NORTH CAROLINA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES

APPLICATION FOR PERMIT TO CONSTRUCT AND/OR USE A WELL(S) FOR
INJECTION

Class 51 Wells

In Accordance with the provisions of NCAC Title 15A; 02C.0200
Complete application and mail to address on the back page.

TO:  DIRECTOR, NORTH CAROLINA DIVISION OF WATER QUALITY
DATE: May 14 , 199

A, PERMIT APPLICANT

Name: Sears Logistics Services

Address: 5335 Deverly Doerd

City: Foffiren Istates State: I Zip Code: Q179
County: Telephone: _(847)645~5100

B. PROPERTY QWNER (if different from applicant)

Name: W.P. Ballard Campany of Greenshoro, Inc.

Address: 775 The Bxchange, Suite 320

City: Atlanta State: GA Zip Code: 30339
County: Telephone: _ (770) 952-1661

*See attached for additional property owrer.
C. STATUS OF APPLICANT

Private; Commercial: X Federal: State:
County: Municipal: Native American Lands:

D. FACILITY (SITE) DATA '
(Fill out ONLY if the Status is Federal, State, County, Municipal or Commercial).

Name of Business or Facility: __Fomer Greenshom Distrihition Center
Address: ___2600 Iaurdale Drive

City: Greenshoro Zip Code: _ 27408  County: Grilford
Telephone: (404)364-1400 Contact Person: Ross Georen

E. INJECTION PROCEDURE

Provide a detailed description of all planned activities relating to the proposed injection
facility including but not limited to:

{(H construction plans and materials;

(2) operation procedures; and * See Attached

(3) a planned injection schedule.
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F. DESCRIPTION OF SITE

Provide a brief description of the contamination incident and the incident number
assigned by the Division of Water Quality staff in the Department’s Regional Office:
See attached supplemental information,

G. HYDROGEOLOGIC DESCRIPTION

Provide a hydrogeologic description, soils description, and cross section of the subsurface to a

depth that included the known or projected depth of contamination. The number of borings

shall be sufficient to determine the following:

(1) the regional geologic setting;

(2) significant changes in lithology;

(3) the hydraulic conductivity of the saturated zone:

(4)  the depth to the mean seasonal high water table; and

(5) a determination of transmissivity and specific yield of the aquifer to be used for
injection (showing calculations).

-

H. MONITORING PROCEDURE

Provide plans for proposed location and construction details of groundwater monitoring well
network, including a schedule for sampling and analytical methods.  Include any
modeling/testing performed to investigate injectant’s potential or susceptibility to change
(biological, chemical or physical) in the subsurface.

I. WELL USE Will the injection well(s) also be used as the supply well(s) for the following?
(1) The injection operation? YES NO X
(2) Personal consumption? YES NO X

L. CONSTRUCTION DATA {check ope}

EXISTING WELL being proposed for use as an injection well. Provide the
data in (1) through (7) below to the best of your knowledge. Attach a copy
of Form GW-1 (Well Construction Record) if available.

X* PROPOSED WELL to be constructed for use as an injection well, Provide
the data in (1) through (7) below as PROPOSED construction
specifications. Submit Form GW-1 after construction.

*Taporary Geoprobe Points
(1) Well Drilling Contractor’s Name: To Be Determined
NC Driller Registration number: _To Be Determina]d
(2} Date to be constructed: 8/ Number of borings: AN0-295

Approximate depth of each boring (feet): 47 fr. To 65 ft. bes.
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()

(4)

(5)

(6)

(7

Well casing:  N/a

Type: Galvanized steel____ Black steel Plastic_ Other (specify)
Casing depth:  From to ft. (reference to land surface)
Casing extends above ground inches

Grout: N/A

Grout type: Cement ____ Bentonite __ Other {specify)

Grouted surface and grout depth (reference to land surface):
__around closed loop piping; from to (feet),
_around well casing; from to (feet).

Screens  N/A
Depth: From to feet below ground surface.

N.C. State Regulations (Title 15A NCAC 2C .0200) require the permittee to make
provisions for monitoring wellhead processes. A faucet on both influent (recovered
groundwater) and effluent (fluid being injected into the well) lines is generally

required.

Will there be a faucet on the influent line? ves no X -N/A
Will there be a faucet on the effluent line? ¥eS_ ¥ no

SOURCE WELL CONSTRUCTION INFORMATION (if different from injection
well). Attach a copy of Form GW-1 (Well Construction Record). If Form GW-1 is not
available, provide the data in part G of this application form to the best of your
knowledge.

NOTE: THE WELL DRILLING CONTRACTOR CAN SUPPLY THE DATA FOR EITHER EXISTING OR

PROPOSED WELLS IF THIS INFORMATION [S UNAVAILABLE BY OTHER MEANS.

K. OTHER WELL DATA

Provide a tabulation of data on all wells within % mile of the injection well(s), excepting
water supply wells serving a single-family residence, which penetrate the proposed injection
zone. Such data shall include a description of each well’s type, depth, record of abandonment
or completion, and additional information the Director may require.

L. PROPOSED OPERATING DATA

(1)
(2)
(3)
(4)
(3)
(6)
(7)

Injection rate: Average (daily) 10 gallons per minute (gpm)
Injection volume: Average (daily) _ 3500 gallons per day (gpd)
Injection pressure:  Average (daily) _1%0__ pounds/square inch (psi)
Injection temperature: Average (January) 45 °F, Average (July) 8 °F
Hydraulic capacity of the well: 10 GR¥/Point
Expected lifetime of the injection facility: WA _vears -Terporary
Give a description of how the above data will be measured and controlled:

See attached syplemental information
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M. INJECTION-RELATED EQUIPMENT

Attach a diagram showing the detailed plans and specifications of the surface and subsurface
construction details of the system.

N. LOCATION OF WELL(S)

Attach a scaled, site-specific map(s) showing the location(s) of the following:

(1)
2
(3)
4)
(>
(6)

(N
(&

(9)

(10)

the proposed injection well(s);

all property boundaries;

contour intervals not exceeding two feet;

the direction and distance from the injection well or well system to two nearby,
permanent reference points (such as roads, streams, and highway intersections);

all buildings within the property boundary;

any other existing or abandoned wells, including water supply and monitoring wells,
within the area of review of the injection well or wells system;

potentiometric surface showing direction of groundwater movement;

the horizontal and vertical extent of the contaminant plume (including
isoconcentration lines and plume cross sections);

any existing sources of potential or known groundwater contamination, including
waste storage, treatment or disposal systems within the area of review of the injection
well or well system; and

all surface water bodies within 1000 feet of the injection well or well systemn.

0. INJECTION FLUID DATA

(1)

Fluid source, if underground, from what depth, formation and type of rock/sediment
unit will the fluid be drawn (e.g., granite, limestone, sand, etc.).

Depth: N/A

Formation: __ N/A

Rock/sediment unit:  N/A

Provide the chemical, physical, biological and radiological characteristics of the flujd
to be injected.

P. PERMIT LIST

Attach a list of all permits or construction approvals that are related to the site, including but
not limited to:

(1)
(2)
(3)

)

Hazardous Waste Management program permits under RCRA
NC Division of Water Quality Non-Discharge permits
Sewage Treatment and Disposal Permits

Other environmental permits required by state or federal law.
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Q.

CERTIFICATION

“I hereby certify, under penalty of law, that [ have personally examined and am familiar with
the information submitted in this document and all attachments thereto and that, based on my
inquiry of those individuals immediately responsible for obtaining said information, I believe
that the information is true, accurate and complete. I am aware that there are significant
penalties, including the possibility of fines and imprisonment, for submitting false
information. [ agree to construct, operate, maintain, repair, and if applicable, abandon the

T Revnar /.

(Signature of Well Owner or Authorizgd Agent)

if authorized agent is acting on behalf of the well owner,
Please supply a lerter signed by the owner
authorizing the above agent.

CONSENT OF PROPERTY OWNER (Owner means any person who holds the fee or other
property rights in the well being constructed. A well is real property and its construction on

land rests ownership in the landowner in the absence of contrary agreement in writing. )

(Signature Of Property Owner If Different From Applicant)

Please return two copies of the completed Application package to:

UIC Program
Groundwater Section
North Carolina DENR-DWQ
P.O. Box 29578
Raleigh, NC 27626-0578

Telephone (919) 715-6165
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Q. CERTIFICATION

“I hereby certify, under penalty of law, that [ have personally examined and am familiar with
the information submitted in this document and all attachments thereto and that, based on my
inquiry of those individuals immediately responsible for obtaining said information, [ beljeve
that the information is true, accurate and complete. I am aware that there are significant
penalties, including the possibility of fines and imprisonment, for submitting false
information. I agree to construct, operate, maintain, repair, and if applicable, abandon the
injection well and all rejated appurtenances in accordance with the approved specifications

(Signature of Well Owner or Authorized Agent)

If authorized agent is acting on behalf of the well owner,
please supply a letter signed by the owner
authorizing the above agent,

[f the property is owned by someone other than the applicant, the property owner hereby
consents to allow the applicant to construct each injection well as outlined in this application
and that it shall be the responsibility of the applicanto ensure that the injection well(s)

conforms to the Well Construction Standards (Title 13

CAC 2C .0200)

@9’7\0 Ja

(Signature Of Property Qwnerdf Different From Applicant)
G Bora DisTABTT ot GO, LLE | mAanAGI Nt MEMbER_

Please return two copies of the completed Application package to:
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UIC Program
Groundwater Section
North Carolina DENR-DWQ
P.0C. Box 29578
Raleigh, NC 27626-0578

Telephone (919) 715-6165
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Q. CERTIFICATION

"I hereby certify, under penalty of law, that [ have personally examined and am familiar with
the information submitted in this document and all attachments thereto and that, based on my
inquiry of those individuals immediately responsible for obtaining said information, I believe
that the information is true, accurate and complete. I am aware that there are significant

penalties, includin

g the possibility of fines and imprisonment, for submitting false
information. I agree to construct, operate, maintain, repair, and if applicable, abandon the

(Signature of Well Owner or Authorized Agent)

if authorized agent is acting on behalf of the well owner,
please supply a letter signed by the owner
authorizing the above agent.

R. CONSENT OF PROPERTY OWNER (Owner means any person who hoids the fee or other

property rights in the well being constructed. A wel] is real property and its construction on
land rests ownership in the landowner in the absence of contrary agreement in writing.)

If the property is owned by someone other than the applicant, the property owner hereby
consents to allow the applicant to construct each mjection well as outlined in this application
and that it shall be the responsibility of the applicant to ensure that the injection well(s)
conforms to the Well Construction Standards (Title ISANCAC 2C .0200)

2l p A4

(Signature Of Property Owner If Different From Applicant)
On behalf of W.P Ballard & Company of Greensboro, Inc.

Please retum two copies of the completed Application package to:
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UIC Program
Groundwater Section
North Carolina DENR-DWQ
P.O. Box 29578
Raleigh, NC 27626-0578

Telephone (919) 715-6165
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SUPPLEMENTAL INFORMATION

Part A

No additional information required.

Pari B

The information for the second property owner (the former Greensboro Distribution Center facility) is as
foliows:

Greensboro Distribution Group, LLC
3340 Peachtree Road

Suite 1500

Atlanta, Gecrgia 30326

{404) 364-1400

Part C

No additional information required.

Part D

No additional information required.

Part E

The objective of this project is to remediate soif and groundwater impacted by a tetrachloroethene release
which occurred on the W, P. Ballard Property, and subsequently impacted the downgradient former Sears
Greensboro Distribution Center property (now owned by Greensboro Distribution Group [L.C). The
remedial approach is to apply the technologies of in sifu chemical oxidation, and high vacuum dual phase
{MVDP} extraction and treatment of groundwater and soil vapor utilizing on-site treatment. This approach
is based on pilot test data collected in 1997 and 1999, and bench scale tests conducted in 1998 and
1999, coupled with recent experience at similar sites. These technologies will be implemented in a multi-
phase approach. The first phase is in situ chemical oxidation, and is proposed for implementation by

treatment per this application.

In situ chemical oxidation is a technology that has been used at other sites to remediate chlorinated
solvents quickly and economically. A recent EPA publication, included in Attachment A, describes the
technology and some recent applications. [T Corporation has implemented this technology successfully
at sites throughout the United States and overseas. Case studies on some of these applications are

included in Attachment B,

For this site, we are proposing to utilize permanganate as the oxidizing agent. There are many oxidants
which are potentially usable, but only some are environmentally acceptable. Permangzanate was selected
because it is stable, non-hazardous (outside of its oxidizing nature) and easily handled. It is widely used
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in conventional water treatment. Permanganate reacts well to oxidize PCE, TCE and DCE and the
reaction is rapid and complete. As can be seen below:

PCE: 4NaMnQ, + 3C,Cly + 4H,0 > 4MnO, + 6CO, + 12CI + 4Na* + 8H"
TCE: 2NaMnO, + 2C,Cly + 4H,0 — 2MnQ, + 2C0, + 3CH + 2Na* + H”
DCE: 8NaMnQ, + 3C,H,Cl, + 4H" - 8MnO, + 8CO, + 8CI + 8Na® + 4H,0

Laboratory (bench scale) treatability tests were performed using site soils and groundwater to confirm the
effectiveness of this oxidizer in meeting the remedial objectives for this site. The tests also determined
the dosage required to achieve the desired reductions in the adsorbed and dissolved phase chlorinated
solvent concentrations. The Laboratory Treatability Study Report is included as Attachment C.

The proposed method of delivery of the chemical is by application through temporary Geoprobe points.
This method ailows for efficient distribution of the oxidizer to the target treatment zones. A pilot test of the
application method was conducted at the site on March 25 and 26, 1589 using clean water to confirm the
hydraulic properties. The Application Pilot Study Report is included as Attachment D.

Based on the laboratory treatability test, pilot application test and the most recent contaminant distribution
data from groundwater sampling, the proposed treatment pian was developed and is presented below:

ltem (1):

Application of the permanganate solution will be performed in three different zones of
contamination. The zones are defined by the levels of chlorinated solvents present within the
subsurface, and are shown on attached Figure 12. The quantity of permanganate solution to be
applied and the spacing of the application points was calculated based on the volume of impacted
media present within each zone, dissolved and adsorbed phase contamination levels present and
the oxidation potential of natural constituents present within the soil. The following application
regime is proposed to utilized:

«Z0ne | 15% sodium permanganate solution; application points @ 20 foot
centers; 350 gallons per point (average of 25 gailons per 5 foot interval).

sZone b 15% sodiurn permanganate soiution; appfication points @ 40 foot
centers; 330 gallons per point (average of 24 gallons per 5 foot interval).

oZone 3% sodium permanganate solution; application points @ 40 foot centers:
350 gallons per point {average of 25 gallons per 5 foot interval).

The application “facility" will consist of two separate operations. The mixing operation will be
performed in a pre-established containment area on the former SLS property.  The 40%
permanganate solution will delivered to the site in either 55-gallon drums or 550-gallon tope
tanks. Two 2,500-galion polyethylene tanks will be used to mix/dilute the 40% solution of sodium
permanganate to the required levels. The 40% permanganate solution witl be transferred to the
polyethylene container using a centrifugal transfer pump and mixed with municipal water to
prepare a single 2,000-gailon batch in each 2,500 gallon tank. Individual batches will be
prepared daily for use the following day.
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For the initial appication event, sodium permanganate will be delivered to the site as a 40%
solution in a bulk shipment of approximately 70,000 pounds {~20,000 galicns). Currently, 55-
gallon drums are the only approved transport method for the solution, a 550-gaflon tope tank
maybe approved for soiution transport prior to the required shipment date, tentatively scheduled
for the first week in June 1999. For subsequent events, shipments of smaller quantities will be
obtained.

The soiution storage and mixing location will be established in stable accessible area. Temporary
containment will be employed to prevent the release of the reactive solution. Fencing will aiso be
installed to limit access to staged and mixed materials.

The permanganate sofution will be transported from the mixing location to the individual
application points using truck mounted 300 - 500 gallon enclosed polyethylene containers. The
sclution will be applied to the subsurface through temporary Geoprebe points. The Geoprobe
points will be advanced to 65 feet bgs, or until bedrock is encountered. Subsequently, the 1.25-
inch diameter Geoprobe rods will be manifolded to the permanganate delivery system. A
schematic of the propesed manifold and application procedures is attached as Figure 15. The
permanganate solution will be applied to the subsurface via a Geoprobe subsurface application
tool.  This tool will be either a two foot siotted screen, or an integral drive tool with an open
perforated section focated between two wider sections which function as packers during injection.
These assemblies will be able to apply the permanganate solution in discrete 2 to 5-foot intervals.
A diagram fllustrating the application assembly is attached as Figure 18.

The solution application will begin at the base of the Geoprobe boring. Once the probe is
advanced to 65 feet bygs or the final attainable depth, the Geoprobe rig will disconnect from the
boring and the application manifold will be connected. The specified quantity of solution will be
introduced into the bottom 5-foot interval with the pressure flow and total quantity documented.
Subsequent to the application of the solution, the manifold will be gated off, the pressure relieved
and the application assembly point will be raised approximately 5 feet. The application process
will be repeated throughout the saturated zone. Application will also be performed in the vadose
zone soils in areas with confirmed soil contamination.

ltem (3}

The foliowing is the proposed schedule for appfication of the permanganate solution at the
subject site:

Beginning of initial application event (approx. 225 temporary points) June 7, 1999
End of initial application event July 30, 1999
Beginning of second application event (approx. 100 temporary points) June 2000
End of second application event July 2000

The subject site is dry cleaning supply facility, located at 2701 Branchwood Drive, approximately
400 feet east of Battleground Avenue in Greensboro, Guilford County, North Carolina. Currently,
the site is operated by Phenix Supply Company, whe lease the property from W, P. Ballard

L
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Company of Greensboro, Inc. The site location is shown on a portion of the United States
Geological Survey 7.5 minute topographic map of Greensboro, North Carolina Quadrangle,
included as Figure 1.

The subject site was developed in 1957 as a dry cleaning supply and distribution facility, operated
by W.P. Ballard Company of Greensboro, Inc. (Ballard). From 1990 to the present, the site has
been teased by Phenix Supply Company from Ballard. A petroleum hydrocarben release was
discovered during the performance of underground storage tank (UST) removal activities in
September 1891. At the time of the discovery of the release, two 550-gailon USTs, one
containing heating o#f and one containing gasofine, were removed. The release was reported to
have been associated with the former gasoline UST. The NCDENR was notified of the release in
September 1991 and was identified as Groundwater Incident Number 6953.

The subsequent investigation revealed the presence of high concentrations of dissolved phase
chiorinated ethenes, consisting mainly of tetrachloroethene and it's associated breakdown -
products. Tetrachloroethene concentrations detected ranged from 11 ug/l to 270,000 ug/L. The
detected release is associated with tetrachloroethene distribution activities which have historically
been performed on site, and continue to be performed to this day. The site is under the
jurisdiction of the Winston-Salem Regional Office of NCDENR (Groundwater Incident Number
6953) with assistance from the Guilford County Health Department.

Geologic Setting

The Ballard Property is situated in Guilford County, which is located within the Piedmont
Physiographic Province of North Carolina. Specifically, the site is located within the Charlotte
geciogic belt. Per the Geologic Map of North Carolina, the site and surrounding areas are
underlain by metamorphosed granitic rock.

Site Geology

Based on data coliected during drilling operations, the subsurface stratigraphy consists of
unconsolidated mixtures of sand, silt and clay sized particles to depths of between 47 and
approximately 65 feet below grade. Unconsolidated materials are saprolitic in nature, resulting
from the in situ chemicai and physical weathering of the parent bedrock. The unconsolidated
material retains refict fractures of the parent material, thereby being saprofitic in nature. Based on
observations made during drilling, true, competent bedrock is concluded to exist below depths of
65 feet below grade. Bedrock encountered at shallower depths is likely to be attributed to the
local presence of pockets of competent bedrock above true bedrock {(undisplaced boulders) due
to differential weathering or differences in surface topography. Other than the interface between
the unconsolidated overburden and the competent bedrock, significant lithologic changes have
not been observed on site. A geologic cross section location map and two geologic cross
sections are included as Figures 5, 6 and 7, respectively.

Site Hydrogeology

The depth to groundwater varies across the site, and ranges from 6.45 to 24.10 feet below
grade. Variations in the depth to groundwater generally correspond with changes in the
topography of the site. Wells exhibiting the shallowest depth to groundwater measurements
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(MW-13, MW-17, MW-18 and MW-22) appear to be located in cut areas, where excavations were
performed to accommodate the former Sears Distribution Center. A water table elevation contour
map was prepared using the November 30, 1998 groundwater gauging data, and is included as
Figure 8.

Between September 10, 1997 and September 18, 1997, pilot test activities were performed by IT
Corporation in the surficial aquifer at the site to evaluate the feasibility of remediation options for
use at the site. As part of the pilot testing, an aquifer test was performed, in which groundwater
was extracted and aquifer response was measured. The aquifer test was performed under
several conditions: vacuum enhanced vs. non-vacuum enhanced, variable flow rates, multiple
pumping wells, etc. As such, traditional data reduction methods could not be empioyed to
evaluate the data. However, examination of the data does provide useful insight into the
subsurface conditions, as well as, the characteristics of the aquifers at the site.

Data reduction for two wells will be discussed here. Well EW-2 is a “shaliow well”, installed to a
total depth of 25 feet below grade. Well EW-3 is a "deep” well, instalied to a tétal depth of 65 feet
below grade. Water level recovery data for these wells were input into the Bouwer and Rice
formula, using the AQTESOLV data reduction program. Data reduction resulted in the following
average horizontal hydraulic conductivity values for the screened intervals of each well;

EW-2: K, = 0.60 fi/day
EW-3: K, =8.11 f/day

These values were compared to typical values of horizontal hydrautic conductivity for aquifer
materials. |t was conciuded that these estimated values fali within the typical ranges for sand and
silt aquifers. Note that well EW-3 has a higher estimated horizontal hydraulic conductivity. The
screened interval for this well was installed near the top of bedrock. The higher hydraulic
conductivity in this well is likely attributed to a zone of coarse particles {partially weathered rock)
near the top of bedrock.

Examination of drawdown curves from recovery and observation wells during the aquifer test
suggests delayed yield effects. Delayed yield would be expected in aquifers with highly stratified
sediments, as were found at the site. Stratification of sediments suggests large differences can
be expected between the horizontal hydraulic conductivity and the vertical hydraulic conductivity.

The average horizontal hydrautic conductivity was calculated to be 2.20 ft/day for the entire
thickness of the surficial aquifer. Since stratified sediments are present, the average vertical
hydraulic conductivity of the surficial aquifer is assumed to be 0.5 that of the horizontal hydraulic
conductivity. As such, the overall average hydraulic conductivity of the surficial aquifer is
estimated to be approximately 1.55 fi/day. The groundwater gradient is estimated to be 0.023
feet/foot across the site. Assuming a porosity of 0.3 and using the average horizontal hydraulic
conductivity (2.20 ft/day), the average linear groundwater velocity across the site is 0.17 feet/day.
Average linear groundwater velocity is caiculated using the following formula;

V=T1Ky}/ne where: V = average linear velocity
i = hydraulic gradient
Ky = horizontal hydraulic conductivity
n, = effective porosity
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Transmissivity of the aguifer may be estimated by the following equation:

T=Ky*b where: T = transmissivity
Ky, = horizontal hydraulic conductivity
b = aquifer thickness

Using an average K, of 1.55 feet per day, and an average aquifer thickness of 55 feet (ground
surface to top of bedrock), the aquifer transmissivity is estimated to be 85.25 feet squared per
day.

