
NORTH CAROLINA
DEPARTMENT OF ENVIRONMENT AND NATURAL RESOURCES

APPLICATION FOR PERMIT TO CONSTRUCT A¡ID/OR USE A \ilELL(S) FOR
INJECTION

Class 5I Wells i

In Accordance with the provisions ofNCAC Title 15A: 02c.0200
Complete application and mail to address on the back page.

TO: DIRECTOR, NORTH CAROLINA DIVISION OF WATER QUALITYDATE: I'bv 14 . 19Ð

A. PERMIT APPLICAI.IT

@
3333 hrerl.z Îcal
i-bfûi'an Estates State: U,_ Zip Code: ffiL7q

Telephone: (8471645-q1m

B. PROPERTY OWNER (if differenr from applicanr)

Name:
Address:
City:
County:

Name:
Address:
City:
County:

I^LP. Baila¡t Cormrv of Gæersbcrc. IrE.
L75 Tlæ Ecùa€e, S¡ite 3.l

State: CA Zip Code: Ð330
Telephone: (Tn\ qsZ+61

*See attaH
STATUS OF APPLICANT

fæ aldiuiau.l prcperEy cr,¡rìer.

Private: Commercial: Federal: State:cotmty: Municipal: l.lati.,,e am.erican rands.

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

E. INJECTION PROCED{IRE

Provide a detaiied ciescription oi ali planned activities relating to the proposed injection
facility including bur not limited to:
(1) construction plans and materials;
(2) operation procedures; and * See Atta6(3) a planned injection schedule.
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F. DESCzuPTION OF SITE

Provide a brief description of the contamination incident and the incident number
assigned by the Division of Water Quality staffin the Department's Regional Office:

HYDROGEOLOGIC DESCRIPTION

Provide a hydrogeologic description, soils description, and cross section of the subswface to adepth that included the known or projected depth of contamination. The number of borings
shall be sufficient to determine the following:
(1) the regional geologic sening;
(2) significant changes in lithology;
(3) the hydraulic conductivity of the saturated zone:(4) the <iepth 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).

MONITORING PROCEDURE

Provide plans for proposed location and construction details of groundwater monitoring wellnetwork, including a schedule for sampling and anal¡icãl methods. Include- any
fg4¡np{esting performed to investigate inj_eótant's potential or susceptibility to change(biological, chemical or physical) in the subsurface

WELL USE V/ill the injection well(s) also be used as the supply well(s) for the following?

The injection operation?
Pe¡sonal consumption?

J. C9NSTRUCTION DATA (check one)

EXISTING WELL being proposed for use as an i4jection well. provide the
data in (l) through (7) below to the best of your knowledge. Anach a copy
of Form GW-l (V/ell Construction Record) if available. '

PROPOSED WELL to be constructed for use as an injection well. provide
the dara in (1) through (7) berow as pRoÞosED consrrucrion
specifications. Submit Form GW-l after construction.

*tsrpoãry Gecpþbe hints
Well Drillin_e Contractor's Name:
NC Driller Registration number: _-e_Be_&teîrdæù

H.

G.

(1)

(2)

NO
NO

YES
YES

(1)
(2) J(

x

x*

TC 3o n"tetrttir=.i

Date to be constructed: . _ ,6/g Number of borings: m_n5
Approximate depth of each boring (feet): 47 fr. Ic 65 fr. bps: 

-
GV/-57 REM (May 1998)
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(3) V/ell casing: N/A
Type: Galvanized steel- Black steel _ plastic_ other (specifi)_
casing depth: From 

-t"- 

n (referenãoland surface)
Casing extends above gt"*d _ tnches

Grout: N/A
Grout type: Cement_ Bentonite _ Other (specifu)
Grouted surface and grorrãepth (reference õland rurfuö

_ around closed loop piping; from to ffet_ arounq croseo loop prpmg; rom to _- (feet).
_ rìround well casing; from _ to (feeù '

(4)

(s)

(6)

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

N.c..state Regularions (Titte l5A NcAc 2c .0200) require the
provisions for monitoring wellhead þrocesses. A faucet ôn both
groundwarer) and effluent (fluid being injected into the wãil)
required.

yes_ no
Yes X no

perminee to make
influent'(recovered
lines is generally

+ü/AV/ill there be a faucet on the influent line?
Will there be a faucet on the effluent line?

K.

L.

(7) SOURCE WELL CONSTRUCTION INFORIvLA.TION (if differenr from injectionwell). Attach a copy of Form Grv-1 (v/ell Construction Rècord). If Form Gw-l is nor

îIitlilf*: provide the data in part G of this application forÁ to the best of you,
Knowtectge.

NorE: THE WELL DRILLINc coNTRAcroR cAN supply rHE D.{T.{ FoR E¡THER ExrsrrNc oR
PROPOSED WELLS IF THIS INFOR,VATION ¡S UNAVAILABLE BY OTHER MEANS.

OTHER TVELL DATA

Provide a tabulation of data on all wells within %mile of the injection well(s), exceptingw'ater supply wells serving a single-family residence, which penetráte tt. propored injectionzoÍre' Such data shall includea description of each well's typè, depth, ,".orà of abandonment
or completion, and additional information the Director may rèquira

PROPOSED OPERATING DATA

(1) Injection rate: Average (qally) 10 gallons per minute (gpm)(2) Injection volume: Average (daily) :m -gailons 
per duv (gpö

f?) Injection pressure: Average (daily) _1Ð__ founds/squur. iä-nþri¡(4) Injection temperature: Average (January) T' o F, Average ¡luty)þ " f(5) Hydraulic capacity of the well: fO m,t/ncint(6) Expected lifetime ofthe injection facit(7) Give a description of how the above data wili-6ñ-easured and controlled:

GW-57 REM (May 1998)
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M.

