE, MA
Massachusetts DEP Release Abatement Measure —
Contaminant Mass Removal Activities

Key Activities: Delineation and excavation of hot spot soils impacted with
chlorinated solvents; Application of Potassium permanganate to
the excavation grave to address residual contamination in soil and
groundwater; Performance of field test to determine site specific
oxidant demand for possible future applications of potassium
permanganate.

W&C Personnel Involved: John Thompson - project manager, regulatory negotiations
Michael Doherty — senior engineer
Vinutha Gowda - staff engineer

The project scope included the excavation and disposal of approximately of 30 cubic yards of soils
impacted with chlorinated solvents; addition of approximately 400 pounds of potassium
permanganate to the excavation grave; mixing of the potassium permanganate with the soils and
groundwater in the immediate vicinity of the excavation to destroy any residual concentrations of
chlorinated solvents in the subsurface soils and groundwater; and post application monitoring of
downgradient groundwater quality.

The nature and distribution of constituents at
the Site have been investigated since the early
1990s. Industrial chemicals identified in the
environment included chlorinated hydro-
carbons in soil and groundwater. During the
mid 1990’s, a previous consultant completed
assessment and removal actions at the site and
determined that natural attenuation would
successfully eliminate the nsk to the ; e
environment and ultimately close-out the site under MADEP reoulatxons However, in 1999, a
MADEP audit of the site conditions found that no significant risk reduction levels had been
achieved at the site. Woodard & Curran was brought in at this time to develop a closure plan that
would reach a permanent solution at the site,

Woodard & Curran gained regulatory approval to perform the excavation and permanganate
addition activities; developed a detailed field work plan and conducted the field activities in a
timely and cost effective manner. Post application groundwater monitoring is currently on-going.

In addition, W&C also performed field test activities to determine the site specific oxidant demand
of the site soils. The results from these activities will be utilized to determine the mass of
potassium permanganate necessary to remediate site soils in other areas of the property if required
in the future. Preliminary results from pilot test activities showed contaminated reductions in soil
from 60 to 80%.

Woodard & Curran’s Experience with In-Situ Oxidation
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Rapid Risk-Based Site Closure Achieved Using In-Situ Chemical Oxidation

Robert W. McGrath, Woodard & Curran, Inc. and Ronald F. Adams, P.E., ManTech
Environmental Corporation.

(Presented at Focus Conference on Eastern Regional Groundwater Issues, October 2000,
sponsored by the National Ground Water Association and EPA Region III)

Groundwater remediation at a former industrial facility was quickly accomplished using the
CleanOX® in-situ chemical oxidation process, a patented groundwater remediation technology-
which uses Fenton-like chemistry. A due diligence site assessment at the facility detected
petroleum-contaminated groundwater attributable to a former #2 fuel oil underground storage tank.
The former industrial facility was undergoing redevelopment by a property developer and rapid
groundwater remediation was required to achieve regulatory site closure requirements and to keep
the redevelopment schedule on-track. Within five months of initiating chemical oxidation
remediation, the source area was remediated and contaminant levels were below risk-based closure
guidelines.

Site assessment activities detected a 2,000-
square foot petroleum plume on the property.
The plume was present both adjacent to and
undemeath a building. Petroleum concentrations
detected in groundwater samples exceeded the
Massachusetts Contingency Plan (MCP) Upper Concentration Levels. Soil underlying the site
consisted of fine-grained sand with lenses of silty fine sand and silt. The aquifer’s hydraulic
conductivity was estimated to be 3.5 x 10 cm/sec based on slug test results. Groundwater
occurred approximately 20 feet below ground surface, although the basement of the on-site
building was approximately 15 feet below grade, making the depth to groundwater under the
building (where petroleurn had migrated) five feet.

Chemical Oxidation (CIeanOX® Process)

H2O2 + ChHy + HO 3H20 + CO»p

Prior to initiating the in-situ
remediation, a laboratory bench
test using site groundwater
proved the CleanOX® process
effectively degraded the site’s
organic contamination to carbon
dioxide and water. Six two-inch
diameter injection wells were
installed within the groundwater
plume to ensure delivery of the
liquid chemical formulation to
the contaminated groundwater.
After lowering the aquifer’s pH,
hydrogen peroxide was
introduced into the aquifer to
oxidize the organic - S
contaminants. Aquifer geochemistry was continually monitored throughout the injection process
to ensure the stability of the chemical reaction.

1y,

L.

- . -
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After a single chemical oxidation treatment cycle, which lasted about 10 days, and a two-week
stabilization period, significant reductions in petroleum concentrations were measured in
groundwater samples collected from most monitoring wells. A second cycle of the CleanOX®
process was implemented approximately one month following the initial injections. This second
~cycle focused on the former tank location where petroleum concentrations were highest.
Groundwater monitoring following the second application cycle indicated that petroleum
concentrations in groundwater across the entire site had decreased by more than 90%.

An MCP Risk

Hydrocarbon Concentration Characterization ~ was
(C11 to C22 Aromatics) completed based upon
Before and After Injections ' the results of multiple

groundwater sampling
rounds and concluded
the site posed No
Significant Risk. Site

— M Pre-Injection
M Post Injection

=

€

S 35 documentation was

® 30 submitted to regulatory

5 25 officials to achieve site

e 20 closure and to maintain

O 15 .

o 10 unrestricted future use
5 of the property. Site

0 +—EEE A SRNENE - remediation and

Well 5 Well A Well D monitoring activities,
which were completed
while the property was
undergoing redevelopment, were accomplished within a five-month period which allowed site
redevelopment to maintain an aggressive schedule.