As part of the monitoring plan, the existing groundwater monitoring well network at the site will be
utilized. A site map showing the existing monitoring well network is attached as Figure 6. Prior
to, and one month subsequent to the completion of the initial site-wide application event,
groundwater samples will be coflected from 39 of the existing monitoring and pilot test wells,
including: MW-1 through MW-18, MW-17, MW-18, MW-20 through MW-23, MW-27, MW-28,
LMP-1, LMP-2, DW-1 through DW-5, DW-7, DW-8, DW-3, DW-11, DW-12 and DMP-1 through
DMP-4. These monitoring wells are located throughout the proposed application area, as well as,
along the outer edge of the dissoived phase contaminant plume. Collected groundwater samples
will be analyzed for purgeable halocarbons by EPA Method 601, Manganese, Chioride,
Potassium, Sodium, total suspended solids and color. In addition, the foliowing field parameters
will be measured for each sample: pH, temperature, conductivity, and dissolved oxygen. Based
on the results of the initial application event a high vacuum dual phase groundwater and soil
vapor recovery and treatment system will be designed and installed. For the first year of
operations, groundwater sampling will be performed quarterly, subsequently sampling will be
performed on a semi-annual basis.

Bench scale testing was performed to observe the effects of the permanganate application on the
residual soils and groundwater, and to monitor the site specific end products of the reaction. The
permanganate solution was found to react completely with the chlorinated ethenes and other
oxidizable compounds {such as metals or other organics) present in the soils and groundwater. A
copy of the Treatability Study Report is inciuded in Attachment C.

it is anticipated that a second, more iimited treatment event will be performed (June 2000). The
number of application points needed for the second event will be based on the results of
groundwater monitoring data; however, the application method/process, the permanganate
solution, and subseguent groundwater monitoring plan are not expected to change from the initial
event.

Groundwater will not be extracted from the subsurface as part the in sitv oxidation process, as
such there will be no influent line used in the injection process. Water required for mixing/diluting
the solution will be acquired from the City of Greensboro Pubic Works Department. Gate valves,
pressure gauges and a flowmeter will be installed on the"effluent” or application line to control
the quantity and rate of the solution applications. Since groundwater recovery will not be part of
the process, there is no "Source Well”; therefore, construction details of such are not applicable.
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The initial application event is scheduied to be performed in June - July 1999 (over a period of
approximately 7 weeks). Approximately 225 Geoprobe points will be used to perform the
application of the oxidants to the subsurface. Each Geoprobe point will be 1.25 inch in diameter
and installed to a depth ranging from 45 and 65 feet below ground surface (depending on depth
of refusal). Well casing and screen will not be installed. An illustration of the application tip on
the Geoprobe is included as Figure 16. Each Gecprobe point will be grouted to the surface with
a bentonite/grout siurry (abandoned) after the application has been completed at a particular
point.

ftis anticipated that the second treatment event will be performed around June 2000. For this
event, an estimated 50 to 100 Geoprobe treatment points will be used. This event will be
performed in a simitar manner as the initial event.

Attached Table 1 is a construction summary of the previous permanent monitoring and pilot test
wells installed to date. A summary of historic groundwater gauging data is included as Table 2. A
summary of baseline soil vapor sampling events performed in the source area is included as
Table 3. A summary of the field screening results for the recent groundwater sampling events
performed by IT Corporation of North Carotina, Inc,, are inciuded as Table 4. A summary of
historic laboratory analytical results for shallow and deep groundwater sampling events are
included as Tables 5 and 6, respeactively.

A sensitive receptor survey was performed by I'T Corporation of North Carolina personnel in
November 1998. No domestic, irrigation or other wells were identified within a 1,500 foot radius
of the site. The City of Greensboro Water Resources Department was contacted regarding the
use of domestic water in the immediate vicinity of the subject site. Per the Water Resources
Department, all residences and businesses focated within the city limits must obtain water from
the City of Greensboro Water Resources (by city ordinance), Water accounts were also
confirmed for all adjacent properties to both the Ballard and former Sears Distribution Center
properties, The exception being 2820 Lawndale Avenue, which was verified as being currently
unoccupied, so a current water account is not in place. A copy of the correspondence from City
of Greensboro Water Resources is included in Aftachment E.

The application rate, volume, pressure and temperature, as well as the hydraulic capacity of each
Geoprobe point, were estimated based on the results of an application pilot test, performed at the
site on March 24-25, 1999, The application rate, at an average pressure of 150 psi, will be
approximately 5 gallons per minute per Geoprobe point. Based on the amount of time needed to
complete application in a singie point, IT anticipates that 5 Geoprobe points can be installed in
one day using a single rig. Since IT plans to have two rigs available, a total of 10 Geoprobe
points could be instailed in one day. Approximately 350 gallons of solution will be applied per
point; therefore, the average application volume would be approximately 3,500 gallons per day.



Part M

Part N

Part O

04/30/99

The application temperature is expected to vary due to seasonal and daily variations in ambient
air temperature; however, both the initial and subsequent treatment events are scheduled to be
performed during the summer months. A process diagram showing the piping and
instrumentation manifold from the mixing tank to the Geoprobe tip is also attached. A
thermometer, {otalizing flow meter, pressure gauge, and gate valves will be used o monitor and
control the application process. The application process for each temporary point will be directly
monitored/controlled by experienced personnel. Unsupervised applications will not be performed,

A detailed schematic of the application set-up is included as Figure 15. The batch mixing unit wil
consist of two 2,500-gallon polyethylene containers and a centrifugal pump to transfer the
permanganate solution from the transport containers to the mixing vessels.

The following maps are attached for review:

Figure 1: Site Location Map — Portion of Greensboro Quadrangle USGS
Topographic Map

Figure 2: Site Map

Figure 3: Pilot Test Well Location Map

Figure 4: Site Topographic Map

Figure 5: Geologic Cross Section Location Map

Figure 6: Geologic Cross Section A-A’

Figure 7: Geoliogic Cross Section B-B'

Figure 8: Water Table Efevation Contour Map ~ 12/98

Figure 9: Surface Water Location Map- Portion of Greensboro Quadrangle USGS
Topographic Map

Figura 10: Total VOC Isoconcentration Map for Shallow Welis — 12/98 and 1/95

Figure 11: Total VOC Isoconcentration Map for Deep Wells — 12/98 and 1/99

Figure 12: Total VOC Isoconcentration Map for Shallow Wells Qverlain With
Proposed Treatment Zones

Figure 13: Temporary Application Point Layout — Zone |

Figure 14: Temporary Application Point Layout —~ Zones Il and I

Figure 15: Application Manifold Schematic

Figure 186: Subsurface Application Schematic

Part 1. This does not apply; the fluid source is not underground.

Part 2. The MSDS and Carus fact sheet for Sodium Permanganate are included in Attachment
F. The MSDS contains chemical, physical, biological and radiological characteristics of
the fiuid to be applied. Scdium permanganate is proposed to be applied as a 15%
solution in Zones | and !l and as a 3% solution in Zone 1.



PartR

04/30/99

As part of the Corrective Action at this site, obtaining the following permits and construction
approvals will be necessary:

Recovery/monitoring well permits

Corrective Action Plan (CAP) approval from NCDENR ~ WSRO and Guilford County
Department of Health. The CAP proposes in-situ oxidation via potassium permanganate
injection followed by the construction and operation of a dual-phase vacuum extraction and
treatment system.

Construction Permits (i.e. building, electrical, fire prevention) from the City of Greensboro —
associated with the groundwater extraction and treatment system.

An air discharge permit (from NCDENR) - associated with the groundwater treatment system.
NPDES Discharge Permit (issued by NCDENR) for disposal of treated groundwater. A dual
phase extraction and treatment system will be designed and installed based on the results of
the initial injection event.

Sears Logistics Services, Inc. (SLS) is the acting responsible party for the remediation/ciean up of
this site. SLS was the former property owner of one of the properties associated with this site. A
representative of SLS signed the permit application.

The current owners of the properties associated with the site are W. P. Ballard Company of
Greensboro, Inc. and Greensboro Distribution Group, LLC. Representatives from both ownership
groups signed the permit application.
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Tabie 1

Well Construction Summmary
W.P. Baliard and Downgradient Properties
Greensboro, North Carglina

Well Casing Well Total Cased Screened | Top of Casing
tdentification ; Diameter | Material Depth Interval Interval Elevation Notes
MW-1 2" PVC 35 0-25' 25-38 881.03
MW-2 2" PVC 35 0-25 25-35' 882.43
MW-3 2" PVC 35 0-25' 25.35' 883.1
MW-4 2 PVC 35 0-25" 25-38' 882.33
MW-5 2" PVC 35 C-25' 25-35 883.47
MW-6 2" VG 35' 0.25' 25-35' 884.33
MW-7 2" PVC 38 025 25-35' 882.59
MW-8 2" PVC 35 0-25' 25-35' £83.03
MW-9 2" PVC 35 0-25' 25-35' 880.43
MW-10 2" PVC 35 0-25' 25-35 8B2.42
MW-11 2" PVC 35 0-25' 25-35° 874.71
MW-12 2" PVC a8 0-25' 25-38' 862.15
MW-13 2 PVC 35 0-25 25-38' 863.77
MWW.14 2" PVC 35 0-25' 25-38' 884,26
MW-15 2" PVC 35 c-28' 25.35" B872.1 -
MW-16 " PVC 35 0-25' 25-35' NS Damaged during construction
MW-17 2" PVC 35 0-25 25-35' 861.43
MW-18 2" PVC 35 0-28' 25.35' 862.26
MW-19 2" PVC 35 0-25' 25-35' NS Destroyed during construction
MW.20 2" PVC 35' 0-25' 25-35' B866.15
MwW-21 2" PVC 35 0-25' 25.35' 866.12
MW-22 2 PVC kLS 0-25' 25-38' 861,83
MW.-23 2" PVC 35 0-25' 25-35" 861.15
Mw.24 2 PVC 35 0-25' 25.35' NS Destroyed dusing construction
MW-25 2" Ve 35 0-25 2535 NS Destroyed during construction
MW-26 2" PG 35' G-25' 25-3% NS Destroyed during construction
MW.27 2" PVC a5 0-25%' 25-38' B879.8
MW-28 1" PVC a5 0-25' 25-38' 881.23
LMP-1 2" PVC 35 0.25' 25-358' 8§73.5
LMP-2 2" PVC 35 0-28' 25-35' 871.41
DW-1 1" PV 65' 0-50'/ 0-55 56'-65' 882.31
Dw-2 2" PVC 65’ 0-50'/ 0-58° 55'-65' 881.12
DW-3 ” PVC 6& 0-60°/ 0-58' 55'-B5' B82.59
DW-4 2" PVC 85 0-50'/ §-58' 55'-85 883.69
Dw-5 2" PVC 63.8 0-45'/0-48.5' 48.5.63.5' 872.8
DW-§ re PVC 63.5' 0-45'/0-48.5" 48.5-63.5' NS Destroyed during construction
DW-7 2" PVC 63.5' 0-45"/ 0-48.5' 48.5-63.5° 862.17
Dw-8 2" PVC 83.5' 0-45°/ 0-48.5' 48.5-63.5° 851.44
DW-g 2" PVC 53 0-40'/ -4 43-53' NS
DW.10 2" PVC 58’ 0-40"/ 0-4% 43%58' NS Destroyed during construction
Dw-11 2" PVC 53 0-40° /1 0-43' 43-53' NS
Dw.12 2" PVC a7 0-40'/0-42' 4247 845.45
DMP-1 2" PVC 68’ 0-450-50' 50-60" 870.83
DMP-2 " PVC 60 0-45'/0-50" 50-60' 872,13
DMP-3 ar PVC 57 0-40'/0-47" 47-57 B862.18
DMP-4 2" PVC &4' 0-41Y0.49"' 49-64' 862.25
EW1 4 PVC 54 0-49 48-64 882.57 Filot Test Exiraction Weil
EW-2 4" PVC 25 0-5 5-25 892.56 Pilot Test Extraction Well
EW-3 4q" PVC 65 0-50 50-65 8B2.81 Pilot Test Exiraction Well
EW-4 4" PVC 25 0-5 5-25 882.54 Pilot Test Extraction Well
PT-18 1" PG 25 0-5 5-25 882.69
PT-28 1" PVC 22.2 0-2.2 2.2-222 882.95
PT-38 1" PVC 25 0-5 5.25 882.59
PT.-45 1" PVC 25 0-5 5-25 882.21
PT-55 i PVC 25 0-5 5-25 882.97
PT-1D " PVC 85 0-50 50-68 882.70
PT-20 2" PVC 65 0-50 50-65 882.85
PT-3D 2 PVC G5 0-50 50-85 882.66
PT-4D 2 PVC 65 0-50 50-65 882.41
PT-5D 2" PVC 65 0-50 50-65 882.96




Table 2

Groundwater Gauging and Water Table Elevation Summary

W.P. Ballard and Downgradient Properties

Greensboro, North Carolina

Weil Date Top of Casing Depth to Water Table
ldentification Elevation Water Elevation

MW.1 11/30/98 881.03 16.05 864.98
MW-2 11/30/98 8382.43 16.70 8656.73
MW-3 11/30/68 883.10 17.40 865.70
MW-4 11/30/88 882.33 17.50 864.83
M5 11/30/98 883,47 18.70 864,77
MW-6 11/30/98 884.33 18.75 865.58
MW.-7 11/30/98 882.59 16.90 B65.69
MW-8 11/30/98 883.03 17.66 865.37
MW-9 11/30/98 880.43 17.84 862.59
MW-10 11/30/98 882.42 22.60 859.82
MW-11 11/30/98 874.71 19.03 855.68
Mw-12 11/30/98 862.15 11.90 850.65
MW-13 11/30/98 863.77 7.31 856.46
MW-14 11/30/96 884.36 19.78 864.58
MW-15 11/30/98 B872.10 16,58 855.52
MW-17 11/30/98 861.43 6.45 854,98
MW-18 11/30/98 862.26 12.15 850.11
MW-20 11/30/98 866.15 22,55 843.60
MWw-21 11/30/98 866.12 29.44 836.68
MW.22 11/30/98 861.83 10.80 851.03
MW-23 11/30/98 861.15 24.10 837.05
MW-27 11/30/98 879.80 19.85 859.95
MW-28 11/30/98 881.23 19.40 BG1.83
LMP-1 01/21/99 873.50 12.83 B860.67
EMP-2 01/21/99 871.41 11.52 859.89
DW-1 11/30/68 882.31 17.10 865,21
DW-2 11/30/98 881.12 16.35 864.77
DW-3 11/30/98 882.59 18.30 864.29
Dw-4 11/30/98 883.69 18.87 864.82
DW-5 11/30/98 872.80 17.39 855.41
DW-7 11/30/98 862.17 9.91 852.26
DW-8 11/30/98 861.44 5,77 855.67
DW-9 11/30/98 NS 16.35 NS
DW-11 11/30/98 NS 2223 NG
Dw-12 11/30/98 84545 14,38 831.07
DMP-1 01/21/99 870.83 13.61 857.22
DMP-2 01/21/99 87213 11.85 860.28
DMP-3 01/21/99 862.18 8.00 854.18
DMP-4 01/21/99 862.25 7.11 855.14




Table 3

Summary of Soil Vapor Monitoring Results
W.P. Ballard and Downgradient Properties
Greensboro, North Carolina

Location SVMP-1 SVMP-2 SVMP-3 SVMP4
Data 1/20/99 1/27/9% 1/20/99 1/27/9% 1/20/99 1127199 1/20/99 1127199
Compound (mg/m®) {ma/m™ {mg/m®%) (mg/m®) (mgir™) (mgim® (mgfm® {rog/m®)
Bromaodichloromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Bromaoform <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
2-Chloroethylvinylether <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Dibromechicromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Dichiorodifluoromethane <0.5 <250 <(.5 <250 <{(.5 <250 <0.5 <250
{Trichiorofluoromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
[Vinyl Chloride <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Chloromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Bromomethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Chloroethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,1-Dichlorcethane <0.5 <250 <0.5 <250 <0.5 <250 . =05 <250
t-1,2-Dichlorcethene <0.5 <250 <0.5 <250 <0.8 <250 <0.5 <250
1.2-Dichloroprepane <0.5 <250 <0.5 <250 <0.8 <250 <0.5 <250
1,1,2-Trichlorcethane <0.% <250 <0.5 <250 22 <250 <{.5 <280
1,2-Dibromoethane <0.5 <250 <0.5 <250 <5 <250 <0.5 <250
Chigrobenzene <C.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
c-1,3-Dichloropropene <0.5 <250 <Q.5 <250 <0.5 <250 <0.5 <280
t-1,3-Dichloropropene <0.5 <250 <0.% <250 <G.5 <250 <Q.5 <250
1,1,2,2-Tetrachlorcethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,2-Dichigrobenzene <0.5 <250 <0.5 <250 <0.5 <250 <05 <250
1,3-Dichlorobenzene <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,4-Dichlorobenzene <0.5 <250 <0.5 <250 <05 <250 <0.5 <250
1,2,4-Trichiorobenzene =<0.5 <250 <0.5 <250 <0.5 <250 <0.8 <260
Methyiene Chioride <0.5 <250 <0.5 <250 <0.5 <2580 <0.5 <250
Chtoroform <0.5 <250 <0.5 <250 1.9 <250 <0.5 <250
Carbon tetrachloride <0.5 <250 <0.5 <250 <0.5 <250 =<0.5 <250
Tetrachioroethene 5,300 8.600 7,500 57,000 8,300 13,000 5,900 6,500
Trichioroethene 5.2 <250 7.8 <250 20 <280 24 <250
1,1,1-Trichicroethane <0.5 <260 <0.5 <260 <0.5 <250 <0.5 <250
1,2-Dichicroethane <0.5 <250 <0.5 <250 <0.5 <250 1.5 <250
c-1,2-Dichloroethene <05 <250 1.7 <250 4.1 <250 56 <250
1,1-Dichloroethene <0.5 <250 <0.5 <250 1 <280 0.58 <250
Sum of Detected EPA 601
Compounds 5,305,20 8,60G0,00 7,509.50 5§7,000.00 8,329.20 13,000.00 5,531.68 6,500.00
Modified Total VOC
Concentration* 531270 12,475.00 7,516.75 60,875.00 8,335.70 16,875.00 5,938.43 10,375.00
“Baseline Total VOC
Corcentration™ 8,893.85 34,195.88 12,605.35 8,156.72
Notes: Soil vapor analysis performed by EPA Method TO3 for the Method 601 cormpound fist.

Detected compounds shown in bold.
* The medified total VOC concentration was determined using the following equation:
TVOC=(Sum of detected compounds)+(Sum of non-detected compound PQLs*0.5)
** The Baseline Total VOC Concentration is the average of the two modified total VOC concentrations
detected during the initial baseline sampiing events.
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Table 3

Summary of Soil Vapor Monitoring Results
W.P. Ballard and Downgradient Properties

Greenshoro, North Carolina

Location SVMP-5 SVMP-6 SVMP-7 SVMP-8
Date 1/20/99 212189 1/20/99 1127/99 1/20/89 1427199 1/20/99 1727199

Compound {mgim®) (mgim’) (mgim®) (mgim®) (mg/m®) (mg/m’) (mgm (mg/m®)
Bromodichloromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Bromoform <0.5 <250 <0.5 <250 =0.5 <250 <0.5 <250
2-Chloroethyivinylether <0.5 <250 <0.5 <250 <0.5 <280 <05 <250
Dibromochloromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <7250
Dichiorodifflucromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Trichlorofluoromethane <0.5 <250 <Q.5 <250 <0.5 <250 <0.5 <250
[Vinyl Chleride <0.6 <250 <0.5 <250 <0.5 <250 <0.5 <250
Chloromethans <0.5 <250 <(.5 <250 <0.5 <25Q <0.5 <250
Bromomethane <05 <250 <0.5 <250 <05 <250 <0.5 <250
Chioroethane <05 <250 <0.5 <250 0.5 <250 <0.5 <250
1,1-Dichloroethane <0.5 <250 =0.5 <250 <0.5 <250 <0.5 <250
t-1,2-Dichigroethensa <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,2-Dichlorepropane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
4,1,2-Trichlorcethane 3.2 <250 <0.5 <250 2 <250 0.5 <250
1,2-Dibromoethane <05 <250 <0.§ <250 <0.5 <250 <0.5 <250
Chlorobenzene <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
c-1,3-Dichioropropene <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
t-1,3-Dichioropropene <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,1.2,2-Tetrachloroethane <05 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,2-Dichlorobenzeang <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
1,3-Dichlorobenzene <0.5 <250 <05 <250 <0.5 <250 <0.5 <250
1.4-Dichlorobenzene <0.5 <250 <05 <250 <0.5 <250 <0.5 <250
1.2.4-Trichlorobenzene <0.5 <280 <0.5 <250 <0.5 <250 <0.5 <250
Methyiene Chicride <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Chigroform 2.8 <250 24 <250 3 <250 <0.5 <250
Carbon tetrachloride <0.5 <250 0.5 <250 0.77 <250 <0.5 <250
Tetrachioroethene 8,600 48,000 8,700 <250 12,000 35,000 8,600 5,600
Trichioroethene 23 <250 22 17,000 37 <250 2 <250
1,1,1-Trichloroethane <0.8 <250 <0.5 <250 <0.5 <250 =05 <250
1,2-Dichlorcethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
c-1,2-Dichloroethene 5.6 <250 4.8 <250 14 <250 0.65 <250
1,1-Dichloroethene 1.5 <250 1.6 <250 2.2 <250 <0.5 <250
Sum of Detected EPA 601
Compounds 8,6356.20 48,000.00 8,731.00 17,0600.00 12,058.97 35,060.00 8,603.05 5,600.00
Modified Total VOC
Concentration™ 8,642.70 51,875.00 B8,737.50 20,875.00 12,065,22 38,875.00 6,610.30 9,475.00
Baseline Tofal VOC
Concentration™ 30,258.85 14,806.25 2547011 8,042.65

Notes: Soil vapoer analysis performed by EPA Method TO3 for the Method 601 compound list.

Detected compounds shown in bold.

* The modified total VOC concentration was determined using the following equation:
TVOC=(Sum of detected compounds)+(Sum of non-detected compound PQLs*0.5)

** The Baseline Totai VOC Concentration is the average of the two modified total VOG concentrations

detected during the initial baseline sampling events.
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Table 3

Summary of Soil Vapor Monitoring Resuits
W.P. Batlard and Downgradient Properties

Greensboro, North Carolina

Location SVMP-9 SVMP-10 SVMP-11 SVMP-12
Date 1/20/89 1127199 1/20/59 127199 1/20/59 1/27/99 H20/59 1127199

Compound mgimY) | (mgim®) (mgirm®) (mg/r’) (mgim®) (mgim® | (mgim?) {mg/m*
Bromodichloromethane <0.% <250 <0.5 <250 <0.5 <250 <(.5 <250
Bromoform <0.5 <250 <0.5 <250 <0.5 =250 <05 =250
2-Chloroethylvinylether <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Dibromochioromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Dichiorodiftuoromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Trichloroflucromethane <0.5 <2580 <0.% <250 <0Q.5 <280 <0.5 <250
[Vinyl Chloride <0.5 <280 <0.5 <250 <0.5 <250 <0.5 <250
Chioromethane <0.5 <250 <0.5 <250 <0.5 <250 <0.§ <250
Bromomethane <0.5 <250 =0.5 <250 <0,5 <250 <0.5 <250
Chloroethane =0.5 <250 <0.5 <250 =0.5 <250 <0.5 <250
1,1-Dichloroethane <0.5 <250 <0.5 <250 <0.5 =250 =<0.8 <280
t-1,2-Dichiorcethene <0.5 <250 <0.5 <2580 <0.5 <250 <0.5 <250
1,2-Dichioropropane <0.5 <250 <0.5 <250 <0.5 =250 <0.5 <250
1,1,2-Trichioroethane <0.5 <250 <0.5 <250 1.5 <250 4 <250
1,2-Dibromoethane <0.5 <280 <Q.5 <250 <0.5 <2580 <0.5 <250
Chlorobenzene <0Q.5 <250 <Q.5 <250 <0.5 <250 <0.5 <250
c-1,3-Dichipropropene <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <260
{-1,3-Dichiorepropene <0.5 <250 <05 <250 <0.5 <250 <0.5 <250
1.1.2,2-Tetrachloroethane <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <260
1,2-Dichiorobenzene <0.5 <250 <0.5 <250 <05 <250 <0.5 <250
1,3-Dighlorckenzene <0.5 =250 <0.5 <250 <0.5 <250 <05 <250
1,4-Dichlorobenzene <0.5 <250 <0.5 <250 <0.5 <250 <3.5 <250
1,2,4-Trichlerobenzene <Q.1 <250 <0.5 <250 <0.5 <250 <G5 <250
Methylene Chioride <0.5 <250 <0.5 <250 <0.5 <250 <0.5 <250
Chloroform <0.5 <250 <0.5 <250 <0.5 <250 1.5 <250
Carbon tetrachloride <0.5 <250 <0.5 <250 1.1 <250 1.3 <250
Tetrachioroethene 6,400 §.500 5,900 11,000 11,000 55,000 12,300 43,000
Trichloroethene 61 <250 200 <250 120 <250 80 <250
1,1, 1-Trichloroethane <0.5 <250 <0.5 <250 2.5 <280 1.1 <260
1,2-Dichioroethane 1.2 =250 <0.5 <250 =0.5 <250 <0.5 <250
c-1,2-Dichloroethene 100 <250 620 <250 300 <250 130 <250
1,1-Dichloroethene =<0.5 <280 <0.5 <250 <05 <250 57 <250
Sum of Detected £PA 601
Compounds 5,562.20 5,500.00 6,720,060 11,000.00 11,425.20 55,000.00 12,223,680 43,000.00
IMadified Totat VOC
Concentration* 6,569.00 9,375.00 8,727.25 14,875.00 11,431.70 58,875.00 12,229.60 46,875.00
Baseline Total VOC
Concentration™ 7,972.00 10,801.13 35.153.35 29,552.30

Notes:

Soil vapor anaiysis performed by EPA Method TO3 for the Method 801 compound list.