N.

INJECTION.RELATED EOUIPMENT

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

LOCATTON OF WELL(S)

Att¿ch a scaled, site-specifi" *uplr¡ showing the location(s) of the following:

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 welli, 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 injectioi
well or well system; and

(10) all surface water bodies within 1000 feet of the injection well or well system.

INJECTION FLI.IID 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:
Formation:

A.

physical, biological and radiological chffi

P. PERMIT LIST

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

(l) Hazardous waste Management prograrn permits under RCRA(2) NC Division of 'Water 
euality Non-Discharge permits

(3) Sewage Treatment and Disposal permits
(-i) other environmentai permirs required by state or fèderal law.

(l)
(2)
(3)
(4)

(5)
(6)

(7)
(8)

(e)

o.

(2)
Rock/sediment unit:
Provide the chemical,
to be injected.
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a. CERTIFICATION

"I hereby certi&, undgr Plnalty of larv, that I have personally examined and am fanriliar withthe information submined in thit do.u*ent and a[ ättachments thereto *ã t¡ut, based on myinquþ of those individuals immediately responsibr"-r"iãut"irri"g said informatioru I believethat the information is true, u..*ut. an^a 9ãmpt.,". 
-i 

am ar¡/¿ue that there are significantpenalties, including the possibility of fines and irop.i*"rr.",,-f"":ubmitting 
falseinformation' I agree. to 

-construct, óperate, *uiot"io, ,.pair, and if applicable, abandon the
ff::iå,ffåiiyr'.Hi;$ appurtenances in accordan-ce with ,È ,ñ;;;ea specincations

If awhorízed agent is acting on behälf of the well owner,
please sup,ply a letter signed "by 

the owner
authorízíng the above igrnt.

(owaer.mers-any person who hords the fee or other
i#å:9.1-*:å*:J.:l,T,lg-:o1y:te¿. e wJi-i, ,f"r properry and its consrr¡ction onland rests ownership in the r*¿õ*".iin the uur.n." oä;;iö""#ff tf; 

trill1j

(Signan'e Oft

Please return two copies of the completed Application package to:

IIIC Program
Groundwater Section

North Carolina DENR-DWe
P.O. Bor 29578

Raleigh, NC 27626-057g

Telephone (919) 7 tS-6165

If the properry is owned by someonl^other tq 9. applicant, the property owner herebyconsents to allow the applicant to construct-each injectioî well as outtìn"ã i, this applicationand that it shall b:. tä responsibilirv of !h. up;ii;*;ìì 
"nrur. 

that the injection we¡(s)conforms to rhe v/eil const¡ùction stan¿ar¿s (TiiË rsã ñcec zc .0200)

R.

(Signanre of WettõwnG

CI¡/-57 REM (May 1998)
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a. CERTIFICATTON

"I hercby certi$, undgr Pglalty of law, that I have personally exanrined and asr fa¡¡riliar withthe information submitted in this document and all;ta.hlreats thereto *¿ ,n.q based on myinquþ of those individuals immediaæty ,.sponsiùr.-øt ouai"i"grr¡á i"Ãrrr¡on,I believethat the information is true, u..r*t. .4 gorptJ;. 
--i 

a¡¡r aware that there a¡e significantpenalties, including the possibility of fines and ioupriroo_".,, f"r;bmitting falseinformation. I age¡- to constn¡ct, óperate, maintair¡ ,.n* Td jf applicable, abandon rhe
iffiääåi..oirr:ffi! .ppu'tJo*.es in accoida,i"e with tÈ õñ;ed çecincations

(Signature of W.t

If authorized agent f *!"5 on beîalf of the well owner,
please supply a lener signed by tne owner

authorízing the above igent.

"'"t..oct., t vr rxure (owner.mens-any person who holds the fee or other
i#åKTH,å,::J,:r,*:^r..._B::!d,A;Ji-;;i,"r properry and its constn¡ction onland rcsts ownership in the landõwneiin the 

"ur.n 
. ãi.;ö"u*i::ff,tä;iäìä;

:: ,*:,ii3'f" J .ii:*,,l1.ì*::::,: *::^13-t1gr rist, the proq ertv owuer hereby
iffifi T::l':,i;1',i:o:::i'-:1.::::a"::t.l T$,i"i;;rå;i,ñ;:ä:i'd;ö;'åï:í
Tl"¡ha, T :fdl.*. thã-responsibiliry ;4,h. õiconrorms to ttreweìr ä.*"ilit* Ëiiru,.iitär:'i'#Xiffäi *i.P' injection weu(s)

AC 2C.0200)

(Signature Of tron"ry
&ølau¿o Drsrer9¡rrn.ñ Gn-s.!p,[", ø4NAH Nç ¡^€rnrat,

Please retum two copies of the completed Application package to:

UIC Program
Groundwater Section

North Carolina DENÍR-DWe
P.O. Box 29578

Raleigh, NC 27626-057g

Telephone (919) 715-6165

R.
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a. CERTTFICATION

"I hereby certi&, under penalty of law, that I have personally examined and am familiar withthe information submitted in this document and all ättachments thereto and that, based on myinquþ of those individuals im¡nediately responsibr" r"iãut"i"i"g said informatioru I believethat the information is tnre, accurate ang 9ompl.t..--i am aware that there æe significantpenalties' including the possibility of fines and i-priror*"nt 
-for:ubmitting 

falseinformation' I agree to.construct, ópeã", T**, ö"ir, 3ld if applicable, abandon the
ff :i:ä,ffå äät :*fi uppu,tËo*.es in accoidan'ce with th" ;ñ;;;;',p..in.ãti"*

R.