Robert W. McGrath is a Senior Hydrogeologist with Woodard & Curran, Inc. (980 Washington
Street, Suite 325, Dedham, MA 02067; www.woodardcurran.com). He received his B.A. in
geology from Ambherst College and his M.S. in geology from the University of Wisconsin-
Madison.

Ronald F. Adams, P.E. is an Executive Director with Mantech Environmental Corporation (14290
Sullyfield Circle, Suite 100, Chantilly, VA 20151; www.mantech.com). He holds a B.S. in
chemical engineering from the University of Massachusetts-Ambherst.
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Other Woodard & Curran Experience with In-Situ Chemical Oxidation

Manufacturing Facility, Attleboro, MA _

In 2000, Woodard & Curran implemented a successful application of potassium permanganate to
address site soils and groundwater that had been impacted by ammonia from an above-ground tank
leak at a manufacturing facility in Attleboro, MA. After determining that the tank release had
resulted in the presence of dissolved ammonia in groundwater, Woodard & Curran developed a
work plan that included the excavation and disposal of approximately of 20 cubic yards of soils
impacted with ammonia; addition of approximately 200 pounds of potassium permanganate to. the
excavation grave; mixing of the potassium permanganate with the soils and groundwater in the
immediate vicinity of the excavation to destroy any residual concentrations of ammonia in the
nearby subsurface soils and groundwater; and post application monitoring of down-gradient
groundwater quality. Asa result of these activities, ammonia concentrations in groundwater were

reduced by over 80%.

In-Situ Oxidation Technologv Feasibility Testing, Superfund Site, Maine

In 1997-1998, Woodard & Curran staff took the lead in developing work plans, designing the site-
wide testing approach and performing the field test activities to evaluate the effectiveness of
potassium permanganate as an in-situ oxidation technology to address chlorinated hydrocarbons in
the soils and groundwater at the site at a superfund site in Maine. During this field test activities,
over 3,500 pounds of potassium permanganate was injected into the subsurface through a series of
twenty injection wells located over an acre site.

Due to the favorable results of the feasibility testing, and subsequent applications of potassium
permanganate into the impacted aquifer, the client received the necessary approvals from state and
federal agencies to stop operation of 2 costly groundwater pump and treat system that was being
operated at the site. Thereby providing the client with a significant cost savings over the life of
the project.

Former Electronics Facilitv, Cambridge, MA

In 1997, Woodard & Curran implemented a successful application of CleanOX®, a patented in-
situ oxidation technology, to address dissolved chlorinated volatile organic compounds
(tetrachloroethylene and trichloroethylene) in groundwater at a remediation project in Cambridge,
MA. The property was formerly used to manufacture transistors, wafers, chips, and discs for the
electrical components industry. During a “due diligence” assessment, chlorinated VOCs at
concentrations above regulatory standards were detected in groundwater at two discrete locations
on the property. The release was attributed to discharge of solvents to a leaking sewer main. A4-
inch diameter injection well was installed at each location. These injection wells were constructed
with well screens extending to the top of a peat layer which occurred approximately 13 feet below
ground surface. A pilot test was completed to evaluate the appropriate concentration of hydrogen
peroxide to inject into the subsurface. Based on this study, a solution of 17.5 percent hydrogéen
peroxide was injected into the water table aquifer. A vigorous exothermic reaction was monitored
during injection. After one application of hydrogen peroxide was completed, post-injection
groundwater samples were collected and the dissolved levels of VOCs were found to be less than
site closure goals. No additional remediation actions were needed, and a Class A-2 Response
Action Outcome (RAO) Statement was submitted to the Massachusetts Department of
Environmental Protection to achieve regulatory site closure. While Woodard & Curran completed
this site remediation, the site was re-developed for use as office space and a glass blowing studio.
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Former News Publisher Facility, Framingham, Massachusetts
(as presented in Field Applications of In-Situ Remediation Technologies: Chemical Oxidation,
EPA 542-R-98-008, September 1998)

~ Woodard & Curran monitored a pilot and full-scale application of in-situ chemical oxidation
(CleanOX®) for the remediation of 1,1-dichloroethene (DCE), 1,1,1-trichloroethane (TCA), and
vinyl chloride (VC) in groundwater at a former news publisher facility in Framingham,
Massachusetts, in 1996. A dry well discovered during a site assessment contained chlorinated
solvents and petroleum hydrocarbons from disposal of ink and degreaser wastes. The area of
cleanup consisted of crushed stone and soil surrounding the former dry well. Soil surrounding the
dry well was a fine-grained silty sand. Depth to groundwater averages approximately 2% ft below
. ground surface. The contaminant plume was approximately 80 x 80 feet. Pre-treatment
concentrations of TCA in the two monitoring wells were measured at 40,600 and 4,800 pg/L, and
VC concentrations were 440 and 110 pg/L.

A pilot -scale application was conducted to evaluate site-specific geochemistry. Two CleanOX®
application points were used over a 3-day period for treatment within the 30-foot diameter dry well
area. The application involved a solution of hydrogen peroxide, an iron catalyst, and an acid to
control pH. Two 4-in diameter PVC wells and five surrounding monitoring wells were sampled
prior to application and re-sampled 3 weeks after treatment Samples collected 3 weeks after the
treatment indicated that TCA at the two contaminated wells dropped from 40,600 to 440 pg/L and
from 4,800 to 2,300 pg/L.. Concentrations of VC dropped to levels ranging from below detection
to 85 pg/L in nearby wells. '
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