Detected compounds shown in bold.

* The modified {otal VOC concentration was determined using the foilowing equation:
TVOC=(Sum of detected compounds)+(Sum of non-detected compound PQLs*0.5)

** The Baseline Totat VOC Concentration is the average of the two medified total VOC concentrations

detected during the inifial baseline sampling events.
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Table 4

Summary of Groundwater Sampiing Field Parameters
W.P. Ballard and Downgradient Properties

Greensboro, North Carolina

Well Specific Dissolved Oxidation
Identification Date pH Conductivity Oxygen Temperaturel  Reduction Potential
(uS) {mg/L) C) (mV)
MW-1 12/2/98 5.01 51 20 19.0 117
MwW-2 12/2/98 5.70 150 30 17.7 72
MW.-3 12/2/98 4,90 35 4.6 18.0 119
MW-4 12/2/98 5.50 95 2.1 19.0 88
MW-5 12/2/98 5.40 19 59 18.0 88
MW-6 12/2/98 5.50 31 4.9 18.0 85
MwW-7 12/2/98 560 56 20 19.1 81
MW-8 12/2/98 4.80 37 1.8 19.8 126
MW-g 12/2/98 573 60 4.1 20.0 76
MW-10 12/2/98 5.70 17 5.5 18.0 : 66
MW-11 12/2/98 6.30 47 4.1 18.6 45
MW-12 1212198 5.80 164 39 19.0 68
MW-13 1/21/99 710 420 NS 15.4 83
MW-14 1/21/99 7,70 280 NS 15.2 70
MW-15 12/2/98 5.60 57 4.0 19.0 78
MW-17 12/2/98 6.10 79 58 19.0 26
MW-18 12/2/98 6.01 82 38 18.3 60
MW-20 1/21/99 6.30 154 NS 17.6 126
MW-21 12/2/88 6.10 63 53 17.0 50
MW.22 12/2/08 6.66 100 5.5 16.1 18
MW-23 12/2/98 6.20 598 1.6 16.9 43
MW.27 12/2/98 4,70 235 25 200 130
MW-28 12/2/98 4.80 25 21 20.0 125
EMP-1 1/21/99 6.80 318 NS 19.3 129
LMP-2 1/21/39 8.70 79 NS 18.7 128
Dw-1 12/2/98 6.20 178 1.7 17.4 47
Dw-2 12/2/98 5.50 83 45 18.0 88
DW-3 12/2/98 5.50 81 5.0 18.0 93
DW-4 12/2/98 5.60 57 4.4 20.0 80
bw-5 12/2/98 6.10 114 3.4 20.0 47
DwW-7 12/2/98 8.80 172 33 210 27
DwW-8 12/2/98 6.50 84 46 18.6 29
DW-g 12/2/98 7.00 170 0.9 17.9 21
PW-11 12/2/98 8.30 138 4.6 16.4 -84
DW-12 12/2/98 7.34 110 . 43 19.0 -41
DMP-1 1/21/99 5.80 643 NS 18.0 127
DMP-2 121199 7.60 187 NS 7.8 107
DMP-3 1/21/9% 7.10 151 NS 16.3 86
DMP-4 1/21/69 7.10 152 NS 15.8 88




Table &

Summary of Shallow Groundwater Analytical Data
W.P. Ballard an¢ Downgradient Propesties

Greensboro, North Carolina

Sampte Location: MW-1 MW-2 MW-3 w4
Sample Date:| 5/28/02 A | 722184 A TOTII/08 A 12102768 B| £r20/82 A | 7722164 A | 07712708 A | 12/05/98 B] 5129702 | BI25/G3 A | 7722004 A TIOR3 A 1 0TM0BE B 120288 B 210 R | w2602 A [ OT0BE A T0/56 8 | 1272580
Analysis Methgd: Efa 801 EPA BO1 EPA 801 EPA 801 EPABO EPA 601 EPA B0t | EPABDY EPASOY EPABDT EPA 601 EPA 801 EPA 801 EPA B3 EPA 801 EPABOT EPA BO1 EPA S01 £PA 801
Analyle NCAC 2L
Melhylena Chlcride (ug/L) 5.0 <1000 <300 <1200 <50G 349 <100 <250 <500 <1G,004 5,000 <1000 25,000 <25.000 <500 <2,500 =<2.000 <12.000 <2,500 <500
IChiorolonm {ugiL) 0189 <1000 <300 <255 <106 <200 <100 <50 <100 <10.008 <5000 <1000 <5000 <5,000 <100 <500 <2,000 <2,560 <2,500 <130
Chloromathana (ugh) nona <1,500 <300 <250 <100 <200 <100 <50 <100 <10,000 <5000 <3000 «5,000 <85,000 <300 <500 <2800 2,50 <2500 <100
Carbon Tetrachlonde {ug/t} 03 <1800 <100 <250 <100 <200 <3100 <50 <100 <10,000 5,000 <3000 <5,000 <5,000 <00 <500 <2000 <2500 <2.500 <100
1,1-Dichlorosthane [ug/L) 700 <1000 <100 <250 <100 <200 <300 <h0 <100 <10,000 <5,000 <1009 <5,000 <5,000 <t00 <500 <2000 <2,500 <2500 <100
1.2-Dichlomethane {ug/l) 38 <1000 <100 <250 <100 <200 <100 <53 <100 <10,000 <5,000 <1000 <5,000 <5,000 <100 <500 <2,000 <2500 <2500 <100
1.1-Dichicrosthane {ug/L) none <5,000 <100 <250 <100 <200 <100 <50 <00 <10,000 <5,000 2,300 <%.000 <5,000 <100 <500 <2000 <2500 <2500 <100
cis-1,2-Dichiorcathens {ug/l) 70 NA NA NA <100 NA NA NA <100 NA NA NA NA NA 310 <500 NA NA Na <100
rana-1,2-Dichloroethene (ug/t) 70 NA NA NA <100 NA NA NA <100 NA NA NA NA NA <100 <500 NA NA NA <100
1.2-Dichioropropane (ug/L) 0.58 <3,000 <100 <250 <100 <200 <100 <50 <iD0 <10,000 <5000 <1000 <5000 <5000 <100 <500 2,000 <2,500 <2,500 <100
Trchlarpethena (ugfl) 2.8 <%.000 <100 <250 <100 <200 <100 <50 <300 <10,800 <5,000 <1000 <5,0600 <5800 21¢ <500 <2,060 <2500 <2.506 <100
Totachioroathena {up/l} 0.7 33,000 8,000 18,000 12,600 11,000 5,500 4,100 5,080 270,000 | 250,000 { 10,600 | 200,000 | 200,000 | 152,000 94,000 55,000 39,000 38,000 17,008
1.1,1-Trichloroethane (ugil) 200 <4,000 <100 <250 <100 <200 <180 <50 <100 <10,000 <5,000 <1008 <5,000 <5,000 <190 <500 <2,000 <2,500 <2,500 <100
1,1.2-Trichloroglhane (ug/L) none <1000 <100 <250 <100 <260 <100 <50 <100 <10.000 <5,000 <1500 <5,000 <5000 <140 <500 <2,000 =2.500 <2 500 <il)
Samplo {.ocation: MW-5 MW-E MW-7 HMw-8
Sarnple Date:| SRZMO2 A | 72284 A | 12206 A 1120298 B 5/20/02 A | Tr1/96A 1200288 B} 1Mra’A™ | 1224 A | THUDB A | 120508 B] 1S3 A | 0T84 A T 1706 A 1202798 B
Analysis Method:| EPA 607 | EPABOT | EPASBO1 | EPABDT | EPAGDY | EPAGDT § EPABOT | EPASD] | EPABOT | EPABDT | EPABDY | EPABOY | EPABDY | EPABDY EPA 801
Analyte NCAC 2L
Methylane Chionde {ug/) 50 <200 <100 <500 <50 <10 <5 <5.0 6.5 <1 <5 <54 78 <1 <5 <5.0
Chloroform (ug/t) 0.18 <200 <100 <100 <1.0 <10 <1 <10 <1 1.4 <1 <10 < <1 <1 <i0
Chicromethans (ug/t) nona <200 <100 <300 <0 <10 <1 <1.0 <1 <1 <1 <1G <% <1 <1 <t.Q
(Carbon Telrachloride (ug/t) 0.2 <200 <100 <ipd <30 <10 <1 <0 <1 <1 <1 <190 <3 <1 <1 <1.0
1,1-Dichlorosthans {uglL) 700 <200 <100 <100 <t.0 <10 <1 1 12 38 18 23 <} <1 <1 <1.0
1.2-Dichiorosthane (ug/l) 38 <200 <100 <300 «<1.0 <10 <1 <t0 <1 <1 <1 <10 <3 <1 <1 <i.0
1,1-Dichioroelhane (ug/L) none <0G <100 <109 6.8 54 89 203 <1 59 1.8 <14 <% <1 <1 <10
cis-1,2-Dichioroathens {ug/l) 70 NA NA NA 15 NA NA 1.8 NA NA NA <10 NA, NA Ha <10
trans-1,2-Dichiorcethena (ug/} 70 NA NA NA <10 NA NA 18 NA HA NA <148 NA ~ NA NA <t
1,2-Dichioropropans {ug/L) 0.56 <200 <100 <300 <1.0 <10 <1 <1.0 <1 <3 <1 <1.0 <% <% <4 <10
Trichlorpathens (ugil) 28 <200 <100 <500 12 <10 <1 <i.0 <1 <1 <3 <10 <3 <1 <1 <1.0
Telrachiorogthana [ug/L) 0.7 9,500 §,100 6,300 3,200 1 28 &6 14 2.4 13 <10 4.5 3.9 286 4.2
1,1,1-Trchloroathane {ugi) 200 <200 <100 <100 <1.0 18 16 19 4.4 8 34 <10 <3 <1 <1 <1.0
1,1,2-Tachloroethane {ugit) none <200 <100 <300 <1.0 <i0 2.8 2.8 <] <1 <1 <10 <% <% <1 <1.0
Notes: Compounds detecied above the North Carollna 2L Standard are shown in boid.
A - indicates samples collected by Mortensen Enginesring, Inc.
B - Indlcatas samples collected by Fiuor Daniel GTI, inc.
NA denotes compound not analyzed
NS denoles well rot sampled
Monitoring wells MW-16, MW-19, MW-24, MW-25 and MW-26 were destroyed during site construction activitles.
¢
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Table §

Groundwater Analytical Resuits lor Shallow Groundwater Monltoring Wells
W.P. Ballard and Downgradient Properlies

Greensboro, Norlh Carolina

Sampla Localion: W9 HW-10 Mw-11 MW-12
Sample Date ] 1/8/63A | RIBAAT] TRGBA TRBEB [102R8 B} 1RH/B3 A | e25M3A | 7T/21B4A [ O7/50/M8 A 7/10/06 B | 12/02/08 B G/IZ5/83 A ] TG A 7/0/86 B 12.’32.‘93? Q2503 A 706 A /B8 R | 120286 B
Analysis Mul_h':d. EfA 801 EPA BO1 EPA 801 EPA 801 EPA 801 } £PA 801 £PA 801 EPA 607 | EPA 801 EFA 601 EPA 801 EPA 81 EPA 801 £Pa 601 £PA 801 EPA 801 EPA 801 EPA 801 EPA B
Analyte NCAC 2L
Methylene Chianide {ugil) 50 8.5 <1 <5 <} «<5.0 <250 <100 <100 <2500 <250 <50 <1 <5 24 <5.0 <1 <25 44 <50
Chloreform {ug/L) 0.19 <1 <1 <1 <1 <1.¢ <250 <108 <300 <500 <250 <10 <1 <1 <1 <1.0 <1 <5 <% <10
Chioremethans (ug/L) none <1 <1 <1 <t <1.0 <250 <100 <100 <500 <250 <10 <1 < <1 <1.0 <1 <5 <i <10
Carbon Tetrachloride {ug/L) 03 <1 <1 <1 <f <1.0 <250 <100 <100 <500 <250 <10 <1 <1 <1 <1.0 <1 <5 <1 <1.0
1.1-Dichioroathane (ug/l) TG0 <1 <f <1 <t <1.0 <250 <100 <10Q <503 <250 <t0 <1 <1 <1 <1.¢ <1 <5 <1 <1.0
1.2-Bichorosthane (ug/l) 38 <1 <1 <1 <1 <1.0 <250 <100 <{00 <500 <250 <i.0 <1 <1 <1 «<1.G <% <5 <1 <1.0
1.1-Dichiorosthene {ug/L) none <1 < <1 <1 <1.0 <230 <100 <100 <500 <280 <1.0 <1 <3 <1 <14 <1 <5 <1 <10
cis-1,2-Dichforosthene {ugiL) 70 NA NA N NA <18 NA NA HNa NA NA 58 NA NA NA <10 NA NA NA <1.0
ans-1,2-Dichlercathena (ug/t) 70 NA NA NA NA <10 NA NA NA NA NA <16 NA NA NA <14 NA NA A <10
1.2-Richloropropana (ug/l) 058 <1 <3 <1 <1 <10 <250 <100 <108 <500 <250 <.t <1 =<1 <1 <10 <1 <5 54 209
Trchlcroathenea (ug/L) 28 <1 <1 <1 <1 <10 <250 <100 <100 <500 <250 1 <3 <1 <1 <10 <1 <5 1z 2.4
Tetrachlerosthene (up/i) 07 4 .7 4.3 kK- .1 13,000 7,200 12,000 12,000 11,000 12,0600 <t <1 <1 <1.0 <1 10 1 21
1.1, 1-Tachlorosthane {ug/L) 200 <1 <% <1 <1 <10 250 <100 <100 <500 <250 <19 <} <i <i <1.0 <1 <5 <3 <10
1.1,2-Tachioroethane (ug/l) nong <1 <1 <1 <1 <10 <250 <100 <100 <500 <250 11 <1 <1 <1 <1.0 <1 <5 <1 «G
Sample Locaton WW-13 MW-14 MW-15 WW-18 MW-17
Sample Cate:f 6R5/53A | 7/9/96 A 73988 | 121/BBB | GRSAIA | TINSA | 7/S/mEB | 1721/89B | BB A | 7/1C/A6E | 120298 B THMDSA | TAAWOSB § 7/0A8 A | 7000 B | 10/07/98 B| 120200 &
Analysis Method:] EPA 801 EPA 801 EPA 801 EPA 801 EPA 801 EPA 601 EPA 801 EPA 601 EPA B80T | EPASD1 EFA 601 EPA 801 EPA 80 EPA 801 EPA 801 EPA 601 EPA 801
Analyte NCAC 20
Methylena Chioride {ug/L) 5.0 <1 <5 15 <5 <} <5 <1 <5 25 <1 <5.0 ] 14 <250 <50 <10 <50
Chioroferm {ugil) Q.19 <1 <1 <1 <% <3 <t <1 <1 28 7 24 <1 <% <50 <50 3 <1.0
Chloromathane (ug/L) nene <% <1 <t <% <3 <% <1 <1 <5 <1 <10 <} <1 <50 <50 <10 <1.0
Carbon Telrachionide (ug/L) o3 <} <t <1 <% <} <} <] <t 29 24 13 <1 <1 <50 <50 140 (X ]
1,1-Oichiorosthene (ug/d) 700 <1 <1 <1 <t <% <1 <1 <1 <5 <1 <10 <1 <t <50 <50 <10 <1.0
1,2-Dichloroathane (ugl} 38 <t <1 <1 <1 <% <i <1 <1 <§ <1 <30 <1 <t <80 <50 <10 <1.0
1.1-Dichlorosthena (up/L) none <1 <1 <1 <} EH <1 <1 <1 <5 <t <ip <1 <1 <50 <50 <10 <10
cis-1,2-Dichiorosthens {ug/l) 70 NA NA NA <t NA NA NA <1 NA NA 1B Na b ANA NA NA NA 58
Irans-1,2-Dichiorcathens {ug/t) 70 NA HA NA <1 NA NA NA <1 NA NA <1.0 NA NA NA NA NA <1.0
1.2-Dichloropropane (ug/t) 0.58 <1 <1 <1 <t < <1 <1 <1 <5 <3 <1.0 <1 <1 <58 <50 <10 <1.0
Trichicroathene {ug/i} 28 <% <1 <1 <1 <1 <1 <1 <1 130 85 221 <1 <% 780 620 120 430
Tetrachiorosthene (ug/L) o7 <% H <1 <t <1 <1 <1 <1 42 a3 3z <1 <t 5,200 5,200 <] 2,890
1,1,1-Trichloroathane (ug/L} 200 <1 <1 <1 <i <1 <1 <1 <1 <5 <1 <i.0 <1 <1 =50 <50 <10 <10
1.1.2-Trichleroathane (ugi} nong <%t <1 <1 <1 <1 <i <i <1 <5 <1 <10 <1 <1 <50 <50 <10 <1.G
Notes: Compounds delected above the North Carolina 21 Stendard ara shown in bald,
A - indicates samples collected by Mortensen Engineering, inc.
8 - indicates samples collected by Fluor Danisl GT), inc.
NA denctes compound not analyzed
NS denctes weli not sampled
Monitoring welis MW-16, MW-192, MW-24, MW-25 and MW-26 were destroyed during site construction activities.
"
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Tahle

Groundwater Analytical Resuits for Shaliow Groundwater Monitoring Wells
W.P. Ballard and Downgradient Properties

Groensbore, Nerth Carolina

Sample Location: MW-18 HW-18 #W-20 Mw-21 MW-22
Sample Date:]| 10/7/98A | 1VGTRE B[ 1202/MB B 10//98 A | 10/7/96 B | 10/1/0B A | 9017788 8 | 1200766 B 042199 8] 10786 A | 10/7/06 B [ 120288 B 10708 A | 10/7/8 6 | 120298 B
Analysis Method:] EPA 801 EPA 801 EPA 601 § £PA 801 EPAGO1 EPA BOt EPABOY EPA 641 EPA B0t | EPABD EFAS01 EPA 801 EPA 601 EPABOT EPA 801
Anaiyte NCAEE:L_

Mathylane Chlonde {ug/L} 5.0 <250 <100 <5.G <25 <1 <25 <1 <5 <5 <25 <i <5.0 <120 <1 <50
Chloroform {ug/L) 0.19 <50 <18 <14 <050 <0.18 <0.50 <0.1% <i <t <0.50 <016 <10 <25 <0.18 <10
Chiloromethana (ug/L) noneg <50 <20 <18 <0.5¢ <2 <050 <2 < <1 <0.50 <2 <10 <25 <2 <1.0
Carbon Tetrachloride {ugiL) 0.3 =50 <30 <18 <0.50 <030 <Q.50 <0.30 <% <1 <0.50 <0.30 <10 <25 <030 <10
1,1-Dichioroethans {ug/L) 700 <50 <104 <1d <0.50 < «<0.50 <1 <1 <1 <0.50 <1 <1.0 <25 <1 <10
1.2-Dichiorosthane {ug/L) 38 <50 <100 <10 <0.50 < <0.50 <4 <t <1 <0.50 <1 <10 <25 <1 <1.0
1,1-Dichioroatheng {ug/L) none <50 <00 <10 <050 <] <0.50 <1 <1 <1 <0.50 =<1 <%0 <5 <1 <10
cis-1,2-Dichlorcathene {ug/L) 70 NA NA 18 N& NA NA NA <t <1 NA NA 18 NA NA 314
trans-1,2-Dichloreethena (ug/l) 7 NA NA <1.0 NA N& NA NA <1 <1 NA NA <i0 HA NA <10
1,2-Dickloropropane (ug/L) 0.56 <50 <20 «<1.0 <0.50 <0.20 <050 <Q.20 <1 =3 <3.50 <0.20 <10 <25 2.8 <1.0
Trichloroathene {ug/l) 2.8 440 380 650 <0.50 <} <0.50 <3 <1 <1 11 <3 38 82 53 1o
Tetrachiorosthans {ug/l) 87 AL 1,600 2,100 <050 <0.70 <0.50 =0.70 <1 <1 #5 7.7 310 1500 910 1,24G
1.1.1-Tachloreethans (ugit) 200 <5 <180 <ty <0.50 <1 <@.50 <1 <1 <i <0.50 <i <1.0 <25 <1 <10
1.1.2-Trichlorcethane (ug/L) neng <50 <180 <1.0 <0.50 <1 <0.50 <1 <1 <3 <0.50 <1 1.6 <25 <1 <14

Sample Location: MW-23 MW-24 MW-25 MW-26 HMW-27 MW-28 LMP-1 LMP-2

Sampls Date:} /786 AT 107686 [ 1220288 B] 10766 A | 16777086 3 10/7/06A | 101G E | 10/7788 A | 10/7/96 8 |926/87 B | 12208 B {eel7 8 | 125658 |02 86 6 0121598
Analysis Method:}  EPA 801 EPARQ1 EPA 831 EPA 601 EPABO1 £PA 801 EPABO EPA 801 EPAGCT JEFA 61 EPA 801 jEPA BT EFA 801 EFA 601 EPA 601
Anziyte NCAC 2L
Malhylena Chlonde {ug/L) 5.0 2.3 6.5 <5.0 <.05 <t 2.5 <1 <25 <1 <200 <50 <200 <5.0 <5.0 <50
Chloroform (ugil) o189 4.7 38 «<1.0 <0.50 <0.19 <050 <018 0.97 048 <200 <1.0 <200 <10 <1.0 <1.0
Chlcremethane {uQil) none <0.50 <Z <30 (.50 <2 <0.5¢ <2 <0.50 <2 <200 <10 <200 <10 <1.¢ <10
Carbon Telrachlonide (ug/L) ¢3 <0.50 <{0.30 <1.0 <0.50 <0.30 <050 <0.30 <0.50 <030 <200 <1.0 <200 <10 <10 <1.0
1.3-Bichicrosthana (ug/L) 700 <0.50 <1 <10 <0.50 <1 <0.50 <1 <0.50 <1 <200 <10 <200 <10 <1.0 <10
1,2-Bichiorogthana (ug/l) 38 <050 <i <1.0 <0.50 <i <0.50 <1 <0.50 <1 <200 <10 <200 <10 <1.0 <t.0
1,1-Dichloroethene (ug/l) acne <050 <3 <10 <0.50 <1 Q.50 <3 <0.50 <1 <200 <1.0 <200 <1.0 <10 <1.0
c15-1,2-Dichloroelhens {ug/t} ¥is] NA WA <10 NA NA NA NA NA NA 12,000 £,300 280 1,178 47.8 10¢
trans-1,2-Dichiorosthena (ugil) 70 NA NA <1.0 NA NA NA HA NA NA <200 13 <200 3 1.4 <1.0
1.2-Dichloropropana (ugil) 0.58 <0.50 <020 «<1.0 <0.50 <020 <0.50 <020 <055 <(.20 <200 <t.0 <260 <L.0 1370 238
Trichicroethena {ug/L} 28 <0.50 <1 <i.0 <0.50 <1 <0.50 <1 <0.50 <1 64,000 8,340 180 800 <i.0 <1.0
Talrachiorcathans {ug/h) 0.7 <0150 <0.70 <10 <0.50 <0.7¢ <{.50 <0.70 <0,50 Q.70 <200 <1.0 <280 70 182 254
1,1,1-Trichicrosthuna (ug/L} 200 <0.5¢ <1 <1.G <0.5G <1 <{.50 <1 <0.50 <1 <200 <1.0 <200 <t <i.0 <10
1,1,2-Trichlaroathana {ugih} naone <0.50 <1 <10 <0.5¢ <1 <Q.50 <1 =0.50 <1 <200 <1Q <200 <1.0 <10 <1.0
<1.0 <1.0

Notes:

Compounds detecled above the North Carolina 2L Standard are shown I bold.
A - indicates samples collected by Mortensen Engineering, Inc.
B - indicates samplas collected by Fluor Daniei GTi, Inc.