(Signarure of W
.:

If authorízed agent ís acting on beñalf of the well owner,
please supply a letter signed'by the owner

authorizing the above agent.

r-\r¡\ùt'l\ r ur PKUPbKI'Y owlIER (owner.meTs any person rvho holds the fee or other
ij"T*""qlt^:19: well being consJructed. A well-is ,Luì prop."y ;ã tu construcrion onianã rests o-wnership in the lan¿Jwneiin me absence.f .;ri.ï"lgä#i 'f; ii;ffÏ"'" ""
If the property is owned by someone other th.a1 the applicant, the property owner herebyconsents to allow the applicant to constru^ct-each injection well as o,rttineà in tti, applicationand that it shall b:. t. responsibility 9f ttre appiicaniìo .nrure thar the injection well(s)conforms to rhe v/ell construction standards (Ti;Ë rsÀ ñcec zc .0zoo)

Please retum two copies of the completed Apprication package to:

UIC Program
Groundwater Section

North Carolina DENR-DWe
P.O. Box 29578

Raleigh, NC 27626-057g

Telephone (919) 715-6165

(Signature Property Owner If From Applicant)
On behalf of trI.P Bal-lard & Conpany of Greensboro, Inc.

Gu/-57 REM (May t998)
Page 5 of5



SU PPLEMENTAL INFORMATION

Part A

No additional information required.

Part B

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

Greensboro Distribution Group, LLC
3340 Peachtree Road
Suite 1500
Atlanta, Georgia 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 soil and groundwater impacted by a tetrachloroethene release
which occurred on the W. P. Ballard Property, and subsequently impacted the downgradient forrner Sears
Greensboro Distribution Center property (now owned by Greensboro Distribution Gróup LLC). The
remedial approach is to apply the technologies of in situ chemical oxidation, and high vacuum dual phase
(HVDP) extraction and treatment of grounciwater and soil vapor utilizing on-site treãtment. This approach
is based on pilot test data collected in 1997 and 1999, and bench scale tests conducted ¡n t ggg a'nO
1999'roupled with recent experience at similar sites. These technologies will be implemented ín a multi-
phase approach. The first phase is in siÍu chemical oxidation, and is proposed for implementatÍon by
treatment per this application.

ln 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. lT 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
whích are potentially usable, but only some are environmentally acceptable. Permanganate was selected
because it is stable, non-hazardous (outside of its oxidizing nature) and easily handled. lt is widely used



04/30t99

in conventionalwater treatment. Permanganate reacts wellto oxidize PCE, TCE and DCE and the
reaction is rapid and complete. As can be seen below:

PCE:

TCE:

DCE:

4NaMnO¿ + 3CzCl¿ + 4HzO' 4MnOe + 6COz + 12Cf + 4Na* + BH*
2NaMnO¿ + 2CzCls + 4HzO * 2MnOz + 2COz+ 3Cl- + 2Na* + H*
SNaMnOa + 3CeHzClz + 4H* -' 8MnO2 + 6COz + 6Cl'+ 8Na* + 4HzO

Laboratory (bench scale) treatability tests were performed using site soils and groundwater to confirm the
effectiveness of this oxidizer in meeting the remedial objectivesfor this site. Tñe tests also determíned
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 Attaihment G.

lhe proposed method of delivery of the chemical is by application through temporary Geoprobe poínts.
This method allows for efficient distribution of the oxidizer to the target treatment zones. Ä pibt täst of the
applicatíon method was conducted at the site on March 25 and 26, 1999 using clean water io coniirm the
hydraulic properties. The Application Pilot Study Report is included as Attacñment D.

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

Item (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. fhe quantity of permanganate solution to be
appll.ed and the spacing of the application points was calculated based on thè volume of impacted
media present within each zone, dissolved and adsorbed phase contamination levels present and
the oxidation potentíal of natural constituents present within the soil. The following application
regime is proposed to utilized:

oZone l:

¡Zone ll:

oZone lll:

15olo sodium permanganate solution; application points @ 20 foot
centers; 350 gallons per point (average of 25 gallons per 5 foot interval).

i5% sodiurn perrnanganate soiuiion; application points @ 40 foot
centers; 330 gallons per point (average of 24 gallons per 5 foot Interval).

37o sodium permanganate solution; application points @ 40 foot centers;
350 gallons per point (average of 25 gallons per 5 foot interval).