NA denotes compound not anatyzed
NS denotes well not sampled
Monitoring welis MW-16, MW-18, MW-24, MW-25 and MW-26 were destroyed during site constructlon activities.
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Table 6

Summary of Deep Groundwater Analytical Data
W.P. Ballard and Downgradient Propenrties
Greensboro, Norh Carclina

Sample Location; DW-1 ow-2 ow-3 Dw4 DW-5
Sample Date:} TI22/S4A [ TH2/96 A | 12i2i98 B | 722104 A TIUGG A | 12021988 | 72048 | THOESA | THOSSR 122888 | T22e4A | THISA | 12re88 | 7156 A THEIE B 12/2/98 B
Anaiysis Method:} EPA B EPAGSD1 EPABD1 EPABOT EPABD EPA 61 EPAED1 EPA 601 EPA 601 EPAGD1 EPA 601 EPA 601 EPA 601 £PA 601 EPABD1 EPA B0
Analyte NCAC 2L
Methylane Chioride {ug/L) 50 1.2 14 <50 <1.0 <12 <5.0 <100 <12,000 <1,600 50 <100 <1,200 <5.0 <5 <10 <80
Chiorotorm {ugfL} B.19 &1 <10 <1.0 3.2 <25 <1.0 <100 <2500 <1,600 4 <100 <250 <10 20 31 20
Chioromethane (ugfL) nong <1.0 <10 <1.0 <1.G <25 <10 <100 <2500 <2,000 <1.0 <100 <250 <1.0 <10 <10 <1.¢
Carbon Tetrachloride (ug/L) 0.3 <1.0 <1.0 <1.0 <1.¢ <2.5 <1.0 <100 <2.500 1,000 <1.0 <100 <250 <1.0 100 140 27
1.1-Dichioroethane (ugfl) 700 <0 <1.0 <1.0 <1.0 <25 <1.0 <100 <2.500 <1,000 <1.0 <300 <250 <1.0 <10 <i0 <1.0
1.2-Dichlcrosthane (ugft) 38 <1.0 <1.0 <1.0 <1.0 <25 <1.0 <100 <2,500 <1,000 <1.0 <100 <250 <10 2.7 <10 <1.0
1,1-Dichlorosthens fugfl.) nong 16 4.6 <1.0 23 <25 <1.0 <100 <2,500 <1,000 3 <100 <250 <10 <1.0 <10 <1.0
cis-1,2-Dichloroethens (ugft) 70 NA NA 28.2 NA NA <1.0 NA NA NA 24.5 NA NA 877 NA NA 4
trans-1,2-Dichlorosthense (ug/L) 70 NA NA <1.0 NA NA <10 NA NA NA 1.4 NA NA <1.0 NA NA <1.0
1.2-Dichioropropane (uaiL) 058 <10 <1.0 <10 <i.0 <2.5 <10 <100 <2 500 <1,000 1.0 <100 <250 <1.0 <10 <0 <10
Trichloroethene (ugil.) 2.8 <1.0 3 521 <i.0 <25 i <160 <2,500 <1.000 56.1 <100 <250 64.4 94 120 K
Tetrachioroethene {ugfi) 07 31 59 182 &5 110 126 49,000 82,000 60,600 66,000 10,0600 16,600 8,600 19 28 54
1.1, 1-Trichlorcethare (ug/L} 200 1.4 438 3 4.4 56 <10 <109 <2,500 <%,000 <1.0 <100 <250 <1.0 <1.G <1¢ <1.0
1,1.2-Trichlorosthane {ug/L) fone <1.G <1.g <10 <1.0 <25 <i.0 <100 <2500 <1,000 21.1 <100 <250 <1.0 <1.0 <16 <1.G
Sample Location: DW-6 DwW-7 DW-8 ow.g
Semple Date:] 7115196 A | 71151968 | 71596 A | 7115668 | 122988 | 7/i5/06 A | 7115/56 8 12/2/98 8 | 7696 A | TI5/86 B | 10/6/96 A | 10/6/96B | 1272198 B
Analysis Methed:| EPA 601 EPA 601 EPAGC1 EPA B0 EPABG1 EPA 601 EPA 01 EPA G01 EPA GG EPA B EPA 601 EPA 01 EPA 601
Analyte NCAC 2L
Methylens Chioride (ugiL) 50 <5 <1.0 <25 <1.0 <50 <500 <100 <50 <5 <1.0 5.3 6 <5.0
Chioroform {ug/L} 0.18 1.5 28 <5 2.9 <1.0 <300 <100 <1.0 34 4.8 1.5 1.2 <1.0
Chloromethane {ug/L} none <1.0 <2.0 <5 <2.0 <10 <100 <200 <1.¢ <10 <2.0 <{.50 <20 <t.0
Carbon Tetrachloride (ugrl) o3 <1.0 <1.0 <5 <1.0 <10 <1G0 <100 <1.0 <10 <1.0 <0.50 <(.30 <10
1,1-Dichlorosthane (ugfL) 70O <10 <10 <5 <10 <1.0 <iC0 <100 <1.0 <1.0 <1.0 <0.50 <1.0 <1.0
1,2-Dichleroathane {ug/L) 38 <1.0 <1.0 <5 <1.0 <1.0 <100 <100 <10 <1.0 <1.0 <0.50 <1.0 <1.0
1,1-Dichioroslnens {ug/l ) none <10 <1.0 <5 <10 <10 <100 <100 <1.0 <10 <1.0 <0.50 <1.0 <1.0
cis-1,2-Dichloroeinene {ugil) 70 NA NA NA NA <1.0 NA NA 280 NA NA NA NA <1.G
trans-1,2-Dichtorosthene (ugfl) 70 NA NA NA NA <1.0 NA NA <1.0 NA MA NA NA <1.0
1.2-Dichloropropane (ugh.) Q.56 <10 <1.0 <5 21 <1.0 <100 <100 <10 <1.0 <1.0 <0.50 <0.20 <1.0
Trichloresthene (ugfl) 28 <10 <1.0 <5 1.0 14 630 440 380 <1.0 <1.0 <0.50 <1.0 <1.0
Telrachloroethene (ugfl.} 2.7 1.1 1.6 230 180 205 3,700 2,500 4,620 <1.0 34 <0.5¢ <070 <10
1,1,1-Trichioroethane {ugfL) 200 <1.0 <1.0 <5 <1.G <1.0 <100 <100 <1.0 <50 <1.0 <0.50 <10 <1.0
1,1,2-Trichicroethane (ugft) neng <1.0 <1.0 <5 <1.0 <t.0 <100 <100 <1.G <1.0 <1.0 <(.50 <t <1.0
Notes: Compounds detected above the North Carolina 2L Standard are shown in bold.
A - indicates samples collected by Mortensen Engineering, Inc.
B - indicates samples colected by Fluor Daniel GT, Inc.
NA denotes compound not analyzed
Deep monitoring wells DW-6 and DW-10 were destroyed during site construction activities.
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Table 6

Summary of Daep Groundwater Analytical Data
W.P Ballard and Downgradient Properties
Greensboro, Norh Carclina

Sample Localion; DW-10 wW-11 OW-12 DMP-1 ompP-2 oMP-3 DMP-4
Sample Date] 71596 A | THM5/968 | J0/B/88 A | 10696 B 1B/96 A | 10/6/96 3 | 122/98 8 | 0B85 A | 10B/96 8 | 12r298 B | 1121/98 B 1/21/93 B 1724/93 B 1721195 8
Analysis Melhod:y EPA &0 EPA 501 EPABDT £PA 631 EPA 601 EPA 801 EPA S0t ERA 601 EPABOH EPA B0 EPA 601 EPA €01 EPA 601 EPA 601
Analyte NCAC 20
Methylene Chioride (ug/L) 50 <5 <10 <2.5 <10 <25 <1.0 <50 <25 <1.0 <50 <5.0 <50 <25.0 <50.0
Chloroform (ug/l} 018 <10 34 <0.50 <0.19 7.1 5.4 <1.0 4.3 4.2 <1.0 6.0 1.5 <50 <10.0
Chioromethane (ugit) none <10 <2.0 <0.50 <2.0 <0.50 <2.0 <10 <0.50 <26 <1.0 <10 <50 <5.0 <10.0
Carbon Tetrachloride (vgf.) c3 <10 <19 <0.50 <030 <0.50 <0.30 <t 0 <050 <0.030 <10 <{.0 <50 <50 <100
1,1-Dichloroslhane {ugh.) 700 <1.0 <1.0 <0.50 <1.0 <0.50 <10 <10 <0.50 <1.0 <1Q <10 <50 <50 <100
1,2-Dichioroethane {ug/i) 38 <t.0 <1.0 <0.50 <10 <0.50 =<1.0 <50 <{.50 <1.¢ <1.0 <10 <50 =5.0 <10.0
1.1-Dichiorealhene {ugil} none <10 <1.0 <0.50 <1.0 <0.50 <1.Q <10 <0.50 «<1.0 <1.0 <1.0 =5.0 <5.0 <10.0
cis-1,2-Dichiorosthene {ugit) 70 NA NA NA NA NA NA <19 NA NA <14 1520 24.5 <5.0 259
trans-1,2-Uichlorosthens (ugiL) 70 NA NA NA NA NA NA <10 NA NA <10 24.¢ <5.0 <5.0 <100
1,2-Dichloropropane {ugfl) 0.56 <t.0 <10 <0.50¢ (.20 <0.50 <0.20 <10 <0.50 <0.20 <1.0 280 <5.¢ <5.0 <10.0
Trichforosthene {ug/l) 28 <10 <1.0 <0.50 <10 <0 50 <1.C <10 <0.50 <1.0 <1.0 <1.0 <5.0 <5.0 <tQO
Tetrachloroethens {ugit) 07 <1.0 1.9 <0.50 <070 <0.80 <0.70 <10 <{).50 <0.70 <10 60,7 254 580 3460
1.1.1-Trichloroethane {ug/l.} 200 <i.0 <1.C <0.50 <1.0 <0.50 <1.0 <1.0 <Q.50 <1.0 <1.0 <1.0 <50 <5.0 <10.0
1,1.2-Trichioroethane {ug/l.) nong <1.0 <1.0 <0.50 <1.0 <0.50 <i.0 <10 <050 <10 <t.0 <1.¢ <5.0 <5.0 <10.0

Notes: Compounds detected above the North Carolina 20 Standard arg shown in bolg.

A - indicates samples collected by Mortensen Engineering, Inc,

B - indicates samples colected by Fluer Daniel GTI, inc.

NA denates compound not analyzed

Deep monitoring wells DW-6 and DW-10 were destroyed during site construction activities.
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Notice

This status report was prepared by: Environmental Management Support, Inc., 8601 Georgia Avenue,
Suite 500, Silver Spring, MD 20910 under contract 68-W6-0014, work assignment 65, with the U.S.
Environmental Protection Agency. Mention of trade names or commercial products does not constitute
endorsement or recommendation for use. For more information about this project contact: Dawn Carroll,
U.S. Environmental Protection Agency (5102G), Technology Innovation Office, 401 M Street, SW,
Washington, DC 20460, 703-603-1234, e-mail: carroll.dawn @epa.gov.



Foreword

Some 80 percent of the hazardous waste sites in the United States have contaminated ground water.
Conventionally, the treatment of contaminated ground water has been done by extracting the contamina-
ted water, treating it above ground, and reinjecting or discharging the clean water (“pump-and-treat™).
The extracted contaminants must be disposed of separately. It is becoming increasingly apparent that
pump-and-treat technologies require considerable investment (between S14-17 million) over a long time
(30 years or longer), and may not actually clean up the source of the contaminationi. Current policies and
law stress “permanent” remedies over containment. Consequently, there is considerable interest and
effort being expended on alternative, innovative treatment technologies for contaminated ground water.

This report is one in a series that document recent pilot demonstrations and full-scale applications that
either treat soil and ground water in place or increase the solubility and mobility of contaminants to
improve their removal by other remediation technologies. It is hoped that this information will-allow
more regular consideration of new, less costly, and more effective technologies to address the problems
associated with hazardous waste sites and petroleum contamination. This and other reports are available
to the public on line from the Technology Innovation Office website: http://clu-in.org/pubitech.htm.

Surfactant Enhancements
Treatment Walls
Hydrofracturing/Pneumatic Fracturing
Cosolvents
Electrokinetics
Thermal Enhancements
In Siru Chemical Oxidation
Ground-W ater Circulation Wells
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Introduction

Purpose and Process

The purpose of this document is to describe completed and ongoing pilot demonstrations and full-scale
applications of in situ chemical oxidation technologies for the remediation of soil and ground water at
waste disposal and spill sites.

Information for this report came from commercial and government databases, such as the Dialog
Information Services and the Environmental Protection Agency's (EPA) Vendor Information System for
Innovative Treatment Technologies (VISITT). Additional materials were obtained from EPA Regional
Offices, Department of Energy staff at the Oak Ridge National Laboratory and Westinghouse Savannah
River, Department of Defense site staff, and Battelle Laboratories. Personal interviews and discussions
with representatives of EPA and other federal agencies, state environmental quality offices, academic
research centers, hazardous waste remediation consulting fixms, and technology vendors provided
supplementary information.

Technology Needs

In situ chemical oxidation is one of several innovative technologies that show promise in destroying or
degrading an extensive variety of hazardous wastes in ground water, sediment, and soil. The oxidants
used are readily available, and treatment time is usually measured in months rather than years, making

the process economically feasible.

Enrichment with dissolved oxygen has been shown to stimulate in situ biological processes, but also is
used at at least one site to oxidize arsenic. Potassium permanganate is a stable and easily handled
oxidant in both solid and solution form. Hydrogen peroxide can be costly, and because of its volatility
requires protective measures. Nevertheless, the shorter process may save on labor and operating costs.

In situ chemical oxidation can be applied in conjunction with other treatments such as pump-and-treat
and soil vapor extraction to break down remaining compounds. It is Jess costly and distuptive then other
traditional soil treatments such as excavation and incineration. In situ chemica)l oxidation may be used in
applications where the effectiveness of bioremediation is limited by the range of contaminants and/or

climate conditions.
Technology Description

In situ chemical oxidation is based on the delivery of chemical oxidants to contaminated media in order
to either destroy the contaminants by converting them to innocuous compounds commonly found in
nature. The oxidants applied in this process are typically hydrogen peroxide (H,0,), potassium
permanganate (KMnQO,), ozone, or, 10 a lesser extent, dissolved oxygen (DO).

The most common field 2pplications thus far have been based on Fenton's Reagent whereby hydrogen
peroxide is applied with an iron catalyst creating a hydroxyl free radical. This hydroxyl free radical is
capable of oxidizing complex organic compounds. Residual hydrogen peroxide decomposes into water
and oxygen in the subsurface and any remaining iron precipirates out. This process has a history of
application in waste treatment fields.



The volume and chemical composition of individual treatments are based on the contaminant levels and
volume, subsurface characteristics, and pre-application laboratory test results. The methods for delivery
of the chemical may vary. The oxidant can be injected through a well or injector head dircctly into the
subsurface, mixed with a catalyst and injected, or combined with an extract from the site and then
injected and recirculated. In the case of hydrogen peroxide, stabilizers may be needed because of the

compound’s volatility.

In situ chemical oxidation is being used for ground water, sediment, and soil remediation. it can be
applied to a variety of soil types and sizes (silt and clay). It is used to treat volatile organic chemicals
(VOCs) including dichloroethene (DCE), trichloroethene (TCE), tetrachloroethene (PCE), and benzene,
toluene, ethylbenzene, and xylene (BTEX) as well as semi-volatile organic chemicals (SVOCs)

including pesticides, polycyclic aromatic hydrocarbons (PAHs), and polychlorinated biphenyls (PCBs).



Hydrogen Peroxide (H,0,)

Installation Date:
1997

Media:
Soil

Confaminanis:
TCE

Oxidant:
HO,

Soil Type:
Clay backfill

Points of Contact:
Leslie Ware

~ Anniston Atmy Depot (SIOAN-
RK)
Directorate of Risk Managem eat
7 Frankford Avenue, Bldg |
Anniston, AL 362014199
Tel: 256-235-7899
Fax: 256-235-7726
E-mail; warel@anad.amy.mil

Richard S. Levin, P.G.

QST Environmental Inc.
P.Q. Box 1703

Gainesville, FL 32603

Tel: 352-333-3633

Fax: 352-333-6627

E-mail: wslevin@qstmail.com

Anniston Army Depot, Anniston, AL

Full-scale soil remediation using in situ chemical oxidation for
the removal of dense non-agueous phase liquids (DNAPLs)
such as chlorinated solvents, and hy drocarbons, was begun in
1997 at Anniston Army Depot, Anniston, Alabama.

Site Background

The site consists of three industrial waste lagoons backfilled
with clay in 1978. It is ap proximately 2 acres with over 43,125
yd? of contaminated soil containing up to 31% trichloroethene
(TCE), dichloroethene (DCE), methylene chloride, and ‘
benzene, toluene, ethylbenzene, and xylene (BTEX). TCE
accounts for approximately 85% of the 72,000 Ibs of volatile
organic chemicals. The majority of contaminants were found at
depths of 8 ft and greater. The highest concentrations of TCE
occur at depths between 8 and 10 ft (maximum 20,100 mg/kg).
The water table fluctuates from 25-30 ft below the surface.

Technology Application

Three differently sized injector wells were installed to target
three distinct depth intervals. Single shallow injectors screened
from 8-14 ft were installed in areas where contamination is
shallower than 15 ft, single intermediate injectors were
installed where contamination was found from 15-20 ft, and
paired shallow and deep injectors screened from 20-26 ft were
installed in areas where contamination was found at both deep
and shallow depths. In addition, 25 deep ground-water injector
wells were used for monitoring, and a vent flow balance system
was installed to aid in maintaining an effective radial
dispersion of cataly st and H,0,. The Geo-Cleanse® patented
injection process was employed to deliver H,0, and trace
quantities of ferrous sulfate and acid (to control pH) into the
contaminated soil. Chemical oxidation of the soil took place
over a 120-day period during which 109,000 gallons of 50%
H,0, were injected through a total of 255 injectors. Post-
treatment sampling began while the full-scale treatinent was
still in progress. In cases where contarninant concentrations
remainced above Soil Screening Levels {SSLs), the location was
re-treated for polishing treatment.

The total cost to complete this project is estimated to be $5.7M.
Project completion originaliy anticipated for the end of fiscal
year 1998 is now contingent upon funding a final $500K and

3



final sampling. Funding for this project was made available in
increments. Therefore, the actual expenditures breakdown by
cost categories are not available. Project managers estimate
that ap proximately two-thirds of the funds have been allocated
for capital costs including chemicals and the injection process
and one-third for monitoring and support. Oversight by the
Army Corps of Engineers is not included in this funding

Resulfs
This full-scale treatment was initiated in July 1997. For those

areas where sampling and polishing has been completed,
results indicate that this process was effective in reducing
contaminant concentrations in clays to below SSLs. Soil
concentrations of up to 1,760 mgkg of TCE have been reduced
to below detection. Additional polishing treatrnent may still be
warranted depending upon the results of final sampling in the
remaining blocks. As noted above, additional funding has been
requested to complete this process. Operating data indicate no
adverse migration of organics to surrounding soils or gronnd
water.

Site-specific References

Levin, R. S; Wilson, J.; Ware, L.; Findley, J.; and Baehr, J.
“Full-Scale Soil Remediation of Chlorinated Solvents in Clay
Soils by In Sim Chemical Oxidation,” Battelle, First
International Conference on Remediation of Chlorinated and
Recalcitrant Compounds, Monterey, California May 1998

Bryant, J. Daniel and Wilson, J. “Rapid Delivery System
Completes Oxidation Picture,” Soil & Groundwater Cleanup,
pp 6-11, August/September 1998

Former Sign Manufacturing Facility, Denver, CO

Installation Date: A pilot followed by a full-scale treatment of in situ chernical

1996 : oxidation ISOTEC?") for remediation of ground water
contaminated with benzene, toluene, ethylbenzene, and xylene
(BTEX) was conducted at a former sign manufacturing facility

Aedia: in Denver, Colorado, from 1996-1997.

Ground water .
Site Background

The ap proximate 100 x 100-ft site contained leaking gasoline

and fuel oil underground storage tanks. A contaminant plume
Contaminanis; was found within a thin sandy gravel lens, with a clay layer
BTEX above and bedrock below. The depth to ground water was 5 ft.

Pre-treatment samples indicated BTEX in the ground water at a



Oxidant:
HIOZ

Soil Type:
Sandy gravel

Point of Contact:

Andrew Schmeising

EWMA of Colorado

7600 Arapahoe Rd. Suite 114
Englewood, CO 80112

Tel: 303-843-9700

Fax: 303-843-9094

E-mail: ewmadenver@aol.com

maximum concentration of 24,595 pgl.

Technology Application

The pilot program involved three treatment cy cles, with 4 days
per cycle. Each cycle involved injection of hydrogen peroxide
arid chelated iron through each of eight injection points. Full-
scale remediation was ordered based on the results of this pilot
application. The final application involved one six-day cycle
using 14 injection points and 7 injection trenches.

The total cost of this demonstration, including pilot and full-
scale programs, was approximately $200K. This included the
cost of materials, injections, and sampling. The monitoring
wells were pre-existing.

Results

The pilot program began in August 1996, and analy ses of post-
treatment samples from the full-scale operation were completed
in March 1997. BTEX was not detected in the post-treatment
samples from nine of the monitoring wells. The total BTEX
concentration in the remaining four wells was 89 ug/l. As a
result, the state issued an unrestricted “no further action letter”
for the site. Based on this action, the property was sold.

Site-specific References
“Remediate Contaminated Property,” Construction Design &
Engineering Journal, March 4-13, 1998, p 2B

Installation Date:
19935

Media:
Ground water

Contapinanis:
MTBE, BTEX

Warehousing Facility, Union County, Nd

A pilot test and full-scale treatment of in siru chemical
oxidation for remediation of ground water contaminated with
methy] tert-buty1 ether (M TBE) and benzene, toluene,

ethy lbenzene, and xylene (BTEX) were conducted at a
warehouse in Union County, New Jersey, from 1995-1996.

Site Background

The ap proximately 100 x 80 ft site contained gasoline, waste
oil, and fuel oil underground storage tanks that had leaked. The
site soils were unsoried and unstratified pebbles, cobbles, and
boulders in a matrix of sand, silt, and clay. The depth to ground
water was approximately 18 ft. Pre-treatment samples from the
well with highest concentrations of contaminants indicated
total BTEX levels in excess of 25,000 pg/L and MTBE levels

in excess of 6,000 ug/L.



Oxidant:
HIOI

Soil Type:
Unsorted rocks in sand

Point of Contact:

Prof. Richard Watts
Washington State University
College of Enginesdng and
Architecture

Pullman, WA 99164

Tel: 509-335-3761

Fax: 509-335-7632

E-mail; gwatts @wsu.edu

Technology Application

A pilot application was performed using one injection point in
the area of highest contamination and one injection point 18 ft
away. A single treatment of reagent was completed over a 3-
day period. Injections were performed in cycles with catalysts
followed by the oxidizer. A site engineered injection ap paratus
was used to control the flow of hydrogen peroxide (H,O,) and
the proprietary ISOTEC?" catalyst (iron complex) into the
capillary fringe of the vadose zone. Based on the results of this
pilot, full-scale remediation was ordered. Six injection points
were installed and three treatment cycles were performed over
several days within a 3-month period.

The total cost of this demonstration, including pilot and full-
scale programs, was approximately $220K. This included
chermicals, injections, and sampling. Pre-existing monitoring
wells were used for sampling, so installation costs are not
included.

Results
The field pilot program began in December 1995, and analy ses

of post-treatment samples from the full-scale operation were
completed in October 1996. Post-treatment samples taken 4
months after the final treatment application indicated that most
of the contaminants, including MTBE, were below detection
limits. Total BTEX concentrations were less than 25 pg/l. in
the same well that had registered in excess of 25,000 pg/L in
pre-test samples. As a result, the case was closed in November

1996.

Site-specific References

Greenberg, R. S.; Andrews, T.; Kakarla, P.K.C.; and Watts,
R.J. “In-Situ Fenton-Like Oxidation of Volatile Organics:
Laboratory, Pilot, and Full-Scale Demonstrations,”
Remediarion, Spring 1998, pp 29-42



Former News Publisher Facility, Framingham, MA

Installation Date:
1996

Media:
Ground water

Contaninanis:
TCA, DCE, VC

Oxidant:
HIOZ

Soil Type:
Fine-grained silty sand

Point of Contact:

Carl Shapiro

TGG Environmental, Inc.
100 Crescent Road
Needham, MA 02494

Tel: 781-449-6450

Fax: 781-449-1283

E-mail: cshapiro@tgge.com

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 ground
water was performed at a former news publisher facility in
Framingham, Massachusetts, in 1996.

Site Background

A dry well discovered during a site assessment contained
chlorinated solvents and petroleum hydrocarbons from disposal
of ink and degreaser wastes. The site includes a plant, which is
approximately 100 x 100 ft, and adjacent land of ap proximately
the same dimensions. 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
ground water averages approximately 2%2 ft below ground
surface. The contaminant plume is approximately 80 x 80 ft.
Prior to CleanOX® treatment, remedial actions at the site
included disp osal of over 6,000 gallons of hazardous liquids

and fifteen 55-gallon drums of hazardous sludge. Pre-treatment
concentrations of TCA in the two monitoring wells were
measured at 40,600 and 4,800 ug/L, and VC concentrations
were 440 and 110 pg/L.

Technology Application
The pilot-scale application was conducted to evaluate site-

specific geochemistry. Two CleanQX® application points were
used over a 3-day period for treatment within the 30 ft diameter
dry well area. The application involved a solution of H,0,, an
iron catalyst, and an acid to control pH. Two 4-in diareter
PVC wells and five surrounding monitoring wells were

sampled prior to application and resampled 3 weeks after

treatmernt.

The total cost of this application was $45K. This included the
chemicals, the ap plication, and the expertise required to apply
and report on the treatment. It did not include the cost of

monitoring wells.

Results
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.



The reduction of chlorinated hydrocarbon contaminants
achieved with the CleanQX@®application, coupled with the
quantity of source contaminants removed during the original
remediation tasks, allowed the site owner to successfully close
the site with state approval without additional treatment. No
specific restrictions on the use of the site were necessary, and
the site remains closed.

Site-specific References
Not available.

Installation Date:
1995

Media:
Ground water

Contaminantis:
VOCs, TCA

Oxidant:
H?.O’J.

Soil Type:
Fill

Point of Contact:

Michael Tumulty

H2M

555 Preakness Ave.
Totowa, NI 07512
Tel: 973-942-0700
Fax: 973-942-1333

E-mail: tumulty@h2m.com

Active industrial Facility, Clifton, NJ

A pilot and initial injection for full-scale application of in situ
chernical oxidation (CleanOX®) for the remediation of
trichloroethane (TCA) and other volatile organic compounds
(VOCs) in ground water were performed at an active industrial
facility in Clifton, New Jersey, from 1995-1996.

Site Background

Releases from an underground storage tank resulted in a
ground-water plume. An existing ground-water pump-and-treat
system was located outside the building and had operated for
five years prior to this application with moderate reduction in
contaminant concentrations. The high level of iron-metaboli-
zing bacteria at the site caused frequent operations and main-
tenance problems for the pump-and-treat sy stem. The aquifer is
heterogeneous and highly stratified. Site soils are Jow in .
permeability (about 1 millidarcy} and conductivity (about 10°
crm/sec), and the ground water has high organic carbon concen-
trations. Depth to ground water is approximately 16 ft. Pre-
treatment sampling indicated average total VOC concentrations
at 44 mg/l.. Maximum TCA concentration was measured at

101 mg/L in one monitoring well.

Technology Application

The pilot-scale application, using H,0,, an iron cataly st, and an
acid for pH balance, was performed at an existing well. The
chemicals were applied over a 3-week period. The full-scale
application involved the installation of an additional eleven 4-
in diameter PVC wells into the fractured bedrock underneath
the facility building. The application wells were screened 10 -
30 ft below ground surface. Samples were taken following this
application and repeated a couple of months later.

The cost of the pilot and full-scale applications was ap proxi-

g



mately $235K. This included drilling the wells, applying
chemicals, sampling, testing, and engineering oversight.

Results

Average total VOC concentrations dropped from the original
44 mgL to 15 mg/L.. The post-treatment average level is
assumed to be skewed since the project uncovered the fracture
system containing most of the contaminant. Results of this
application indicated a 98% reduction in TCA concentrations
in the most contaminated well, from 101 mg/L to 2 mg/L.
Another full-scale ap plication probably would be required to
achieve M CLs for drinking water. The water standard required
for industrial application is 1 mg/L. '

Site-specific References-
Not available

Installation Date:
1997

Media:
Ground water, soil

Contaminants:
TCE, PCE

Oxidant:
HZOZ

Soil Type:
Sand, clay

Point of Contact:
Karen M. Jerome

Westinghouse Savannah River

Com pany
Tel: 803-725-5223
Fax: 803-725-7673

E-mail: karen.jeromc@srs. gov

Westinghouse Savannah River Site, Aiken, SC

A field demonstration of in situ chemical oxidation to treat
dense non-aqueous phase liquids (DNAPLs)}—primarily
tetrachloroethylene (PCE)} and trichloroethene (T CE)—was
conducted in 1997 at the Savannah River Site in Aiken, South
Carolina.

Site Background

The site selected for this demonstration was a 50 x 50 ft area
adjacent to a seepage basin. The treatment zone consisted of
64,000 ft? of soil containing ap proximately 600 lIbs of DNAPL.
The soils consist of sand and clayey sands. DNAPL is present
at approximately 140 ft below ground surface and about 20 ft
below the top of the water table. The average ground-water
contaminant concentrations in the treatment area were
approximately 119 mgL PCE and 21 mg/l. TCE. The soil
contained PCE concentrations of 10-150 pgfkg. The highest
concentrations were found at approximately 140 ft below
ground surface. This area of the Savannah River site was once
a fuel and target fabrication facility where uranium, lithium,
aluminum, and other materials were processed into fuel
elements and targets for use in the nuclear production reactors.

Technology Application

Four injector wells, three monitoring wells, and three vadose
zone lysimeters were installed. Holes were drilled to depths of
approximately 155 ft, and samples were collected at various
levels to determine the soil concentration of TCE and PCE in



soil. The treatment zone was ap proximately 30 ft deep. The
Geo-Cleanse® patented injection process was then emp loyed to
inject H,0, and a catalyst (ferrous sulfate) over a 6-day period
in a circular area with a radius of 27 ft. Injection was conducted
in batch mode with one batch injected per day. The volume of
the injection varied from 500-1000 gallons per batch. Three

days after the last injection, post-test drilling was initiated to
verify destruction of DNAPL. In addition, post-test sampling of
monitoring wells was conducted weekly fora 3-month period.

The total cost of the demonstration was approximately $511K.
This included approximately $60K for site preparation, $151K
for pre-test drilling and characterization, $184K for a tech-
nology test, $49K for post-test drilling and characterization,
$7K for demobilization, and $60K for documentation and
project management.

Results
The demonstration, from pre-test characterization of the site

through post-test activities, took place between January and
July 1997. A comparison of pre- and post-test soil borings
indicated a 94% destruction of DNAPL in the treatment zone.
The estimated pre-test DNAPL mass was 593 lbs, and the
estimated post-test mass was 36 Ibs. Total destruction was not
achieved and can be attributed to the process not contacting all
DNAPL globules in the fine-grained sediments. Average
contaminant concentrations in the ground water were reduced
to 0.65 mg/L PCE and 0.07 mg/L TCE at the completion of
treatment.

Follow-up work was conducted in the summer of 1998 to
determine the effects of the chemical reactions on the
geochemistry and microbiology of the test zone and
surrounding areas.

Site-specific References

Jerome, K.M .; Riha, B.; Looney, B.B. Final Report for
Demonstration of In Situ Oxidation of DNAPL Using the Geo-
Cleanse® Technology, U.S. Department of Energy,
Westinghouse Savannah River Company, Aiken, South
Carolina, September 1997

Jerome, K. Looney, B.B.; and Wilson, J. “Field Demonstration
of In Simt Fenton's Destruction of DNAPLs,” Battelle, First
International Conference on Remediation of Chlorinated and
Recalcitrant Compounds, Monterey, California, May 1998
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“Field Demonstration of /n Siru Fenton's Destruction of
DNAPLs,” in Wickramanay ake, G.B. and Hinchee, R.E. (eds.),
Physical, Chemical, and Thermal Technologies, Remediation
of Chlorinated and Recalcitrant Compounds, Battelle Press,
Columbus, Ohio, 1998

Bryant, J. Daniel and Wilson, J. “Rapid Delivery System
Completes Oxidation Picture,” Soil & Groundwater Cleanup,
pp 6-11, August/September 1998
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Potassium Permanganate (KMnQO,)

U.S. Army Cold Regions Research & Engineering Laboratory, Hanover, NH

Installation Date:
1997

Media:
Soil

Contaminants:
TCE

Oxidant:
KMnO,

Soil Type:
Sand, silt

Point of Contact:

Daniel McKay

U.8. Amy CRREL

72 Lyme Road

Hanover, NH 03755

Tel: 603-646-4738

Fax: 603-646-4640

E-mail:

demkay @crrel usace. arm y.mil

Pilot-scale testing is being performed at the U.S. Army Cold
Regions Research and Engineering Laboratory (CRREL) in
Hanover, New Hampshire, to evaluate the feasjbility of using a
1.5% concentrated solution of potassium permanganate
(KMnO,) to promote in siru chemical oxidation of
trichloroethene (TCE) in low-permeability lenses of silt with
clay in the vadose zone. Testing was done at two sites.

Site Background

The presence of TCE is assumed to have resulted from either a
leak or an explosion at the facility, which had been used
extensively for refrigeration and ice coring Residual TCE
contaminatjon has been identified in unsaturated soils 15-35 ft
below the surface. Site soil consists largely of fine sands with
some silts, interbedded with veneer-thin stringers of sand and
thicker layers of nearly saturated silts and clays. The depth to
ground water is ap proximately 130 ft. Two locations at the site
were selected for the pilot tests, representing moderate
(approximately 170 mg/kg) and high (maximum 60,000 mg/kg)
levels of TCE contamination.

Technology Application

Following pre-test sampling and analysis, 2 1.5% KMnO,
solation (15 g/L) was injected to the subsurface via two direct-
push wells, one a %-in diameter piezometer and the other a 2-in
stainless steel screened well, to enable injection at discrete
depths from 19.7 to 21 ft. Three samplers were placed near the
injection well to collect pore water samples during the
treatment process. Ap proximately 200 gallons of KMnQ,
solution was injected in several batches at Site 1 over a 53-day
period, while 358 gallons were delivered to Site ﬁ overa2l-
day period.

The cost of this particular pilet has not been itemized. It is part
of an overall remediation demonstration program at the site,
which is budgeted at $790K for fiscal year 1998.

Results
Pre-treatment sampling began in November 1997, with actual

oxidant injection beginning in earty 1998, Pre and p ost-
injection monitoring of pore water showed increases of
chloride concentrations from 20 to 6,420 mg/L, indicating that

12



TCE was being oxidized. Analyses of post-injection soil
samples also indicated cleanup may have been occurring, but
confirmation required additional treatment and sample
collection since the samples collected were too small to have
been statistically significant. It was determined that
significantly larger volumes of KMnO, solution or higher
concentrations of the oxidant would be required to achieve
complete cleanup. A second pilot took place in the spring 1998
with a larger volume of the oxidant (1,200 gal/week), and post-
treatment samples were collected in June. Preliminary results
of these samples indicate the need to inject the oxidant under
pressure using smaller boreholes to better contain the oxidant.
Actual data are not yet available. CRREL anticipates having
two additional larger-scale demonstrations up and running in
the fall of 1998. These sites will involve the use of boreholes
with packers to inject the KMnO, under pressure,

Site-specific References

McKay, D.; Hewitt, A.; Reitsma, S.; LaChance, J.; and Baker,
R. “In Situ Oxidation of Trichloroethylene Using Potassium
Permanganate; Part 1. Theory and Design,” Battelle, First
International Conference on Remediation of Chlorinated and
Recalcitrant Compounds, Monterey, CA, May 1998

McKay, D.; Hewitt, A.; Reitsma, S.; LaChance, J.; and Baker,
R. “In Situ Oxidation of Trichloroethylene Using Potassium
Permanganate: Part 2. Pilot Study,” Battelle, First International
Conference on Remediation of Chlorinated and Recalcitrant
Compounds, Monterey, CA, May 1998

Installation Date:

1996

Media:
Ground water

Contaminants:
TCE, PCE

Oxidant:
KMnO,

Canadian Forces Base Borden, Ontario, Canada

A %“:\\‘\N‘\

A field demonstration of in situ chemical oxidation using
potassium permanganate (KMnQ,) to treat dense non-aqueous
phase liquid (DNAPL)-—primarily trichloroethene (TCE) and
tetrachloroethene (PCE)-—was conducted at the Canadian
Forces Base Borden in Ontario, Canada, from 1996-1997. It
follows two similar but smaller field demonstrations on the

base in the early 1990s.

Site Background

The ap proximately 50 X 50 meter (164 x 164 ft) site is in a 4-
meter (13-ft) thick sand aquifer, The sand is highly
homogeneous and has hydraulic conductivity of ap proximately
86 cm/day . The source zone is located 1 m (3.3 ft) below the
water table. Typical ground-water vclocities at the site are on

13



Soil Type:
sand

Point of Contact:

Dr. Neil Thomson, PhD, PEng
Dept. of Civil Engineering
University of Waterloo

200 University Ave, W,
Waterloo, Ontario N21.3G1

Tel: 519-885-1211 (ext 2111)
Fax: 519-888-6197

E-mail: nthomson@uwateroo.ca

the order of 9 cm/day. At the initiation of an oxidant flush in
1996, it was estimated that the source zone contained an
average of 1,200 mgkg TCE and 6,700 mg/kg PCE.

Technology Application

This demonstration used a series of six injection and five
oxidant recovery wells. While previous experiments were
conducted in sheetpile containment wells, the only form of

hy draulic control on the injected oxidant in this demonstration
were the wells. The reaction was moritored usinga fence of
seven bundled mini-piezometers (98 sample points total)
perpendicular to ground-water flow and 1 m (3.3 ft) downgrad-
ient of the source zone. The DNAPL source zone was flushed
with a solution of approximately 8 g/ KMnO, for almost 500

days. :
The total cost of the demonstration is approximately $45K.

Results
The oxidant flush was conducted between May 1996 and

September 1997. Preliminary analyses indicate a 99%
reduction in peak concentrations for both PCE and T CE; final
sampling results are expected in late 1998. The mass flux
(mg/day) dissolved contaminants seems to have reduced by
four or five orders of magnitude, Further work to confirm these
preliminary results, including an estimate of solvent mass
currently in the source zone, is continuing,

Site-specific References _
Schnarr M .; Truax, C.; Farquhar, G.; Hood, E.; Gonully, T.;
and Stickney, B. “Laboratory and Controlled Field Experiments
using Potassium Permanganate to Remediate Trichloroethylene
and Perchloroethylene DNAPLS in Porous Media,” Journal of

Contaminant Hydrology, 29(3), p 205-224, 1998.

Hood, E. D.; Thomson, N. R.; and Farquhar, G. J. “In Situ
Oxidation: An Innovative Treatment Strategy to Remediate
“Trichloroethylene and Perchloroethylene DNAPLs in Porous
M edia,” Sixth Symposium and Exhibition on Groundwater and
Soil Remediation, M ontreal, Canada, March 18-21, 1997

Hood, E. D.; Thomson, N. R.; and Farquhar, G.J. “In Situ
Oxidation: Remediation of a PCE/TCE Residual DNAPL
Source,” Battelle, First International Conference on
Remediation of Chlorinated and Recalcitrant Compounds,
M onterey, California, May 1998
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Installation Date:
1996

Media: _
Ground water, soil

Contanminants:
TCE, DCE

Oxidant:
KMnO,

Soil Type:
Clay

Points of Contact:

Steve Cline

Ouk Ridge National Laboratory
Box 2008

QOak Ridge, TN 37831

Tel: 423-241-3957

Fax: 423-576-8646

E-mail: gc2@oml. gov

Joe Baker

Allied Signal

2000 E. 95 Spreet
Kansas City, MO 64131
Tel: 816-997-7332

Fax: 816-997-5603
E-mail: jbaker@kep.com

Kansas City Plant, Kansas City, MO

An in situ chemical oxidation field demonstration using
potassium permanganate (KM nQ,) for the remediation of
chlorinated solvents was conducted in 1996 at the U.S.
Department of Energy (DOE) Kansas City Plant in Kansas
City, Missouri. It was part of a larger study in which three
technologies—bioaugmentation, chemical oxidation, and
mixed-region vapor stripping with calcium oxide—were
combined with deep soil mixing.

Site Background

The test site occupied approximately 60 x 140 ft in stiff clay
soils just north of a former lagoon. Depth to gtound water is
approximately 8-10 ft below ground surface. Ground-water
samples indicated high concentrations of trichloroethene
(TCE), 1,2-dichloroethene (DCE) (over 15,000 ug/L) and
chloroethene (over 1,500 pg/L). Previous soil investigations
indicated elevated levels of total petroleum hy drocarbons
(TPH) ranging up to 6,961 mg/kg, polychlorinated biphenyls
(PCBs) as high as 9.8 mg/kg, and concentrations of TCE and
1,2-DCE in soil below the water table as high as 81 mg/kg and
15 mg/kg, respectively.

Technology Application

The field demonstration, testing, and evaluation activities
involved a crane-mounted vertical rotating blade sy stem
designed to mix the soil using 8-10 ft diameter blades. During
the in sifu mixing process, treatment agents were injected
through a vertical, hollow shaft into the soil. Fifteen soil
columns, 8 ft in diameter, grouped three to a treatment cell,
were treated to depths of approximately 25 to 47 ft. A shallow
(25 ft) and a deep (47 ft) cell were used for in situ mixing with
a 4-5% KmnO, solution. The cells were treated separately aver
two 2-day periods in three overlapping test columns. Although
soil mixing redistributed the media making it impossible for
post-treatment sampling to rep licate pre-treatment sampling,
post-treatment samples were collected in similar fashions and
locations as pre-treatment samples.

The total cost of the demonstration was approximately $1M.
This included all pre- and post-testing, permitting, equip ment,
and labor. Actual cost breakdowns are not available. On a pro-
rated basis, the costs by technology are estimated to be $128/
yd? for KMnO, compared to $77/yd? for bio-augmentation and

$62/yd?® for vapor stripping
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Results
This demonstration was conducted in July 1996. The goal of

the project was to achieve a 70% removal rate of contaminants.
Comparing pre- and post-treatment TCE mass values at the two
cells treated with KMnO,, one cell indicated an overall removal
of 83% of TCE from the unsaturated soil and the other a
reduction of 69% from the saturated soil. This compares to a
65% reduction in the unsaturated soil treated by vapor
stripping, and a 38% reduction for that treated with bioaugmen-
tation. The results also show that the physical and biological
properties of the soil treated with KMnO, remain essentially
intact. Additional sampling was performed in Spring 1998 and
analysis is underway. '

Site-specific References

U.S. DOE, Implementation of Deep Soil Mixing at the Kansas
City Plant, Qak Ridge National Laboratory, Grand Junction,
CO, February 1997

Cline, S.R.; West, O.R.; Siegrist, R.L.; and Holden, W.L.,
Performance of In Situ Chemical Oxidation Field
Demonstrations at DOE Sites, presented at the In Situ
Remediation of the Geoenvironment Conference, Minneapolis,
M innesota, October 5-8, 1997

Portsmouth Gaseous Diffusion Plant, Piketon, OH

Installation Date: A full-scale demonstration of in situ chemical oxidation .

1997 through recirculation (ISCOR) to remediate soil and ground
water for chlorinated solvents, primarily trichloroethene (TCE),
was conducted at the X-701B site of the Portsmouth Gaseous

. Diffusion Plant in Piketon, Ohio, in 1997,
Media:
Ground water, soil

Site Background
The site was 200 x 90 ft, with four distinct underly ing strata:

' silt and clay (25-30 ft thick), a sand and gravel (2-10 ft thick),
Contaminants: shale (10-15 ft thick), and sandstone (47 ft deep). The field test
TCE was targeted at treating contamination in the relatively
permeable sand and gravel layer, since it has the highest risk
for off-site migration. This layer is 5-6 {t thick and
approximately 30 ft below ground surface. The layer is

iaant: contaminated primarily with TCE. Ground water is 12-14 ft
! below the surface. Pre-treatment testing of soil samnples
detected an average TCE concentration of 54 mgkg with a
Soil Type: maximum concentration of 302 mg/kg Ground-water samples
Sand, gravel revedied concentrations up to 800 mgL.
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Points of Coniact:

Dr. Robert L. Siegrist
Colorado School of Mines
112 Coolbaugh Hall
Golden, CO 80401

Tel: 303-273-3490

Fax: 303-273-3629
E.mail:

rsiegris @slate. mines.edu

Dr. Olivia R. West

Qak Ridge National Laboratory
P.O. Box 2008

Ozk Ridge, TN 37831

Tel: 423-576-0505

Fax: 423-576-8543

E-mail: gm5@oml.gov

Technology Application
This demonstration used a pair of previously installed parailel

horizontal wells, 90 ft apart with 200-ft screened sections
consisting of 5-inch diameter, high-density polyethylene porous
filters. Water for the oxidant injection solution was extracted
from the up gradient horizontal well, mixed with cry stalline
potassium permanganate (KMnQ,) in concentrations of 1.5-
2.5%, and re-injected into the downgradient horizontal well.
Twenty-two boreholes were drilled between the wells and
samples were taken at 1-ft intervals from 20-30 ft below
ground surface, Three-quarter-inch-diameter PVC wells with 5-
ft screens were installed in 14 of the boreholes.

The total cost of the demonstration was $562K. Approximately
$56K was allocated for project planning and management,
$163K for pre-treatment sampling and mobilization, $163K for
operations and maintenance, $101K for post-treatment
sampling, $68K for resistivity monitoring, and $11K for
support.