The applicatíon "facility" will consist of two separate operations. The mixing operation will be
performed in a pre-established containment area on the former SLS prõpeitry, The 40%
permanganate solution will delivered to the síte in either S5-gallon drums or 55g-gallon tope
tanks. Two 2,S00-gallon polyethylene tanks will be used to mir/ãilute the 40% solutioñ of sodium
permanganate to the required levels. The 40o/o permanganate solution will be transferred to the
polyethylene containe¡ usÍng a centrifugal transfer pump and mixed with municipal water to
prepare a single 2,000-gallon batch in each 2,500 gallon tank. lndividual batðhes will be
prepared daily for use the following day.
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For the initial application event, sodium permanganate will be delivered to the site as a 40o/o
solution in a bulk shipment of approximately 70,Ó00 pounds (-20,000 gattoni¡. Curren¡y, 55-gallon drums are the only approved transpôrt method for the solution,ä 55glgatton tope tank
lnaybe approved for solution transport prior to the required shipment date, tentaìively scÀeduled
for the first week in June 1999. For subsequent events, shipments of smaller quantities will be
obtained.

The solution storage and mixing location will be established in stable accessible area. Temporary
containment will be employed to prevent the release of the reactive solution. rencin! will also be
installed to limit access to staged and mixed materíals.

The.. permanganate solution will be transported from the mixing location to the individual
application points using truck mounted 300 - 500 gallon enclosed pãlethylene ãoÀt"in"rr. The
solution will be applied to the subsurface through-temporary Ceobro-Oe points. 

- 
Íne CeoproOepoints will be advanced to 65 feet bgs, or until bedrock is encouniereO. Subs"quentl', t¡'e-i.úIinch diameter Geoprobe rods will be manifolded to the permanganate ãèl¡üew system. Aschematic of the proposed manifold and application procedures isättacneO ãiÊí¡7ut" 15. Thepermanganate solution will be applied to the subsurface via a Geoprobe subsurfaó applicationtool. This tool will be either a two foot slotted screen, or an integral drive toóiw¡tn'ån openperforated section located between two wider sections which functioñ as packet" Orring injection.

These assemblies willbe able to apply the permanganate solution in discrete 2 to 5-foot intervals.
A diagram illustrating the application assembly is attached as Figure 16.

The solution application will begin at the base, of the Geoprobe boring. Once the probe is
advanced to 65 feet bgs or the final attainable depth, the GebproOe rig viitt aisconnàct from the
boring and the application manifold will be connected. The sp'ecified q-uantity ãÌ-ròirt¡on wilt beintroduced into the bottom S-foot interval with the pressure flðw and tótar quantity documented.
Subsequent to the application of the solution, the manifold will be gated off, ihe préssure relieved
and the application assembly point will be raised.approximately S feet. fná 

"pôncãiion 
process

will be repeated throughout the saturated zone. Appiication wii also oe performãá-in tn" vadose
zone soils in areas with confirmed soil contamination.

Item (3):

The. following ís the proposed schedule for applícation of the permanganate solution at the
subject site:

Beginning of initial application event (approx.22S temporary points)
End of initial application event
Beginning of second application event (approx. 100 temporary points)
End of second application event

June 7, 1999
July 30, 1999
June 2000
July 2000

Part F

The subject site is dry cleaning supply facility, located at2T0l Branchwood Drive, approximately
400 feet east of Battleground Avenue in Greensboro, Guilford CounÇ, North Carolina. Currentty,
the site is operated by Phenix Supply Company, r¡¡hc lease the propérhy from W p. Bailarcl
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Company of Greensboro, lnc. The site location is shown on a portion of the United States
Geological Survey 7.5 minute topographic map of Greensboro, North Carolina euadrangle,
included as Figure 1.

The subject site was developed in 1957 as a dry cleaníng supply and distribution facility, operated
by W.P. Ballard Company of Greensboro, lnc. (Ballard). from igg0 to the present, the site has
been leased by Phenix Supply Company from Ballard. A petroleum hydrocarbon release was
discovered during the performance of underground storage tank (UST) removal activities in
September 1991. At the time of the discovery of the releale, two 550-!allon USTs, one
contaíning heating oil.and one containing gasoline, were removed. Thè release was reported to
have been associated with the former gasoline UST. The NCDENR was notifled of the release in
september 1991 and was identified as Groundwater lncident Number 6g53.

The subsequent investigation revealed the presence of high concentrations of dissolved phase
chlorinated ethenes, consisting mainly of tetrachloroethene and it's associated breakdown -

products. Tetrachloroethene concentrarions detected ranged from 11 ug/L to 270,000 ug/L. The
detected release is associated with tetrachloroethene distribution activitþs 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 lncident Number
6953) with assistance from the Guilford CounÇ Health Department.

Part G

Geologic Setting

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

Site Geology
Based on data collected during drilling operations, the subsurface stratigraphy consists of
unconsolidated mixtures of sand, silt and clay sized particles to depths õf Oe¡,veen 47 and
?pproximately 65 feet below grade. Unconsolidated materials are saprolitic in nature, resulting
front the in situ chemical and physical weathering of the parent bedrock. The unconsolidated
material retaíns relict fractures of the parent material, thereby being saprolitic in nature. Based on
observations made during drilling, true, competent bedrock ¡s concluoed 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 ihan tire 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 tr,vo geãtogic cóss
sections are included as Figures 5, 6 and Z, 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 vrith changes in the
topography of the site. Wells exhibiting the shallowest depth to groundwater rieasurements
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(MW-13, MW-1 7, 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 lT
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
severalconditions: vacuum enhanced vs. non-vacuum enhanced, variable flow rates, multiple
pumping wells, etc. As such, traditional data reduction methods could not be employed to
evaluate the data. However, examination of the data does provide useful insight into the
subsurface conditíons, 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 "shallow well", installed'to a
total depth of 25 feet below grade. Well EW-3 is a "deep" well, installed to a total 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: Kn = 0.60 fyday
EW-3: Kn = 8.11 fUdaY