Results
This field test was conducted from July-August 1997, and post-

treatment characterization was completed in August 1997,
Post-treatment characterization showed that ISCOR was
effective at reducing TCE in both soil and ground water to non-
detectable levels in those areas where the oxidant was able to
migrate. Lateral and vertical heterogeneities within the
treatment zone impacted the uniform delivery of the oxidant.

M onitoring of the ground water in the area was conducted
between October 1997 and June 1998 and analysis continues to
date. New field testing at a different location on this facility
using sodium permanganate and vertical injection and

extraction wells is expected to begin in the summer of 1998.
Sodium permanganate was selected because of its considerably
higher solubility in aqueous solutions than KMnO,. Its higher
solubility allows for the use of alternate modes of delivery such
as liquid chemical feed.

Site-specific References

West, O.R.; Cline, S.R.; Holden, W.L.; Gardner, F.G.;
Schlosser, B.M.; Thate, J.E.; Pickering, D.A.; and Houk, T.C.
A Full-Scale Demonstration of In Situ Chemical Oxzdanon
Through Recirculation at the X-701B Site, Oak Ridge National
Laboratory, Oak Ridge, Tennessee, December 1997

Cline, S.R.; West, O.R.; Siegrist, R.L..; and Holden, W.L.,
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“Performance of In Siru Chermical Oxidation Field Demonstra-
tions at DOE Sites,” [n Sint Remediation of the Geoenviron-
ment Conference, M inneapolis, M innesota, October 3-8, 1997

West, O.R.; Cline, S.R.; Siegrist, R.L.; Houk, T.C.; Holden,
W.L.; Gardner, F.G.; and Schlosser, B.M. “A Field Scale Test
of In Situ Chemical Oxidation Through Recirculation,”
Interational Conference of Decommissioning and
Decontamination and on Nuclear and Hazardous Waste

M anagement, American Nuclear Society, Denver, Colorado,
September 13-18, 1998
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Ozone (O,)

Installation Date:
1997

Media:
Ground water, soil

Contaminanis:
TPH, BTEX

Oxidant:
Ozone

Soil Type:
Sand-gravel mix

Point of Contact:
Gordon Daviu
Moicty Associates
1080 Fifth Street
Penrose, CO 81204
Tel: 719-372-6970

Fax: by appointment
E-mail: moietyrands @juno.com

Former Service Station, Commerce City, CO

A full-scale app lication using a combination of an air/ozone
(C-Sparge™) system and a vacuum extraction system to
remediate soil and ground water contaminated with petroleum
hydrocarbons and benzene, toluene, ethylbenzene, and xylene
(BTEX) was administered at a former service station site in
Commerce City, Colorado, in 1997.

Site Background

The site, which once served as a bulk storage and service ~
station facility, is part of a metal recy cling facility . Subsurface
material consists of sand and gravel mixtures to ap p roximately
43 ft below ground surface, grading to a blue clay. Ground
water is ap proximately 28 ft below ground surface. A soil and
ground-water investigation indicated that total petroleum
hydrocarbons (TPH) in the soil ranged from 90-2,380 mg/kg.
Total BTEX in soil ranged from 7,800-36,550 pgkg. TPH in
the ground water ranged from free product to 490 mg/L. and
BTEX ranged from 22-2,260 ng/l.. Concentrations of benzene,
the contaminant by which the cleanup standard was measured,
ranged from below detection limits to 16 ug/L.

Technology Application ,
The C-Sparge™ process consists of a combination of in situ air

stripping with encapsulated ozone to oxidize contaminants.
Two master panels, each controlling three wells, were installed.
Each well consists of an in-ground sparge point that injects
pulsating ozone and air into the ground water, an in-well sparge
point that injects pulsating water in the well casing under
pressure, 2 water-circulation pump, and a packer. The
pressurized system allows the fine bubbles that transport the
encapsulated ozone to infuse the formation without fracturing
it. Each well was drilled 50 ft deep, and sealed from 10 ft
below grade to the ground surface. Sparge-point pressures
ranged from 14-20 psi, depending on the distance from the well
to the surface equipment. The system was augmented with a
large blower pulling 160 ft*/min at 48-inch-vacuum water
column, The entire sy stem ran through 12 complete cycles per
day. Each cycle involved all six wells going through the
approximately 25 minute/well process of blowing ozone and air
into the ground water, blowing water into the casing, and
pumping. The blower operated continuously.
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The anticipated cost of the demonstration from site investiga-
tion through final monitoring 1s approximately $160K. Of this,
$20K was allocated for site investigation, $55K for equipment,
$35K for installation, and $15K for sparge wells.

Results

The system started in August 1997, The ground-water wells at
the site are monitored quarterly. The March 1998 results
showed dissolved TPH at 37 mg/L in the well that contained
free product during previous monitoring, No TPH or BTEX
was detected in any other monitoring wells, so the remediation
system was turned off. Monitoring results in June 1998
indicated levels remaining below the state maximum
contaminant levels for drinking water. The state did not require
confirmatory soil sampling. Samples will need to be taken for
four consecutive quarters following the shutdown of the system
in March 1998.

Site-specific References
Not available

Dry Cleaning Facilities, Hutchinson, KS

Installation Date: A pilot test using ozone and air injection for remediation of
1997 tetrachloroethene (PCE) in ground water was conducted in
Hutchinson, Kansas, in 1997. This pilot was part of a test
designed to compare and evaluate the cost-effectiveness of
three remediation technologies. It involved three similar
locations within the city. The technologies included a
combination of air sparging with soil vapor extraction

(A AS/SVE); in-well stripping (NoVOCs™); and a
combination of air and ozone injection with vertical circulation
Contaminants: of ground water (C-Sparge™).

PCE

Media:
Ground water

Site Background
All three test sites were located near former and existing dry~
cleaning facilities within the city limits. Sediments underlying

8;{;::“ the sites consist of unconsolidated stream and terrace deposits
(sand, silt, and clay). The water table is from 14 to 16 ft below
ground. Dissolved-phase PCE appeared limited to the top 15 ft

Soil Type: of the aquifer with maximum concentrations ranging from 30-

Sand, silt, clay 600 pg/l.

Technology Application
Each of the 3 test configurations consisted of above-ground

remediation hardware in a temporary enclosure or trailer, a
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Points of Contact:

Leo G. Henning

Kansas Dept. of Health &
Environment

Bldg 740 at Forbes Field
Topeka, KS 66620

Tel: 785-296-1914

Fax: 785-296-4823
E-mail:
thenning @kdhe. state ks us

. Douglas Dreiling
Bums & McDonnell
3839 Dora

Wichita, KS 67213
Tel: 316-941-392]
Fax: 316-941-4730

E-mail: ddrel@burnsmod.com

hup//iwww.bumsmed.com

single or combination remediation well configuration, above-
and below-grade piping and ground-water monitoring wells.
The placement of monitoring wells varied for each site to
accommodate the technology -specific data collection
requirements.

The ozone injection test involved a C-Sparge™ process which
combines air stripping with oxidation. The system included a
4-in diameter PVC remediation well installed to 35 ft below
grade with a micro-porous sparge point placed 33-35 ft below
grade. The wells were screened in the vadose and saturated
zones. A self-contained down-hole unit, containing a second
sparge point and fluid pump, was then installed in the well.
Ground-water information was collected from a cluster of five
monitoring wells. The average rate of injection was 3 standard
cubic ft per minute. To better understand the effects of ozone, a
second identical configuration was installed to inject air only
through the sparge points. A cluster of three monitoring wells
was used to collect information from this test.

The cost of this field demonstration for all three sites was
approximately $195K, of which $52K was for the C-Sparge™
test, $95K was for the NoVOCs™ test, and about $48K for the
AAS/SVE test. A cost comparison indicated that the AAS/SVE
system was the least expensive to install and the C-Sparge™
the most economical to operate.

Results
Pilot test activities for all sites were conducted over a 5-month

period and included monitoring well and system installation,
pre-test ground-water sampling, a 6-day system start-up period,
on-going data collection and operation and maintenance, and
post-test ground-water sampling.

Monitoring wells 10 ft from the remediation well using ozone
indicate a 91% reduction in concentration of PCE, from 34 to 3
ug/l. Air-only injections resuited in a 71% reduction, in-well
stripping an 87% reduction, and AAS/SVE a 66% reduction.

Site-specific References

Dreiling, D.N.; Heaning, L.G.; Jurgens, R.D.; and Ballard, D.L.
“Multi-Site Comparison of Chlorinated Solvent Remediation
Using Innovative Technology,” Battelle, First International
Conference on Remediation of Chlorinated and Recalcitrant
Compounds, Monterey, California, May 1998
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Former Industrial Facility, Sonoma, CA

Installation Date:
1998

Media:
Ground water, soil

Contaminants:
PCP, PAHs

Oxidant:
QOzone

Soil Type:
Sand, clay

Point of Contact:
Christopher Nelson
Fluor Daniel GT1, Inc.
1527 Cole Blvd.
Golden, CO 80401
Tel: 303-231-8912
- Fax: 303-231-8901
E-mail: cnelson@gtionline.com

A field demonstration of in situ chemical oxidation using
ozone is underway at a former industrial site in Sonoma,
Califomia to remediate the vadose zone and ground water for
pentachlorophenol (PCP) and polycyclic aromatic
hydrocarbons (PAHs).
Site Background

This site (approximately 300 x 300 ft) was once the location for
a wood treating facility, a cooling tower, and a water tank
manufacturer. These operations involved the use of PCP and
creosote. Contamination extends from shallow soils down to
the water table. The geology consists of semi-continuous layers
ranging from fine sands to clays, resulting in highly stratified
contamination. The application was designed to address
contamination in all layers. Initial sampling of 10 locations on
the site indicated an average concentration of 1,800 mg/kg of
total PAHs and 3,300 mg/kg of PCP.

Technology Application

This demonstration involves at Jeast four multi-level ozone
injections (for all the stratigraphic layers) utilizing a variety of
instrumentation including soil gas probes, piezometers,

ly simeters, monitoring wells, thermocouples, and reflectometry
instruments to measure soil moisture content. Soil vapor
extraction wells were placed outside the treatment areas to
ensure that fugitive ozone emissions were minimized. Ozone
was injected through wells in the vadose zone at varying rates
up to 10 ft*/min.

The inclusive cost of this field demonstration, once comp leted,
is anticipated to be approximately $300K (half the cost was for
capital equipment and half for operations and maintenance).

Results

This field study was begun in the spring of 1998 and is
anticipated to continue for an additional six months. After one
month of continuous ozone injection, sampling from the 10
locations averaged 530 mg’kg PAHs and 570 mgkg PCP.
Concentrations of PAHs were reduced 67 - $9.5% and
concentrations of PCP were reduced 39 - 98%. Subsurface
gaseous ozone concentrations appear to be relatively uniform,
decreasing with increasing distance from injection points. Soil
gas data suggests that ozone utilization of greater than 90% is
achieved, The study calls for additional data to be acquired, soil
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borings to be advanced after three and six months of treatment,
respirometry to be performed to determine the effects of
ozonation on microbial activity, and various engineering issucs
to be investigated.

Sife-specific References

Marvin, B.K.; Nelson, C.H.; Clayton, W.; Sullivan, K.M .; and
Skladany, G. “In Situ Chemical Oxidation of Pentachloro-
phenol and Polycyclic Aromatic Hy drocarbons: From
Laboratory Tests to Field Demonstration,” Battelle, First
International Conference on Remediation of Chlorinated and
Recalcitrant Compounds, Monterey, CA, May 1998

Park Between Commercial and Residential Area, Utrecht, The Netheriandé

Instaliation Date:
1997

Media:
Ground water

Contaminants:
TCE, BTEX

Cxidant:
Ozone

Soil Type:
Fine sand

Point of Contact:
Mr. Anne Fijma

Mateboer Milieutechniek B.V.

Am bachtsstraat 27
Postbus 99

8260 AB Kampen, The
Netherlands

Tel: 011-31-38-3315020
Fax: 011-31-38-3320211
E-mail:
mateboer.kum pen @wxs.nl

A pilot test of micro-encapsulated ozone oxidation for
remediation of a deep plume of dissolved chlorinated solvents
in ground water was conducted in Utrecht, The Netherlands, in
1997. Micro-encapsulated ozone is emplaced in fine bubbles to
allow it to penetrate the subsurface.

Site Background

The field test took place in a small park midway on a long
plume of chlorinated solvents, primarily trichloroethene (TCE),
originating from a commercial building and extending over 800
ft across a predominantly commercial and residential area, The
plume lies in a thick fine-sand deposit containing gravel lenses. '
About one-half of the area of ground water overlying the TCE
plume was contaminated with benzene, toluene, ethylbenzene,
and xylene (BTEX) from a nearby fuel spill. Borings showed a
surface loam to 6 ft deep, ground water at 9 ft deep, fine sand
beginning at 19 ft deep, and clay from 124-130 ft deep. Initial
sampling at four wells indicated concentrations of halogenated
volatile organic compounds (HVOCs) from 1,450-14,500 ug/l.
and BTEX from 62-95 pg/l.. The mean concentrations were
3,000 pg/L HVOCs and 60 pg/l BTEX.

Technology Application
The test involved a C-Sparge™ well consisting of an in-ground

sparge point, an in-well sparge point, a packer and a fluid
pump, four monitoring wells, of previously installed mini-
wells, and a fire well. M ini-wells, commonly used in Europe,
are small points installed using cone penetrometer rigs to help
determine the position of the plume and function as part of the
monitoring sy stem. The C-Sparge™ system consists of a
comnbinztion of in situ air stripping, where the dissolved
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Mr. Ted Vendrig

Mureboer Milieutechniek B. V.

Steurstraat 7

Postbus 10174

1301 AD Almere, The
Netherdands

Tel: 011-31-36-5302410
Fax: 011-31-36-5301128
E-mail:

mateboer. aimerc@wxs.nl

chlorinated solvents are extracted from aqueous solution into
small bubbies, and the introduction of encapsulated ozone to
oxidize the contaminants. Water and fine bubbles were injected
from the lowest screen in the system (75 ft below grade), and
return water entered the middle screen (42 ft below grade), The
uppermost screen (8 ft below grade) collected the gases from
just above the water table to assure vapor control.

The cost of this field demonstration was approximately $35K.
This included placing the C-Sparge unit on site, a trailer to
house the work area and monitoring equipment, a generator
system for the blower unit, drilling, enclosing part of the site,
laboratory sampling, and report preparation. It did not include
the cost of installing the pre-existing wells.

Results

This field test ran for a 10-day period in April 1997. Its purpose
was to determine the rates of contaminant removal. A kinetic
analysis of the reaction rates was performed. HVOC
concentration for the well with 14,500 pg/. fell to below 1,000
ng/L during the test period. Mean BTEX levels were reduced
from 54 to 17 pg/L in the central monitoring wells. Full-scale
treatment is expected to bring these concentrations to a level
between acceptable commercial and drinking water levels.
Negotiations are currently underway to treat the entire plume.

Site-specific References

Kerfoot, W, B.; Schouten, C.J.J.M; and Van Engen-
Beukeboom, V.C.M ., “Kinetic Analysis of Pilot Test Resuits of
the C-Sparge™ Process,” Battelle, FFirst International
Conference on Remediation of Chlorinated and Recalcitrant
Compounds, Monterey, California, May 1998
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Dissolved Oxygen (DO)

Peterson/Puritan, Inc. Superfund Site, Cumberland, R!

Installation Date:
1996

Media:
Ground water

Confaninants:
Arsenic

Oxidant:
DO

Soil Type:
Sand, gravel

Points of Contact:

David J. Newton, RPM

Office of Site Remediation and
Restoration

U.S. EPA, Region 1

Y.F.K. Federal Bldg (HSV-
CANS)

Boston, MA 02203-2211

Tel: 617-573:-9612

Fax: 617-573-9662

E-mail:
newton.dave@epamail.epa gov

Laurie Sclama, PM
RI DEM
235 Promenade Street

Providence, RI 02908
Tel: 401-222-3872 x 7143

Fax: 401-222-3812

E-mail: Isclama@dem.state.f.us

An Oxidant Delivery System was installed in 1996 at the
Peterson/Puritan, Inc. Superfund Site in Cumberland, Rhode

Island, to reduce arsenic concentrations in ground water to less
than 50 pg/L.

Site Background .

The site continues to support general and specialty chemical
manufacturing industries. Historically, high organic-content
wastewater at the source area were disposed-through subsurface
leachfields. The 1993 Record of Pecision (ROD) specified that
part of the remediation include the construction and installation
of an in sire chemical oxidation system comprised of an
infiltration gallery for delivering oxy genated water to the
former leachfield locations and an above-ground oxidant
delivery system. Some wells in the remediation area indicated
concentrations of arsenic on the order of 1,000 pg/L. These
elevated levels of arsenic are, to a degree, the result of

reductive dissolution of the metal from native soil. The history
of the site indicates that arsenic has also been reported in the
wastewater streamn going to the leachfield. This oxidant

delivery system was constructed and became operational
following excavation and removal of leachfield soils from the

site.

Technology Application

A 35 x 65 ft infiltration gallery, a membrane-lined excavation,
which holds the oxy genated water allowing it to percolate into
the subsurface, was installed within the former leachfield at a
depth of 14 ft. M onitoring wells were installed within the
gallery, and the leachfield excavation was backfilled. Eleven
additional micro-wells were installed around the site. A
prefabricated treatment building was constructed on site, and
the Oxidant Delivery System, composed of a degassing skid, an
oxy gen dissolution skid, a degassing tank, and an oxy gen
dissolution tank was assembled in the building. The system
was designed to degas, superoxy genate, and inject municipal
water (at 8-9 gpm) into the aquifer. The goal of this app lication
is to increase ground-water dissolved oxy gen (DO} concentra-
tions to a level greater than 0.5 mg/L causing the arsenic to
precipitate and rendering it immobile. It is intended to reduce
the concentrations of dissolved arsenic and prevent its
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migration in the ground water. The long-term objective is to
return the geochemical balance of the site to its pre-leachfield
state, which includes some level of arsenic because it occurs
naturally in the native soil.

The total capital cost of the remediation is estimated at $1.4M .
This includes $620K for design, $460K for gallery installation
and system construction, and $320K for pilot startup. Annual
operations and maintenance costs, including sampling, utilities
and reporting are estimated to be $175K. Indirect costs, such as
project management and oversight, are included in these

figures.

Results :
The system was installed in 1996, a pilot test was performed in

early 1997, and full-scale operations began in April 1997, EPA
is assessing the success of this technology on an ongoing basis.
Data are being compiled for submission as part of the five-year
review, which is due in the 4th quarter of the Year 2000. No
data are currently available.

Site-specific References

U.S. EPA, Remedial Action Report, Peterson/Puritan
Superfund Site, prepared by ENSR Consulting and
Engineering, revised edition, March 1998
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Chemical Oxidation Using Potassium Permanganate

Fluor Daniel GTl is recognized as
a leader in deveioping and applying
advanced remediation
technologies. In recent years, we
have been at the forefront of
introducing new chemical oxidation
applications. We are currently one
of eniy four technology experts to
use potassium _
permanganate as an oxidant 3
in environmental
applications.

For decades, potassium
permanganate has been
used in the water and
sewage treatment industry 3
to oxidize and precipitate
dissolved metals and treat
sulfide odors. In 1997, the {}l
University of Waterloo #8
published research
confirming the chemical's i&
effectiveness  in  treating IRt
impacts to soil  and
groundwater.

Based on these firdings,
Fluor Daniel GT{ began its
own investigation of
potassium  permanganate
through ireatahility studies at ocur Remediation
Technology Testing Faciiity (RTTF). Favorable
laboratory results prompted our staff to conduct
field—piiot tests at applicable client sites to determine
the effectiveness of the chemical in expediting
groundwater restoration.

Potassium permanganate oxidizes solvents

Like other oxidants, potassium permanganate is
introduced into the subsurface to effect a chemical
reaction. This reaction causes target constituents to
oxidize and beceme nonhazardous.

re-intro.got

Fluor Daniel GT! scientists apply potassium
permanganate to groundwater during a fieid iest of instafling a full-scale system at the

the new chemical oxidation agent.

Fotassium permanganate has proven effective in
remediating chiorinated sclvents plumes, such as
TCE and PCE, as well as PAHs and BTEX, These
constituents can be difficult to treat, because they
are mobile in the subsurface and do not naturally
biodegrade. For example, TCE plumes have been
known to extend for a mile, inhibiting containment
and remediation. But by injecting potassium
permanganate intc existing
B groundwater pump-and-treat wells
or through hydrofracturing
W technigues, these plumes can be
¥ treated in a matter of days.

TCE reduced to non-detect
levels in 6 days

| To date, Fluor Danial GTI has
successfully conducted potassium
permanganate pilot tests at a site in
Australia and two US sites. At the
Australian site, the pilot test was
used {0 determine the effectiveness
for remediating TCE concentrations
S 25 high as 8,600 parts per billion. In
g8 iust 6 days, TCE concentrations

2 were reduced to below detection
limits. Due to the success of the
pilot test, the project team is

slte to expedite cleanup and avert
years of groundwater pumping.
This approach is contributing to a $7 million cost
savings for the client,

Conclusion

As our success applying this approach continues,
Fluor Daniel GTl is securing additional contracts for
chemical oxidation using potassium permanganate
at other chlorinated solvent sites. Several of our
current potassium permanganate projects are
described in greater detail in the following case
histcries.

FLUOR DARIEL GTI 5



Project Highlights

»  Implementing innovative chemical
oxidation and nutrient injection systems to
avert operation of traditional pump-and-
treat system, saving client estimated $7
million

» Reduced TCE concentrations in
groundwater to non-detect levels after 6
days of potassium permanganate field test

»  Conducting risk assessments and
developing predictive groundwater models
to support natural attenuation of residuals

Facility
Automotive components manufacturing site,
Australia

Regulatory Involvement

South Austratian EFPA, South Australian Health
Commission, and South Australian Water

Constituents of Interest
Petroleum and chlorinated hydrocarbons

The Problem

A property transfer triggered an environmenta! site
assessment at the manufacturing site, identifying
three on-site chiorinated hydrocarbon plumes, each
approximately 120 meters in length. Five petroleum
hydrocarbon plumes, as well as a number of smaller
MEK plumes, also were found co-mingled across the
site. On-site impacts also were identified as
migrating off-site to surrounding residential areas.

12/97

~In Sity:Remediation of -Autornét,lye Manuf_gctu;mg ;é-ite,

The Solution

Fluor Daniel GT| was contracted to develop a
remediation program that would address on-site
impacts while preventing further migration to
residential propetrties.

Chemical treatments target additional piumes
Qur project team prepesed a “hot spot” reduction
remedy for chlorinated hydrocarbons, consisting of
chemical oxidation. This process involves injecting a
chemical reductant, in this case potassium
permanganate, into groundwater. Once the chemical
comes in contact with the targeted contaminant, it
initiates a chemical reaction to oxidize the
contaminant and feave only frace concentrations of
chlorine, carbon dioxide, or hydrogen.

Fluor Daniel GTI conducted a pilot test of this system
to address TCE concentrations as high as 8,600
parts per billion (ppb). Six days after the potassium
permanganate addition, TCE concentrations were
reduced to below detection limits. We are currently
installing a full-scale chemical oxidation system
using potassium permanganate. This along with
other chemical treatment remedies is expected to
expedite closure and avert an estimated $7 million in
groundwater pumping costs. Other chemical
treatment remedies being explored include nitrate
injection and the addition of oxygen-releasing
compounds to address petroleum hydrocarbon
plumes.

"
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The Solution

Our client agreed to investigate impacts to several
city biecks under a state consent order and hired
Fluor Daniel GTl to lead the remedial investigation
and feasibility study (RIFS).

Pilot test nets significant contaminant reductions
During the FS, Fluor Daniel GTt conducted a field
test of chemical oxidation. This technology involves
introducing a chemical reductant into groundwater

Project Highlights for the purpose of initiating a chemical reaction. For
this project, we tested the addition of potassium
»  Conducted chemical oxidation field permanganate. .

test using potassium permanganate
addition 1o evaluate sffectiveness

in expediting groundwater
remediation

After a one-time addition of potassium
permanganate, chlorinated ethene concentrations in
the subsurface were reduced from 72 to 99.8
percent in just 21 days. Qur project team continues
to evaluate these resuits to determine if a full-scale

> Reduced TCE levels in grgundwater system is warranted for treating the groundwater
from 72 t0 99.8 percent in just 21 contaminant plume

days

Facility
Former manufacturing facility, Kansas

Regulatory Involvement
EPA Region Vil

Constituents of Interest
TCE and PCE

The Problem

Chiorinated solvents from former manufacturing
operations impacted portions of a 2,600-acre
downtown area earmarked for revitalization. Qur
client operated twe downtown factories for more than
8C years and, as 2 result, was targeted for cleanup
costs.

. LN
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Project Highlights

»  Secured ROD amendment for use of
alternate soil technology, thermally
enhanced SVE augmented by
groundwater pump-and-treat

»  Achieved soil cleanup levels in 2 years of
active remediation— 3 years ahead of
project schedule

»  Conducted field test of potassium
permanganate addition, resulting in
reductions of TCE, PCE, and xylene
tevels by 80 percent

Facility
Former solvent recycling facility, Maine

Regulatory Involvement
Federal Superfund program under EPA Region |

Constituents of Interest
Solvents

The Problem

The site of a former solvent recycling facility is
impacted by high concentrations of sclvents in tight
soils and groundwater, earning it a place on EPA's
National Priorities List. The original Record of
Decision (ROD) for this site dictated excavation and
off-site incineration of impacted soils.

inganate Addition at Superfu

The Solution

To reduce our client's environmental cleanup costs,
Fluor Daniel GTI1 propesed an innovative thermally
enhanced soil vapor extraction (SVE) system,
augmented by pump-and-treat in a preliminary
design report to EPA. This recommendation resulted
in a ROD amendment approving the use of this
alternate technology, which is expected to reduce
cleanup costs by an estimated $4 million and
eliminate 20 years of groundwatar pumping. This
work is being conducted under a lump sum coniract
with performance guarantees that specify soil and
groundwater cleanup within 5 and 7 years,
respectively, of system start-up.

Innovative technology expedites soil cleanup
Fiuor Dantel GT1 designed, installed, and is
operating the SVE and pump-and-treat system. The
SVE system is enhanced by an innovative hot air
injection process for volatilizing difficuit-to-treat
contaminants, such as DMF. [n just 2 years of
operation, soil levels were reduced io the established
closure goals. This is 3 years ahead of our projected
schedule.

Potassium permanganate proven effective

While operating the groundwater pump-and-treat
system, cur project team evaluated additional
technologies that would expedite groundwater
cleanup. For exampie, Fluor Daniel GTl conducted a
3-month fieid test of a potassium permanganate
addition—one of the largest field tests conducted for
this technology. Once added to groundwater via a
series of 26 pump and vent wells, the chemical
remains stable and mobile until coming into contact
with double-bonded contaminants, such as TCE,
PCE, and xylenes. Upcn contact with these
contaminants, oxidization occurs leaving only trace
concentrations of chlorine, hydrogen, or carbon
dioxide. Our field test data confirmed the
technology's effectiveness in reducing chlorinated
solvent concentrations by more than 80 percent.

Conclusion

Fluor Daniet GT1 will present field data to our client
and regulators in an attempt to receive approval for
the long-term addition of this oxidizing agent t¢ on-

[
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site groundwater. If successful in receiving
regulatory approval, this chemical addition is
expected to expedite groundwater cleanup by a
number of years.

[ %
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1.0 Initial Characterization of Site Groundwaters and Soil

Two, 4-liter (L} samples of moderately contaminated groundwater (MW-1 and MW-4), 20 L of highly
contaminated groundwater (MW-3), and a 3.5 gallon pail of highly contaminated site soils (SVMP-12)
were received at the Technology Applications Laboratory (TAL) in Knoxville, TN, on January 8, 1999. At
the TAL, the two moderately cantaminated groundwater samples were composited for testing, and three,
40- millititer (mL) VOA vials were filled with zero headspace with the composited groundwater. The highly
contaminated groundwater was sampled in the same manner. Each groundwater was analyzed in singlet
for VOCs by EPA Method 601. The highly contaminated groundwater was also analyzed in singtet for
BTEX and PAHs. The soils were screened to a uniform size, mixed to apparent homogeneity, and
analyzed in singlet for VOCs by EPA Method 8010 as well as for BTEX and PAMs. An analytical turn-
around-time of two days was used with the Initial Characterization samples.

All testing stoichiometries were based on the following resuits of initiai sample characferization:

Highly contaminated groundwater 240 mg/L. PCE
Moderately contaminated groundwater composite 15.1 mg/L PCE
Sail 75.3 mg/kg PCE

20 Chemical Oxidation Treatability Study

While potassium permanganate is expected to effectively treat the chlorinated ethenes present, it will also
be consumed by other suitably oxidizable compounds such as metals or other organics present in site
soils and groundwater. Soil and groundwater slurries and soil columns were used in these experiments.
The chemical oxidation treatability study was conducted in three separate phases as described in the
sections below.

2.1 Slurry Permanganate Test

The treatability protocol called for reacting a 50% soii and groundwater {highly contaminated) slurry at
three different permanganate concentrations (3, 10, and 15 times PCE stoichiometry). The reaction of
permanganate.on PCE at each oxidant concentration was monitored by periodic sampiing over a 48 hour
period. At each sampling point, the reaction mixture was chemically quenched with a stoichiometric
amount of ferrous chloride to react with 100% of the permanganate that was added, and the slurry was
fractionated into soil and agueous phases by centrifugation. Representative soil and aqueous samples
were then analyzed. Table 1 presents the basic experimental design.

Each sample point in the experiment was set up in individual 250 mL centrifuge bottles using 220 mL of a
50% (wt soil to total volume) soil/groundwater slurry. An appropriate volume of a stock 5% permanganate
solution (as potassium permanganate) was added to each bottle to produce the desired final
permanganate concentration. Approximately 30 mL of headspace was left in each bottle to ailow for
slurry mixing, and all centrifuge bottles were mixed continuously on a shaker table until sampled. Ateach
sampling point, one bottle from each permanganate concentration was sacrificed for analysis. Each bottle
was opened and a small sample was withdrawn to test for ORP and unreacted permanganate,
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Tabie 1.

Soil and Water Samples
Test Condition {Time In hours)

0 2 4 & 24 | 48

Control (unquenched) XX X X
Control {(quenched) X X
Permanganate at 3X Stoichiometry X X X X X
Permanganate at 10X Stoichiometry X X X X X
Permanganate at 15X Stoichiometry X X X X, | X

The remaining slurry was guenched with a ferrous chloride solution, and the bottles recapped and
centrifuged to produce separate soil and aqueous fractions. The aqueous fraction was removed for
analysis, and the remaining soil fraction mixed with 110 mLs of methanol. The methanol slurry was mixed
and then centrifuged. A methanol aliguot was sent for analysis to represent the concentration of PCE in
the soil,

Control samptes (no permanganate added) were analyzed in duplicate at T = 0 and in singlet at T = 24
and T = 48 hours.

2.2 Groundwater Oxidation Testing
Two different groundwater samples were individually tested with permanganate.
2.21 Moderately Contaminated Groundwater

Moderately contaminated groundwater was tested at a permanganate to PCE stoichiometry of 3:1 using
250 mL VOA bottles with septum caps. The starting concentration was supposed to be ~i5 PPM;
however, the concentration of PCE in the bottles after set-up was too low (< 1 PPM) to gather meaningfui
data.

2.2.2 Highly Contaminated Grouhdwater

The effects of permanganate oxidation on highly contaminated groundwater were monitored during this
test. The highly contaminated groundwater was tested at a permanganate to total contaminant
stoichiometry of 3:1 using appropriately sized bottles with septum caps. A suitable volume of composited
groundwater was placed into each of 12 bottles and the bottles capped. Two of these bottles were
analyzed to provide the Time Zero concentrations of PGE in the liguid. Two other bottles received an
injection of ferrous chloride quenching solution through the septa at a stoichiometry of 100% of the
permanganate to be added. These bottles were analyzed for PCE concentrations to establish whether the
quenching solution had any direct impact.

AMSRSRPT3 doc
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To the remaining eight VOA bottles, an appropriate volume of permanganate soiution was added with a
syringe to achieve the desired 3:1 stoichiometric ratio. At sampling points of 0.5 hours, 1 hour, 2 hours,
and 4 hours, two reactive bottles were each sampled using a syringe to remove soiution for ORP and
unreacted permanganate testing. The remaining liquid in each bottie then received a 100% stoichiometric
amount of quenching solution, based on the original permanganate used, injected by syringe. Ail control
and quenched bottles had their liquid PCE concentrations determined by analysis,

23 Soil Column Testing

Four, 2" outer diameter by 18" height glass soil columns were used for this test, Each column was filled to
a height of approximately 12 inches with a processed site soil/sand mixture (approximately 1 kilogram of
solids per column, estimated at 80:40 by weight of sand:soll). Two “Time Zero” soil samples were taken
for analysis when the columns were constructed. A continuousty working recirculating water system was
employed to keep each column flushed with pore water at a rate of approximately 5 mt.s/min. The pore
water volume of the columns was determined to be 220 mLs. A volume of 270 mLs {sufficient liquid for
recirculation and sampling) was applied to all four columns.

As will be discussed later, the PCE concentration in the columns was too low to be effectively tested. The
four columns that were run evidenced significant consumption of permanganate. The columns results are
useful in examining the fate of permanganate.

Column #1: This column served as an experimental control. At the beginning of the experiment, one
working volume (270 mLs) of distilled water was added to the column. This volume of liquid was
recirculated through the column for a period of seven days.

Column #2: This column evaluated permanganate oxidation at a permanganate to PCE stoichiometry of
10:1. At the beginning of the experiment, one waorking volume of appropriate strength permanganate
solution was added to the column. The volume of liquid was recirculated through the column for a period
of two days. A small sample of the pore water was collected and analyzed for unreacted permanganate
on a daily basis. The water was colorless at the end of the second day (permanganate reacted).

Column #3: This column was a duplicate of Column #2, but was operated for a period of 7 days. The
water was colcrtess at the end of the second day (permanganate reacied),

Column #4: This column evaluated permanganate oxidation at an increased permanganate to PCE
stoichiometry of 20:1. At the beginning of the experiment, the working volume of appropriate strength
permanganate solution was added to the column. The volume of liquid was recirculated through the
column for a period of seven days. A small sample of the pore water was collected and analyzed for
unreacted permanganate on a daily basis. The water was colorless at the end of the sixth day
(permanganate reacted).
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3.0 Results

Four tests were attempted. Two, the slurry test and the highly contaminated groundwater test, were
successful. The other two tests, the moderately contaminated groundwater and the column tests were not
successful, as the initial PCE levels were too low to provide meaningful data. The column tests, however,
provide useful information on the fate of permanganate in the soil at the site. The data for all four tests
are included in Tables 2 to 4.

3.1 Soil Slurry Test

Figures 1, 2, 3 and 4 depict the oxidation of PCE in the soil sturries. Figure 1 depicts the results for the
water phase; Figure 2, the soil phase; and Figure 3, the permanganate consumption. Figure 4 compares
the oxidation of PCE and the consumption of permangante. The data for the soil slurry studies is in Tabie
2. -

As shown in Figure 1, the reaction in the slurry phase takes at least 2-4 hours to see significant
reductions in the water phase. This is probably due to the continued desorption of PCE from the soil.
Once the soil level is reduced the groundwater concentration is also reduced. The importance of this
desorption phenomenum is shown for the 3X sample. Initially the water concentration rises after the
addition of the permanganate.

The oxidation of PCE in the soil phase (Figure 2) is a little slower than in the water phase. The 3X run
shows an initial rapid drop in PCE followed by a more gradual decrease. This may be due to either
desorption or due to the consumption of permanganate.

Figure 3 depicts the decrease in permanganate with time. In all studies (3X, 10X, 15X) the
permangante concentration in the slurry decreased with time. In the case of the 3X study, the
permanganate was 85% gone by 24 hours. By contrast, the 15X study was only 33% gone after 48 hours.
The loss of permanganate indicates that it is reacting with materials other that PCE. Most likely, it is
reacting with reduced iron in the saprolitic soif. The loss of permanganate seems to impact the oxidation
of PCE,

Figure 4 compares the loss of permanganate (% of initial) with the oxidation of PCE (% of Initial). The 3X
run shows that permanganate decreases as fast as PCE. Once the permanganate is consumed, PCE
oxidation also ceases. It would appear that maintaining a large excess of permanganate is important for
maximizing reaction efficiency. ‘

The clesure goals for the remedial syétem are < 100 xg/L VOC and a >90% reduction in VOCs in soil and
groundwater. Using this as a criteria of success, the following table shows that the 3 X test did not
completely meet the criteria, because the soil reduction was above target,

Table §
| Control | 3X 10 X 15 X
|GW Conc (< 100 PPB) 6,100 | 920 60 20
i% Red Soil (> 90%) 381 1 862 97.9 083
% Red GW (> 90%) | 823 I 973 89.8 99.9

Both the 10X and 15X runs were able to meet the closure criteria.
AANSRSRPT3.doc
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3.2 Groundwater Study

Table 3 and Figure 5 depict the oxidation of PCE in highly contaminated ground water with a 3x
stoichiometry. As can be seen, the reaction is rapid and complete. The PCE is essentially gone after 1
hour. Figure 6 compares PCE oxidation with the permanganate usage. In contrast to the slurry studies,
there is no excess consumption of permanganate after the PCE is oxidized. This indicates that the soil is
the cause of the permanganate loss in the slurry study.

3.3 Soil Column Study

The soit columns yielded no meaningful data on PCE oxidaticn, as the initial PCE concentrations were
low (<100 ug/Kg). However, the study did further confirm that the soil actively reacts with permanganate.
The results are given in Table 4 and depicted in Figure 7. As can be seen with both the 10X and 20X
columns the permanganate is consumed. With the 10X column, itis gone in 1 day. With the 20X column,
it is significanily reduced after 1 day and is completely gone in 6 days. ”

4.0 Conclusion

Potassium permanganate is able to oxidize PCE in soit and groundwater from the W.P. Baliard
Greensboro, NC site. Properly applied, permanganate oxidation can achieve the target closure goals of
<100 pg/L VOCs and >90% mass removal. However, the permanganate also reacts with the soil matrix,
resulting in a loss of permanganate and a decrease in PCE oxidation. As can be seen in the following
table, the soil consumes about 1.8 mg of KMnO, per gram of sail. Permanganate additions below this
amount result in complete loss of permanganate and incomplete reaction with PCE. The reaction of
permanganate with PCE and the sail are competitive reactions.

Table &
Experiment . Ratio: - S Rat Observation
mg KMnO, Added per. | ‘mg KMnOj;consur e
g Soil used LT g Soil Used. . ROl
3X Slurry 1.0 1.0 Fermanganate 92% decreased
in 48 hours
10X Sturry 3.7 1.8 Permanganate 50% decreased
in 48 hours
15X Slurry 5.4 1.8 Permanganate 33% decreased
in 48 hours,
10X Column 0.35 0.35 Permanganate completety
gone in 2 days
20X Column 0.70 0.70 Permanganate completely
gone in 6 days

However, it appears that the PCE reaction is faster. Maximum efficiency for PCE destruction can be
obtained by adding excess permanganate to overcome the soil demand. This demand is approximately 5
i KMnO, per yd® of soil treated. This needs to be added in addition to any stoichiometric requirement
based on the PCE concenfration present.

ANSRERPT3.doc



Table 2

Soil/Groundwater Slurry Permanganate Tests - Batch Treatment
W.P. Ballard Property & Surrounding Properties

Highly Contaminated Groundwater:

KMnO4:PCE stoichiometry based on groundwater at 240 mg/L and soil at 75.3 mg/kg

Initial KMnO4 Cangc. (mg/L):

3x Stoichiometry = 793
10x Stoichiometry = 2548
15x Stoichiometry = 3727
PCE Conc. KMnO4
Stoich. Water Soil Conc.

Sample {x) Time (hr) {ma/L) {ma/kg) (mg/L)y |ORP (mV)

TO - Control A 0 0 345 41.7 0 373

TO - Control B 0 0 31.0 39.8 0 370

T24 - Control 0 24 10.5 42.4 0} 385

T48 - Control 0 48 6.1 25.8 0 372

T24 - Quench Control §] 24 9.88 416 0 248

T48 - Quench Control 0 48 6.3 25.0 0 252

T2 3 2 41.7 311 530 864

T4 3 4 18.1 16.8 450 883

T8 3 8 9.3 16.2 360 870

T24 3 24 1.43 7.54 120 839

T48 3 48 0.92 572 60 813

T2 10 2 14.2 11.4 2470 903

T4 10 4 3.71 6.90 2160 909

T8 10 8 1.01 4.88 2180 905

T24 10 24 0.20 1.5 1730 895

T48 10 48 0.060 0.87 1270 857

T2 15 2 4.90 7.1 3700 915

T4 15 4 2.16 8.85 3320 923

T8 15 8 0.62 3.8 3430 913

T24 15 24 0.080 0.97 3190 913

T48 15 48 <040 0.71 2480 920




Table 3

Soil/Groundwater Slurry Permanganate Tests - Batch Treatment in Duplicate

3:1 Stoichiometry KMnO4:PCE based on groundwater at 240 mg/L

W.P. Ballard Property & Surrounding Properties

PCE Conc. {mg/l.) KMnO4 Conc. {mg/L) ORP (mV)
Time | PCE Conc. Dup. Dup. KMnO4, Dup. Dup.
Sample (hr) (mg/L) B A {mgfl.) A B
TO 0 485 900 1500
T1 0.5 0.38 0.38 1000 1100 969 979
T2 1 0.035 0.53 1100 1200 998 1003
T3 2 0.011 0.015 1200 1200 1009 458
T4 4 0.053 0.017 1100 1200 1012 1009
TO - Control 4 380 580 :
Q4 - Quench Rgt 4 380 440
Moderately Contaminated Groundwater:
3:1 Stoichiometry KMnO4:PCE based on groundwater target of 15,1 mg/L
PCE Conc. {(mg/L) KMnC4 Cone. {mg/l) ORP (mV)
Time Dup. Dup, Dup. Dup. Dup. Dup.
Sample (hr) A B A B A B
T0 0 60
T1 0.5 0.43 0.19 80 74 726 736
T2 1 0.49 0.15 79 74 712 720
T3 2 0.57 0.54 75 77 753 725
T4 4 0.54 0.38 52 75 856 723
TO - Control 4 0.97 1.05
Q4 - Quench Rgt 4 0.97 0.89




Table 4

Soit Column Testing

W.P. Ballard Property & Surrounding Properties

Sand:Soil Mixture - 60:40 with pore volume of Highly Contaminated GW (240 mg/l. PCE)
Approx. 1 kg solids and 270 mL liquid

PCE Conc.
Soil Dup.  SoilDup. KMnO4
Stoich. Water A B Conc.
Sample {x) Time {day) (mg/L) {ma/kg) {mg/kg) {mg/L)
TO - Sand/Soeil 0 0.075 0.066
Control Column:
Initial Water 0 0 0
1-Day Water 0 1 0.3
2-Day Water 0 2 0.1
3-Day Water 0 3
4-Day Water 0 4
5-Day Water 0 5
6-Day Water 0 8
7-Day Water/Soil 0 7 0.040 <.020 <020
2-Day Column:
Initial Water 16 0 1300
1-Day Water 10 1 83
2-Day Water/Soil 10 2 0.064 0.029 0.039 0.4
7-Day 10:1 Column:
Initial Water 10 0 1300
1-Day Water 10 1 78
2-Day Water 10 2 0
3-Day Water 10 3
4-Day Water 10 4
5-Day Water 10 5
6-Day Water 10 6
7-Bay Water/Soil 10 7 0.080 <.020 <.020
7-Day 20:1 Column:
Initial Water 20 0 2600
1-Day Water 20 1 700
2-Day Water 20 2 255
3-Day Water 20 3 178
4-Day Water 20 4 89
5-Day Water 20 5 36
6-Day Water 20 6 39
7-Day Water/Soll 20 7 <0.04 <.020 <.020 1.5



PCE in Water Phase, mg/L

Figure 1: PCE Oxidation, Soil Slurry
Water Phase
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PCE in Soil Phase, mg/Kg

Figure 2: Oxidation of PCE, Soil Slurry
Soil Phase
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Pilot Geoprobe Application Test Report April 30, 1988
W.P. Ballard Property, Greenshoro, North Carolina Page 3

1.0  Objectives

IT Corporation performed a pilot test to determine the feasibility of applying liquids into the subsurface
using a Geoprobe, at the W.P. Ballard Property site. The objectives of the pilot test were three-fold:

1. To determine the maximum depth attainabte using the Geoprobe at each boring location, and the
total time necessary to probe to the maximum depth (max. overall depth 85 feet) at each location;

2. To determine the flow rates and delivery pressures during liquid application at different application
depth intervals; and

3. To determine areas of difficulty with the application process and/or equipment which will allow for

improvements prior to the actual application event,

2.0 Planning

in planning the pitot test, three boring locations were selected. One boring location was selected on the
existing Phenix Supply site (ITP-1). One boring location was selected adjacent to the former Axton-Cross
buiiding (ITP-2). One boring location was selected adjacent to the loading dock on the west end of the
former SL.S building (ITP-3). Based on data obtained during the installation of soil vent wells on the Ballard
property, and data obtained during the installation of previous Geoprobe borings at the site, it was decided
that only two application test points would be utilized during the pilot test (ITP-2 and ITP-3). The locations
of the Geoprobe points are shown on Figure 1.

3.0 Test Execution

The pilot test was conducted on March 25 and 26, 1999. Geologic Exploration was the Geoprobe
subcontractor. Geoprobe Systems sent a representative to the site to assist with the application test, and
to evaiuate the application plan to determine how they will modify their equipment to improve the
application process.

The first application test boring was ITP-2, which was located adjacent to the former Axton Cross building.
The second application test boring was {TP-3, which was located adjacent to the NW corner of the loading
dock on the former Sears building. At boring [TP-2, probe insertion was halted at approximately 64 feet
below grade, however, probe refusal was not encountered. The total probe insertion time to depth at this
location.was approximately 20 minutes. At boring ITP-3, probe insertion was haited at approximately 46
feet below grade, at probe refusal. The total probe insertion time to this depth was approximately 25
minutes. It should be noted, however, that at boring ITP-3, some time was spent attempting to penetrate
to depths greater than 46 feet.

To facilitate fiquid application, a Geoprobe grout application pump was utilized, This system consists of a
12.5 gallon tank (hopper), and a hydraulically operated positive displacement pump. The grout application
pump was connected to 1.25 inch (OD) Geoprobe rods via high pressure hose. The probe rods were
connected to a Geoprobe "Zero-Contamination Groundwater Sampler” unit. This unit consists of an
expendable drive tip, and a two-foot section of stainless steel, continuous slot screen. The screened
interval remains closed until the desired depth is attained. Once the desired depth (64 feet below grade,
initially) was attained, the drive rods were retracted 2 feet, which causes the drive tip to separate and the
screened interval {o be exposed.

Unalterec city water (obtained from Phenix Supply} was the liquid injected. The water was temporarily
stored in & clean, polyethylene tank prior to use. Liquid application began at a depth of 64 feet below
grade. Upon completion of the each application interval, the drive rods were raised five or 10 feet and the
application process was repeated.  During application, delivery pressures and tiquid flow rates were
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monitored. These application data are presented on Tables 1 and 2. Test data are also graphically
represented on Figures 2 through 9. Raw test data sheets are included in Appendix A. Select
photographs taken during the pilot test are included in Appendix B.