These values were compared to typical values of horizontal hydraulic conductivity for aquifer
materials. lt was concluded that these estimated values fall 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 hydraulic conductivíty was calculated to be 2.20 f7day for the entire
thickness of the surficial aquifer. Since stratified sediments are present, the average vertical
hydraulic conductivity of the surfìcial 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 Ítlday. The groundwater gradient is estimated to be 0.023
feeVfoot across the site. Assuming a porosity of 0.3 and using the average horizontal hydraulic
conductivity (2.20 ftlday), the average linear groundwater velocity across the site is 0.17 feeUday.
Average linear groundwater velocity is calculated using the following formula:

V = [i lÇ]/nu where: V = average linear velocity
i = hydraulic gradient
K¡ = horizontal hydraulic conductivity
ne = êffective porosiÇ
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Transmissivíg of the aquifer may be estimated by the following equation:

T=Krr*b where: T = transmissivity
K = horizontal hydraulic conductivity
b = aquifer thickness

Using an average l(¡ 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 squaiéd per
day.

Part H

As part of the monitoring plan, the existing groundwater monitoring well network at the site will be
utilized. A síte 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 applicätion ãvent,
groundwater samples will be collected from 39 of the existing monitoring and pilot test wells,
including: MW-1 through MW-15, MW-12, MW-18, MW-20 through MW:23, MW-27, MW-29,
LMP-1, LMP-2, DW-1 through DW-s, DW-7, DW-8, DW-g, DW-11 , Dw-12 and DMp-1 through
DMP-4. These monitoring wells are located throughout the proposed application area, as wãll as,
along the outer edge of the dissolved phase contaminant plume. Collected groundwater samples
will be analyzed for purgeable halocarbons by EPA Method 601, Manganesè, Chloride,
Potassium, Sodium, totalsuspended solids and color. ln addition, theiollowing field parameters
will be measured for each sample: pH, temperature, conductivity, and dissolveã oxygen. Based
on the results of the initial application event a high vacuurn dual phase groundwaterãnd soil
vapor recovery and treatment system will be designed and installed. For the first year of
operations, groundwater sampling will be performed quarterly, subsequently sampting 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 trre 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 included in Attachment C.

It is anticipated that a second, more limited 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 subsequent groundwater monitoring plan are not expected to change from the initial
event.

Part I

Groundwater will not be extracted from the subsurface as part the rn sifu oxidation process, as
such there will be no influent line used in the injection process. Water required for míxing/diluting
the solutíon will be acquired from the City of Greensboro Pubic Works Department. Gatð valvesl
pressure gauges and a flowmeter will be installed on the"effluent" or application line to control
the ouantity and rate of the solution applications. Since groundwater reccvery will not be part of
the process, there is no "Source Well"; therefore, construction details of such are not applicable.



Part J

Part K

Part L

04/30/99

The initial application event is scheduled to be performed in June - July 1999 (over a period of
approximately 7 weeks). Approximately 225 Geoprobe points will be used to perforrn 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 Geoprobe point will be grouted to the surface with
a bentonite/grout slurry (abandoned) after the application has been completed at a particular
point.

It is 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 wíll be
performed in a similar manner as the initial event.

Attached Table I 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 Tabte 2. A
summary of baseline soíl vapor sampling events performed ín the source area is included as
Table 3. A summary of the field screening results for the recent groundwater sampling events
performed by lT Corporation of North Carolina, lnc., are íncluded as Table 4. A summary of
historic laboratory analytical results for shallow and deep groundwater sampling events are
included as Tables 5 and 6, respectively.

A sensitive receptor survey was performed by lT 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 located 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
oi Greensboro Water Resources is included in Attachment 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 single point, lT anticipates that 5 Geoprobe points can be installed in
one day using a single rig. Since lT plans to have two rigs available, a total of 10 Geoprobe
points could be installed 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.
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The applícation temperature is expected to vary due to seasonal and daily variations in ambient
air temperature; however, both the initial and subsequent treatment evenis 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, totalizing flow meter, pressure gauge, and gate valves will be used to monitor and
control the application process. The application process for each temporary point will be direc¡y
monitored/controlled by experienced personnel. Unsupervised applications wíll not be performed.

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

The following maps are attached for review:

Part M

Part N

Part O

Figure 1:

Figure 2:
Figure 3:
Figure 4:
Figure 5:
Figure 6:
Figure 7:
Figure 8:
Figure 9:

Figure 10:
Figure 11:
Figure 12:

Figure 13:
Figure 14:
Figure 15:
Figure 16:

Site Location Map - Portion of Greensboro euadrangle USGS
Topographic Map
Site Map
Pilot Test Well Location Map
Site Topographic Map
Geologic Cross Section Location Map
Geologic Cross Section A-A'
Geologic Cross Section B-B'
Water Table Elevation Contour Map - 12198
Surface Water Location Map- Portion of Greensboro euadrangle USGS
Topographic Map
Total VOC lsoconcentration Map for Shallow Wells - 12lgï and lt99
ïotal VOC lsoconcentration Map for Deep Wells - 12198 and 1l9g
TotalVOC lsoconcentration Map for Shallow Wells Overlain Wth
Proposed Treatment Zones
Temporary Application Point Layout - Zone I

Temporary Application Point Layout - Zones ll and lll
Application Manifold Schematic
Subsurface Application Schematic

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

Part2 The MSDS and Carus fact sheet for Sodium Permanganate are included in Attachment
F. The MSDS contains chemical, physical, biologicaland radiological characteristícs of
the fluid to be applied. Sodium permanganate is proposed to be applied as a 15%
solution in Zones I and ll enC as a 3% solution in Zone ll!.
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Part P

Part Q

Part R

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

. Recovery/monitoring well permits
o Corrective Action Plan (CAP) aqproval 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 extraËt¡on and
treatment system.