In addition to the application testing, four additional borings were installed at the locations indicated on

Figure 1. The purpose of these points was to determine the maximum depth attainable using direct push
technology at different areas of the site,

4.0 Results and Conclusions

Exarnination of the data collected during the application test results in the following conclusions:

. The application of a liquid with a viscosity and density similar to that of water can be accomplished
a the site using a Geoprobe;
e Fluid application can be attained horizontally into the formation which may serve as to create

“microfractures” within the native material during application. These “microfractures” could assist
in the distribution of the axidant within the aquifer unit;

. The average liquid flow rate and average delivery pressures using the Geoprobe grout application
system are 1.59 gpm at 140 psi. Higher delivery pressures could result in higher application flow
rates,

. The data suggest that the delivery pressures and flow rates are primarily controlled by two factors:

1) The bore and effluent orifice sizes of the application tools and 2) the geologic/hyrdrogeologic
characteristics of the native material within the zone of application. The use of application tools
with larger bores and larger effluent orifices could result in higher appilication fiow rates at
corresponding lower delivery pressures;

» The maximum attainable depth using direct push technology at the site is concluded: 1) To be
greater than 65 feet, in the area of Phenix Supply and the Axton Cross Building; 2) Approximately
60 feet in the parking lot area between the Axton Cross Building and the former Sears building;
and 3} Approximately 36 to 50 feet in the vicinity of the loading dock of the former Sears building.
These depths are assumed to be equivalent to the surface of competent bedrock beneath the site,
and seem reasonable based on differences in topographic elevation across the site.
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Figure 2
Geoprobe Application Test (ITP-2)
Changes in Injection Time with Depth
March 25, 1999
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Figure 3
Geoprobe Application Test (ITP-2)
Flow Rate Changes with Depth
March 25, 1999
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Figure 4
Geoprobe Application Test {ITP-2)
Changes in Delivery Pressure with Depth
March 25, 1999
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Figure 5
Geoprobe Application Test (ITP-2)
Changes in Back Pressure with Depth
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Figure 6
Geoprobe Application Test (ITP-3)
Changes in Injection Time with Depth
March 25, 1999
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Figure 7
Geoprobe Application Test (ITP-3)
Flow Rate Changes with Depth
March 25, 1999
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Figure 8
Geoprobe Application Test (ITP-3)
Changes in Delivery Pressure with Depth
March 25, 1999
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Figure 9
Geoprobe Application Test (ITP-3)
Changes in Back Pressure with Depth
March 25, 1999
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Table 1

W.P. Bailard Property
Greensboro, North Carolina

Summary of Injection Test Data (ITP-2)

March 25, 1998

Stop Time

inj. Volume Start Time Total Time | Flow Rate | Delivery Pressure Back Pressure Depth Interval

12 1247 1254 7 1.71 120 35 -9
12 1236 1244 8 1.50 120 40 -18
12 1223 1232 9 1.33 80 40 -29

12.5 1209 1218 9 1.39 120 40 -39
24 1145 1203 18 1.33 120 40 49
23 1126 1141 15 1.53 120 40 -59
25 1105 1120 15 1.67 220 10 -63




Table 2

W.P. Ballard Property
Greensbora, North Carolina

Summary of injection Test Data (ITP-3)
March 25, 1998

Inj. Volume Start Time Stop Time Total Time | Flow Rate | Delivery Pressure | Back Pressure Depth Interval
12 1525 1532 7 1.71 130 20 -4
12 1513 1520 7 1.71 150 20 -13
12 1500 1507 7 1.71 160 40 -23
12 1448 1456 7 1.71 180 60 -34
12 1436 1442 6 2.00 200 70 -44
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Geoprobe Injection Pilot Test Data

SiteName: Seavs SUS Technician: Tee B
Location: £ So Subcontractor Name: (oo Epc {émb: Syr.
Date of Test: iY/yq
Type of Fluld Injected: adeyfeo
Density: Lighter than water
Same as water _—E_-I
Heavier than water
Injection Interval IGallonz ?:art Stop II:JeIIvery ;Eow
interval Depth njecte " Time Time ressure ate Comments
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Geoprobe Injection Pilot Test Data

Site Name: S¢S Greenséprp Tachniclan: A.
Location: Wb ol L 1 ) Subcontractor Name:
Date of Test: 3-29~ 79

Type of Fluid Injected:

Density: Lighter than water
Sarne as water
Heavier than water

epr——

——:

Injection Interval Gallons Start Stop Delivery Flow

Interval Dapth Injacted " Time Time Pressure Rata Comments
1 56 /2 /436 7792 zoa/?o‘ .0 -5
2 13" |12 vy tvre w/eo | L7 | 35~ 367
3 26’ [2__l/se0  |/15OF cliga/%0 | Les | ar-24°
4 16 [ /3713 /520 |rsgfap | LGvy | /o146
5 6’ [A sas™ /53R /38/20 | [65 | 0—0
6
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IT Corporation
Photographic Record

Client: Sears SLS Project Number: 107535

Site Name: W.P. Baliard Property Site Location: Greensboro, NG

Photographer:

K. Ogden

Date:

3/25/98

Direction:

na

Comments:

View of complete
Geoprobe application
cenfiguration
(application point is in
the left foreground)

Photographer:

K. Ogden

Date:

3/25/89

Direction:

na

Comments:

View of Geoprobe grout
application unit.




iT Corporation
Photographic Record

Client: Sears SLS Project Number: 107535
Site Name: W.P. Ballard Property Site Location: Greenshboro, NC
Photographer:

K. Ogden

Date:

3/25/99

Direction:

Comments:

View of Geoprobe
sulisurface application
tools, Unfi onrightis a

new application tool
currently under
development/modifi-
cation

Photographer:

Date:

Direction:

Comments:
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e e
City of Greensboro

A ainistration N . :”;/
3 )373-2038 March 29, 1999 Jﬂ MAR 5o gy )

WA "“-u-a‘.._.,_‘ o
el

Ze-tomer Service

3 373-2344 Mr. Chris Cuomo
1000 Perimeter Park Dr Suite |
Morrisville, N C 27560

ater Supply
7 shell Plant Re: 2701 Branchwood Dr
: })373~5855
. insend Plant
336) 375-2230

Dear Mr. Cuomo:

City water and sewer serve the above property. This is inside the City limits.

v e Reclamation .
vih Buffalo Plant If you have any questions, call me at 336-373-2055.
336) 373-5913
.7, Osborne Plant
3 3732240

Sincerely,

| 2 W '
20
Tonstruction & é /&dﬁ/’&,w

vi«intenance

313732033 Eleanor Clark
Services Specialist

vater Conservation
1MUY 574-3583

P. 0. Box 3136, Greensboro, NC 27402-3136 » www.ci.greensboro.nc.us o Fax (336) 412-6305 o TDD (336) 373-237%




B3/31-99 11:49
MAR 31 *99 99:34 FR FLUDR DANIEL GT|

GREENSBORD WATER RESDURCES -~ 919 467 2299
919 467 2299 TD 13364126385

/% K'C,)? ELLs C/()ﬁ/'f’

Please indicate whether the following properties utifize water and sewer from the City of Greensboro:

2414 Battleground Avenye, Greensboro, NG
2448 Battleground Avenue, Greansboro, NC
2500 Battleground Avenue, Greensborm, NC
2506 Battleground Avenue, Greensboro, NG
2504 Battleground Avenue, Greensboro, NC
2514 Battieground Avenus, Greensboro, NC
_ 2705 Branchwood DOrive, Greensboro, NC
2600 -2608A-Branchwood Drive, Greensborg, NC
| 2807 Branchwood Drive, Greensboro, NC
2800 Branchwood Drive, Graensboro, NC
2225 Qak Hill Drive, Greensboro, NC
2223 QaK Hiit Drive, Greensbaro, NC
2221 Oak Hill Drive, Greensboro, NC
2217 Oak Hiil Drive, Greensboro, NC
2213 QOzk Hill Drive, Greensbera, NC
2211 Qak Hili Drive, Greensboro, NC
2209 Oak Hill Drive, Greensborg, NC
2207 Oak Hill Onive, Greensboro, NC
2903 Lawndale Drive. Greensbaro, NG
2906 Lawndale Urive, Greensboro, NC
2802 Lawndale Drive, Greensboro, NC
2900 Lawndale Drive, Greensbore, NC

YES l/

YES
YES_%
YES
ves%
Yes

vesu/

YES_2—77
vesol
YES
YES_ Y _
YES

v
ves_v_

YES_ /.
YES_{/~ __
YES_ _
YES T _
YES
YES
YES

YES Yy
vEs_i”

2828 Lawndale Drive, Greensboro, NC YES

2820 Lawndale Drive, Greensboro, NC YES...__
Complefed By: .

Department: e j;:; W7 ? 20 Nl ea” AJQ/W\
Date: 3 - 3/ - 9 ?

MAR 31 '99 1@:29

338 412 8RS

NO
NQ
NO
NO
NO
NG
NO
NO
NO,
NO.
NO
NO
NO
NO,
NO
NO
NO
NO
NO
NO
NO
NO.
NO

NO_

|

|

A

3

A

ARk

|

wie TATOL

Porie

MO, 9§37 o]

P.B2s22

SEE
TELEPHONE Lo
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1
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Tel: (919) 467-2227

Fax: (919) 467-2299
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Sodium Permanganate information
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AOUTES OF EXPOSURE

1. Inhalation
Acute inhalation toxicity data are not available; however, airboma concentrations of sodium pamanganate in the form of mist, or spray

may cause damage to the respiratory tract

2. gkin Contact
Sodium permanganate solution is very initating o the skin,

3. Eyn Copact
Sodium penmnganaﬁesoiuﬁonisconoﬁvetameeyeoncomam.!tmaycameswerebwmttmmultindamagetomeeye.

4. Ingestion
Sodium permanganate solution, if swallowed, may cause severa bums to mucous membranss of the mouth, throat, esophagus, and
stornach.

EFFECTS OF OVEREXPOSURE -

1. Aculs Qverexpasure
Iritating 1o body tissue with which it comss in contact.

2. Chronic Overaxposira
No known casss of chronlc manganese poisoning due to sodlum permanganate or other permanganates have been reported. Pratonged

exposure, usually over many years, to heavy cancentrations of manganese oxides in the form of dust and fumaes, may lead to thronic manganese
poisoning. chiefly Involving the central nervous system.

3. Caminoganicity
Sodium pmnanganatesotmmhasmtbemdassiﬁedasacamlnogenbyosm NTP, JARC.

4. ons j ravatad re
Sodium permanganate will cause further Imitation of tissue, open wounds, bums or mucous memtranes.

EMERGENCY AND FIRST AID PROCEDURES

1. Exes
mmdiaie}yfhmh&yaswiﬁ‘nhrgeamumsofw:x.mrforax:emwn‘ﬁmzesrﬂkﬁngﬁdsaparttoenswaﬂushmsfﬁmmﬁresurface. Do
not atlempt 1o neutralize chemically, Seek modical attention immediataly. Note 1o physician; Decomposttion producis are alkssine.

2. Skin | S Seals i -

Imneﬁate}ywashmmmeaswmplmyotwamn Remove conteminated clothing and footwear, Sea SECTION VIl Warning OTHER

PROTECTIVE EQUIPMENT, Seeck medical attentlon immediately if irritation develops, ’

3. Inhalation
Get person out of contaminated area o fresh air. If breathing has stopped, resuscitate and administer oxygen if readily avallable. Seek
medical attention immediately,

4. Ingastion
NEVER give anything by mouth to an unconscious or convulsing person. Give large quantities of water, i aveilable, give several glasses

of milk of lemon or arange juice. Sesk medical help immediately.

sf? ResponsibleCare’

A Public Commitment
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Sectionlv Hazardous Ingredients
ial or component CAS No.* % tiazard_Data
Sodium Permanganats  10101-50-5 40% rmin. PEL™ G § mg Mn per cubic metsr of air

TLV-TWA™ 0.2 mg Mn per cubic meter of air

= OSHAPermitsiia Exposura Limit, manganess compounds (cusessed 43 M) ZBCER1910,10002.A1,
- Arneriomc‘nniermeeoiGovormmhdmidHrgim‘m1938n589.fummmommmmpouma.mmasm.n\kmnummwﬁymmmmmu.
mdmmymawﬂomwm&wMnuwanwmmybcmmdymmmyakarday.mmmoﬁm.
- mmﬂm«mmwmwmwmdmwmycimm.

BOILING POINT, 760 mm Hg 105°
VAPOR PRESSURE (m Hg) Not appiicable

SOLUBILITY IN WATER % BY SOLUTION Miscible in all proportions with water

SPECIFIC GRAVITY 1.36g/ml

PERCENT VOLATILE BY VOLUME 80% (as water) -
MELTING POINT Not Applicable

APPEARANCE AND ODOR Dark purple solution, odorless

STABILITY Undar normal conditions, the materal is stable.
CONDITIONS TO AVOID Contact with Incompatibis matedals or heat (185°C/275°F)

INCOMPATIBLE MATERIALS Contact with acids, peroxides, and all combustible organic or readily oxidizable matersals including inorgaric
oxidizable materials and rmetal powders. With hydrochloric acid, chiofine gas is liberated.

HAZARDOUS DECOMPOSITION PRODUCTS When involved in fire, comosive fumes or smaoke may be formed,

CONDITIONS CONTRIBUTING TO HAZARDOUS POLYMERIZATION Material is not known 10 polymerize.

Spi

STEPS TO BE TAKEN IF MATERIAL IS HELEASED OR SPILLED .

Contain spill by collecting the liquikd in a pit or holting behind a dam {sand or soll). Dilute to approximately 6% with water, then reduce with
sodlum thiosulfate, a bisulfite or ferrous salt solution. The bisulfite or ferrous salt may require some ditute sulfuric acid (10% w/w) to promots
recuction. Neutralize with sodium carbonate to neutral pH if acid was used. Decart or filter and deposit siudge in an approved landfill. Whare
pernitted, the sludgs can be drained info sewer with large quantities of water. To clean contaminated floors, flush with abundant quantities
of water into sewer, if parmitted by faderal, state, and local reguiations. If not, collect water and treat as above.

WASTE DISPOSAL

Sodlum permanganate is considered g D001 hazardous (ignitable) waste. For disposal of sodium permanganate sohutions, follow above
procedure and deactivate the permanganate to ingolubls manganese dioxide, and dispuse of tIn a parmitted iandfill. Contact Canus Chemical
Company for additional recommendations, ) .

sﬁi Responsible Care®

A Publlc Commitment
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SectionVIll ___ Protective EquipmenttoBeUsed

VENTILATION REQUIREMENTS
Provide sufficient mechanical and/or local exhaust to maintain exposure below levels of overaxposure.

RESPIRATORY PROTECTION
In cases whare overdgosure may exist, the use of NIOSH-MSHA approved dust anid mist resplrator or an air supplied respirator is advised.
Engineering or administrative controls should be Implamented 1o contral dust o mist,

EYE
Face shield, goggles, or safely glasses with side shields should bs wom,

GLOVES
Rubber or plastic gloves should be wom,

OTHER PROTECTIVE EQUIPMENT
Normal work ciothing covering arms and legs, and rubber, of plastic apron should be wom. Caution: 1f clothing becomes contaminated, wash
off Immediatety; spontaneous Ignition may occur with cloth or paper.

WORK/HYGIEMIC PRACTICES
Wash hands  thoroughly with soap and waler, after handling sodium permanganate and hefore eating or smoldng.

nl

W

Sectio Special Precautions and Other Comments

Protect contalners from physical damage. Store In a cool, dry area in closed contalners or non-combustible floors. Segregata from acids,
peroxides, and all combustible, organic, or easlly oxidizable materials, .

' DEPARTMENT OF TRANSPORTATION INFOHMATION:

Propar Shipping Name: 49CER 172,107 v ereeesesessessenss Pemanganates, inorganic, agueous solufion, n.o.s.
(contains sodium permanganate)

I} NUMDBET! cooeuastrcnrscrcrsnsnmesesssssmsrssscrsstasarrarsrarass .«.UN 3214

Hazard CIASS! L.vvmieireressmiesrvsssnisessresssossessans beaasesbe st e tess s Oxidlzer 5.1

Chemtrec Telephone Number; 80(0/424-9300
RCRA: Oxidizers such as sodlum parmanganafe meet the criterla of lgnitatle waste

Kenneth Krogulski
Septemnber 1998

Divislon of Carus Cormporation
215 FfthStreet
. 5 £.C.BoxSsy
s é Responsible Care® Por L1354
leig mitm Tel(315)223-1500
Lol N WS A I:om Eﬂt Fax{815)224-5687

ﬂmeinfmﬁenmntahedisamatabmebeao!wmwledqe.ﬁmr.dah,me:ysﬁmmmgwemmmmguhﬁomamsubjedtumame;andmmrmm
ofhandlirg.useorm.\seofmeproduaareheyondowmnu'd.CmuChen-ﬁmlcumpanymkesmwa:ranty.elﬂmexpmormﬁedm;diganymnﬁad
mmantubihtyandMmﬁorap&warpurpose.Cmahomﬂhbﬁyhmﬁammmmmmmmmmofwm&nmm.
Usersslmldsaﬁsfymemivesmmeymmofaﬂmmtdatareleuanttotheirpaﬂwlaruses.
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LIQUOX™

Sodium Permanganate
CAS No. 10101-50-5

LIQUOX™ sodium permanganate is a liquid oxidant recommended for applications that require a concentrated permanganate

solution.

Product Siﬁcations

Assay 40% minimum as NaMnO,

pH 8.0-7.0

Spacific Gravity 1.36-1.39

Solubility in Water Miscible with water in all
proportions,

Chemical/Physical Data
Formula NaMnO,
Appearance Dark Purpte Solution
Insolubles 100 - 1200 ppm
Potassium 1000 - 2200 ppm
Stability > 18 Months

Shipping Containers

{UN Specification: 3H1) made of High Density Polyethylens
{HDPE), weighs 3.5 Ib (1.6 kg). Net weight is 57 Ib (25.7 kg).

- Dimensions, 15.33 in. tall, 10.2 in. wide and-11.4 in. long
{38.94 ¢m tali, 25.91 cm by 28.96 cm).

{UN Specification: 1A1) made of 12 gauge, mild steel, weighs
5 lb (2.3 kg). Met weightis 57 Ib (25.7 kg). The drum is 13.75
in. tall and 11.5 in. in diameter. (34.93 cm tall, 29.21 cm
diameter)

{
(UN Specification: 1A1) made of 16 gauge, mild steel, weighs
53.7 Ib (24.4 kg). Net weight is 550 Ib (249.5 kg). The drum is
34.6 in. tall, outside diameter 23.5 in., inside diameter 22.5 in.
{87.9 cm tall, OD 659.7 cm, ID 57.2 cm).

Applications

* Printed Circuit Board Desmearing
* Pharmaceutical Synthesis Reactions
* Metal Cleaning Formulations
« Acid Mine Drainage
= Hydrogen Sulfide Gdor Control
- Remote Locations
- Unheated Locations

Benefits

* Concentrated liquid oxidant is easily stored and
handled, Feed equipment is simplified (no need to
transfer and dissolve crystalline product).

* Dust problems associated with handling dry oxidants
are eliminated.

= High solubility at room temperature. Reactions
requiring a concenirated permanganate solution can

be conducted without having to raise the temperature.

* Can be used instead of potassium permanganate
whenever the potassium ion cannot be tolerated, or if
dusting is a critical issue,

_Handling and Storage o

Like any potent oxidant, LIQUOX™ sodium perrmanganate
should be handled with care. Protective equipment during
handting should include face shields and/or goggles, rubber
or plastic gloves, rubber or plastic apron. If clothing becomes
spotted, wash off immediately; spontaneous ignition can
occur with cloth or paper. In cases where significant exposure
exists, use of the appropriate NIOSH-MSHA dust or mist

- respirator or an air supplied respirator is advised.

“The product should be stored in a cool, dry area in closed

containers. Concrete floors are preferred. Avoid wooden
decks. Spillage should be collected and disposed of properly.
Contain and dilute spillage to approximately 6% with water
and reduce with sodium thiosulfate, a bisulfite, or ferrous salt,
The bisulfite or ferrous salt may require dilute sulfuric acid to
promote reduction. Neutralize any acid used with sadium
bicarbonats. Deposit sludge in an approved landfill or, where
permitted, drain into sewer with large quantities of water.

As an oxidant, the product itseif is non-combustible, but will
accelerate the burning of combustible materials. Therefore,
contact with all combustible materials and/or chemicals must
be avoided. These include, but are not limited to: wood, cloth,
organic chemicals, and charcoal. Avoid contact with acids,
peroxides, suifites, oxalates, and all other oxidizable inorganic
chemicals. With hydrochloric acid, chiorine is liberated.




LIQUOX™ sodium permanganate is classified as an oxidizer.
Sodium permanganate is shipped domestically as Class 70
and has a Harmonized Code for export of 2841.69.0000.

Eroper Shipping Name: Permanganates, Inorganic, Aqueaus

solution, n.o.s. {Contains Sodium

Perrmanganate)
Hazard Class: 5.1
Identification Number: UN 3214
Packaging Group: il
Label Requirements:  Oxidizer, 5.1
ial Provisi T8-intermodal transportation in

IM 101 portable tanks

Pagkaga Requirement; 49 CFR Parts 171 to 180 Sections:
' 173.152, 173.202, 173,242

Quantity Limitations; 1 liter net for passenger aircraft or
ratlcar. 5 liters net for cargo aircraft,
Vessel Stowagae; D-materiai must be stowed “ondeck”

on a ¢argo vessel, but is prohibited on
a passenger vessel. Other provisions,
stow “separated from” ammaonium
compeounds, hydrogen peroxide,
peroxides and superperoxides,
cyanide compounds, and powdered
metal,

_Repackaging

When LIQUOX™ sodium permanganate is repackaged,
the packaging, markings, labels, and shipping conditions
must meet applicable federal regulations. See Code of
Federal Regulations-49, Transportation, parts 171-180,
and the Federal Hazardous Materials Transportation Act
{HMTA).

]
Corrosive Properties

LIQUOX™ sodium permanganate is compatible with
many metals and synthetic materials. Natural rubbers
and fibers are often incompatible. Solution pH and
temperature are also important factors. The material
satected for use with sodium permanganate must also be
compatible with any acid or alkali being used.

. Inneutral and alkaline sclutions, sodium permanganate is
not corrosive to carbon stael and 316 stainiess steel.
However, chloride corrasion of metals may be accelerated
when an oxidant such as sodium permanganata is present
in solution. Plastics such as teflon, polypropylene, HDPE
and EDPM are also compatible with sodium permanganate,

Aluminum, zinc, copper, lead, and alloys containing these
metals may be slightly affected by sedium permanganate
solutions. Actual corrosion orcompatibitity studies should
be made under the conditions in which the permanganate
will be used prior to use.

Carus Vlue d

LABORATQRY SUPPORT

Carus Chemical Company has technical assistance available to its potential and current customers to answer questions or

perform laboratary and field testing inctuding:
*Feasibility Studies * Toxicity Evaluations

CARUS CHEMICAL COMPANY

*Treatability Studies

*Analytical Services *Field Trials

During its morethan 80-year history, Carus’ ongoing reliance on research and development, as well as its emphasis on technical
supportand customer service, have enabled the companytc become theworld leader in permanganate, manganese, oxidation,
and catalyst technologies. :

Carus Chemical Company

315 Fifth Street

P O. Box 599

Peru, 1L 61354

Tel. (815) 223-1500
Fax (815) 224-6697

Web: www.caruschem.com

CARUS

5 reqmiar

The information contained is acourate to the best of our knowledge. However, data, safety standards and gevemment requiztions are subject to change; and the conditicns of handling,
use or misuse of the product are beyond our control. Carus Chemical Company makes no warranty, sither axpress or implied, including any warranties of merchantabfiity and fitness for a
particular purpose. Carus also disclaims all liability for reliance on the compieteness or confirming accuracy of any information included herein. Users shouid satisfy themselves that they
are aware of ail current data relevant to their particular uses.

E-Mail: salesmkt@caruschem.com

Form #LX1501 Copyright® 1998

LIGUOX™ is trademark of Carus Corporation. Responsibie Care® is a service mark of the Chemical Manufacturers Association.