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

' A! air discharge permit (from NCDENR) - associated with the groundwater treatment system.o N.PDES Discharge Permit (íssued by NCDENR) for disposal of,treated groundwater. A dual
phase extraction and treatment system will be designed and installed bãsed on the results of
the initial injection event.

S9ar9 Logìstícs Service-s, lnc. (SLS) is the actin-g responsible party for the remediation/clean up of
this site' SLS was the former property owner oione of the póperiies associateA w¡tfr ih¡s site. R
representative of SLS signed the permit application.

The current owners ofthe properties associated with the site are W. p. Ballard Company of
Greensboro, lnc. and Greensboro Distribution Group, LLC. Representatives trom bòtn ównership
groups signed the permit application.
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Table I

Well Gonstructlon Summmary
W.P. Ballard and Downgradient Properties

Greensboro, North Carolina

Well
ldenlilicâlion

Gasing
Oiameter

weil
Materia¡

Total
Deoth

uaseo
lnterval

ùcfeeneo
lnterval

Top of Cas¡ng
Elevation Notes

MW-1

MW.2
lvlw-3
tvtw-4
MW.5
tvfw-6
MW.7
MW.8
tvlw-9

MW-l0
MW.l1
MW-12
MW-I3
MW-14
MW-l5
fvfw-f 6
MW.17
iIw-1E
MW.19
MW.2O
MW.21
MW-22
MW.23
MW-24
MW-25
MW.28
MW-27
MW-28
LMP.I
LMP.2
DW-1
ow.2
DW-3
DW-4
DW.5
DW-6
ow-7
DW-8
DW-9

DW-10
DW.If
DW.12
DMP.l
DMP.2
DMP.3
DMP¿
EW-1
ø¡!-2
EW-3
EW-4
PT.1S
PT.2S
PT.3S
PT4S
PT.sS
PT-1D
PT-2D

PT.3D
PT4O
PT.sD

lt

l1r I

I PVCI pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc

I evc
I PVC
I pvc
I pvc
I pvc
I pvc

I evc
I PVC
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc
I pvc

I evc
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVC
PVc 

]PVC 1

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

PVc I

35'
35'
35'
35'
35'
35'
35',

35'
35,

35',

35'
35',

35'
35'
35'
35',

35'
35',

35'
35'
35'
35'
35',

35'
35'
35'
35'
35'
35'
35'
ô5'
65'
65'
65'

63.5',

63.5'
63.5',

63.s' 
l53' I

58' I

s3' I

47', I

6s' I

Bo' I

57', I

64' I

64 I

2sI
6sI
25 I

2sI
22.2 I

2sI
2sI
2sI
6sI
6sI
6sI
6sI
6sI

0-25'
0-25'
ù25'
G25'
0-25'
0-25',

o-25',

0-25'
0-2s',

0-2s',

0-25',

0-25'
0-25'
o-25',

0-25'
0-25'
o-25',

0-25',

0-25'
o-25'
0-25'
o-25'
0-25',

o-25',

o-25',

0-25'
0-25'
0-25',

o-25',

0-25'
0-50'/ 0-55'
0-50'/ 0-55'
0-50'/ 0-55'
0-50'/ 0-55'

0-45'/ 0-48.5'
0-45'/ 0-48.5'
0-45'/ 0-48.5'
0-45'/ 0-48.5'
0-40'/ 0-43'
0{0'/ 043'
G40'/043'
o40'1042'
0-45'/0-50'
04570-50.
o40'to47'
0-41 70-49'

0-49
0-5

0-50
0-5
0-5

o-2.2
0-5
0-5
0-5

0-50
0-50
0-50
0-50
0-50

2S35'
25-35'
2$35'
2S35',
25-35'
2S35'
2$35'
25-3s',

25-3s',

25-35'
25-35'
25-35'
25-35'
25-35'
25-35'
25-35',

25-35'
2$35'
25-35'
25-35'
25-3s',

25-35',

25-35' ,

25-35',

25-35:
25-35'
25-35'
25-35'
25-3s',

25-35',

55'€5'
55',€5'
55'€5'
55',-65'

48.5-63.5'
48.5-63.5'
48.5€3.5'
48.5-ô3.5',

4&53'
43'-58'
43-53'
4247'
50€0'
50-60'
47-57',

4S64'
49-64
5-25

50-65
5-25
5-25

2.2-22.2
$.25
5-25
5-25

50-65
50€5
50-65
50-65
50-65

881.03
882.43
883.1

882.33
883.47
884.33
882.59
883.03
880.43
882.42
874.71

862. I 5

863.77
884.36
872.1

NS
861.43
862.26

NS
866.15
866.12
861.83
861 .15

NS
NS
NS

879.8
88 t.23
873.5

871.41

882.31

881.12
882.59
883.69
872.8
NS

862.17
861.¡14

NS
NS
NS

845.45
870.83
872.13
862.18
862.25
882.57
882.56
882.81
882.84
882.69
882.95

882.59
882.21

882.97
882.70
882.95
882.68
882.41

882.96

Damaged during construction

Deskoyed during construct¡on

Destroyed during construct¡on
Destroyed during construct¡on
Oestroyed during conslruct¡on

Destroyed during construction

Dostroyed during construction

Pilot Test Extraction Well
Pilot Test Extrac{ion Well
Pilot Test Extract¡on Well
Pilot Test Extraction Well



Table 2

Groundwater Gaugíng and Water Table Elevation Summary
W.P. Ballard and Downgradient Properties

Greensboro, North Carolina

well
ldentification

Date rop o1 Gasrng
Elevation

Depth to
Water

Water Table
Elevation

lYfW-1

fvfw-2
tvfw-3
fvlW-4
fiiM/-5
iln /€
tl.¡fw-7

fvfw-8
lvlvv'-g

tr.lvv-'10

tvfw-l 1

tvlì /-l2
i/|W'-i3
lulvv-14
tvTW-15

lvlw'-í7
MW.18
rvîvv-20

MW.21
MW-22
tvÍVV-23

MW-21
r¡w-28
LMP.1
LMP-2
DW.1
DW.2
DW.3
DW-4
DW.5
DW.7
DW-8
DW.9

DW.11
DW.I2
DMP.1
DMP.2
DMP.3
DMP-4

11 /30/98
't 1¡30/98
1 1130/98

r 1/30/98
1 1/30/98
I 1/30/98
1 t/30/98
I 1/30/98
1 1/30/98
1 1/30/98
I 1/30/98
I 1/30/98
I 1/30/98
1 1/30/98
1 t/30/98
1 1/30/98
1 1/30/98
1 1/30/98
't1t30t98
1 1/30/98
1 1/30/98
1 1/30/98
I 1/30/98
ún1ß9
01t21t99
1 t/30/98
1 1¿30/98

1 1/30/98
1 1/30/98
1 r/30/98
I 1/30/98
1 1/30/98
1 1/30/98
r1Æ0/98
1 1X30/98

01nlß9
01n1ß9
01n1t99
oln1t99

öð1.03
882.43
883.10
882.33
883.47
884.33
882.59
883.03
880.43
882.42
874.71
862.15
863.77
884.36
872.10
861.43
862.26
866.15
866.'t2
861.83
86f .15
879.80
881.23
873.50
871.41
882.31
88't.'12
882.59
883.69
872.80
862.17
86't.44

NS
NS

845.45
870.83
872.13
862.18
æ2.25

r6.05
16.70
17.40
17.50
18.70
18.75
16.90
17.66
17.U
22.60
r9.03
11.50
7.31
19.78
16.58
6.45
12.15
22.s5
29.44
10.80
24.10
1Ö.8s
r9.40
12.83
11.52
17.10
16.35
18.30
18.87
17,39
9.91

5.77
16.35
.rt 1.,.

14.38
13.61

11.85
8.00
7.11

864.96
865.73
865.70
864.83
864.77
865.58
865.69
865.37
862.59
859.82
8ss.68
850.65
856.46
864.58
8s5.52
854.98
850.1 1

843.60
836.68
851.03
837.05
859.95
861.83
860.ô7
8s9.89
865.21
864.n
864.29
864.82
855.41
852.26
855.67

NS
NS

831.07
857.22
860.28
854.18
855.14



Table 3

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

Greensboro, North Carolina

Notes: Soil vapor analysis performed by EPA Method TO3 for the Method 601 compound l¡st.

Detecled compounds shown in bold.

'The modiñed total VOC concentration was detemined using the following equation:
n/OC=(Sum of detecled compounds)+(Sum of non-detected compound PQLs'o.5)

- The Baseline Total VOC Concentrat¡on is the average of lhe two mod¡lied total VOC concentrations
detec'ted during the initial baseline sampling events.

Location SVMP.1 SVMP.2 SVMP.3 SVMP.4
Ðate

Compound

1t20tsg
(ms/m1

1t27t99
(ms/m1

1t20t99
(ms/r1

1t27t99
(mdm1

1t20ts9
(mo/m1

1t27t99
(mg/m1

1t20t99
(mg/m)

'v27t99
(mdml

Bromodichloromehane

Bromoform

2-Chloroelhylvinylether

Dibromochloromelñans

Dichlorodilluoromethane

Trichlorof luorometñane

Mnyl Chloride

Chloromelhane

Bromomethano

Chloroethane

1,1-D¡chloroethane

þl,2.Oichloroethena

1 ,2-Dichloropropane
,l,1,2-Trichloroethane

1,2-Dibromoethane

0hlorobenzeno

:-1,3-Dichloropropene

¡ 1 ,3-Dichloropropene

|, 1,2,2-Tetrachloroethane

I ,2-D¡chlorobenzone

I ,3-Dichlorobenzene

1,4-Oichlorobenzene

1,2,4-Trichlorob€nzene

vlethylene Chloride

lhloroform

lârbon tetrechloride

felrachloroethene

frichloroethene

l, 1, 1 -Trichloro€thane

I ,2-Dichloroethane

r1,2-Dichloroethene
1.1-Oichloróethenê

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0,5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

s,300

5.2

<0.5

<0.5

<0.5

<0.5

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

8,600

<250

<250

<250

<250

<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0,5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

7,500

7.8

<0.5

<0.5

1.7
<0.5

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

57,000

<250

<250

<250

<250

<254

<0,5

<0,5

<0.5

<0.5

<0.5

<0,5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

2.2

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

't.9
<0.5

8,300

20

<0.5

<0.5

4.1

I

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<20
<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

13,000

<250

<250

<250

<250
<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

5,900

24

<0.5

1.5

5.6

0.58

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

6,500

<250

<250

<250

<250

<250

Sum of Detected EPA 601

lomoounds 5,305.20 8,600.00 7.509.50 57,000.00 8,329.20 13,000.00 5,931.68 6,500.00

úodiñed TotalVOC
loncentration' 5.312.70 12.475.OO 7 516.75 60,875.00 8,335.70 16,875.00 5.938.43 10.37s.00

laseline Total VOC
:ôncênlrâtion- I 893 85 3¿ 195.88 12.605 35 I 15472

Page 1 ol3



Table 3

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

Greensboro, North Carolina

Notes: Soil vapor 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 equalion:

TVOC=(Sum of detected compounds)+(Sum of non-detected compound peLs.O.S)

" The Baseline lotal VOC Concentrat¡on is the average of the two mod¡f¡ed tolal VOC concentrations
detecled during the init¡al baseline sampling events.

Locâtion SVMP.5 SVMP4 SVMP.7 svMP-8
Date

Comoound
1t20t99
(mg¡m3)

2499
1mglm3)

'vzqt99

(mglm3)

1n7t99
(m9/m1

1t20t99
(mdm1

1t27t99
(mdml

1t20t99
(mdm1

iln99
(m/m1

firichlorofl uoromethane

Mnvl Chloridêt'
lChloromethane
Bromomethane

Chloroethane

1,1 -Oichloroethane

t1,2-D¡chloroetheno

I ,2-Dichloropropane

1,1,2-Trichloroelhane

1,2-Oibromoelhane

Chlorobenzene

c- 1, 3-Dichloropropene

þl ,3-Dichloropropene

1, 1,2,2-Tetrachloroethane

1 ,2-DichloÍobenzene

1 ,3-D¡chlorobenzene

|,4-Dichlorobenzene

1,2,4-Trichlorobenzene

Vlethylene Chlor¡de

)hloroform

larbon tekachloride

fetrachloroethen€

frichloroethene

1,1,1-Trichloroethane

,2-D¡chloroethane

!l,2-D¡chloroethene

.1-Dichloroethene

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

3.2

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0,5

<0.5

<0.5

<0.5

2.9

<0.5

8,600

23

<0.5

<0.5

5.6

1.5

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

48,000
<250

<250

<250

<250

<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

2.1

0.5

8,700

22

<0.5

<0.5

4.8

1.6

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

17,000

<250

<250

<250
<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0,5

<0.5

<0.5

<0.5

<0.5

<0.5

2

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

3

0.77

12,000

37

<0.5

<0.5

14,,

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

35,000

<250

<250

<250

<250

<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

6,600

2

<0.5

<0.5

0.65
<0.5

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

5,600

<250

<250

<250

<250

<250

ium of Detected EPA 601

)ompounds 8,636.20 48,000.00 8.73r.00 17.000.00 12,058.97 35,000.00 6,603.05 5,000.00
ùlodified Totål VOC
)oncentrat¡on' 8,642.70 51.875.00 8.737.50 20,875.00 't2,065.22 38,875.00 6.610.30 9,475.00
laseline Totâl VOC
)oncentration* 30 258 85 14.806.25 25 47 1 8.042.65
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Table 3

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

Greensboro, North Carolina

Noles: Soil vapor analysis performed by EPA Method TO3 for the Method 601 compound list.
Oetected @mpounds shown ¡n bold.
'The modil¡ed total VOC concentration was determined using lhe following equal¡on:

fVOC-(Sum of detecled compounds)+(Sum of non-detecled compound PQLs.0.S)
- The Basel¡ne Total VOC Concenlralion is the average of lhe two modified total VOC concenkations

detected during the initial baseline sampling events.

Locât¡on svtiP-9 svlvtP-11 SVMP.12
Date

Compound

1t20t99
(mdml

1t27t99
(mg/m3)

1t20t9g
(msh1

1t27t99
(nrdm1

l/20/99
(msh1

1127t99
(ms/m]

1t20t99
(mdm1

1t27t99
(ms/m1

lTrichlorof, uoromethane

Mnvl Chloride

lChloromethane

lBro^o."th"n.
lchtoroerhane
I

11,1-D¡chloroethane
t-l,2-Dichloroelhene

1,2-Dichloropropane

1, 1,2-Trichloroelhane

1,2-Dibromoelhane

Chlorobenzene

c-1,3-Dichloropropene

t- 1,3-D¡chloropropene

1, 1,2,2-Tetrachloroethane

1,2-Oichlorobenzene

1,3-Dichlorobenzene

't,4-Dichlorobenzen€

1,2,4-Trichlorobenzene

l\¡elhylene Chloride

Chlorofo¡m

Cârbon tetrachloride

fetrachloroethene

frichloroethene

1,1,1-Trichloroethane

1,2-O¡chloroethane

>1,2-Dichloroelhene
l,1-D¡chloroethene

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.1

<0.5

<0,5

<0.5

6,400

6l
<0.5

1.2

100
<0.5

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

5,500
<250

<250

<250

<250

<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

5,900

200

<0.5

<0.5

620
<0.5

<250

4fi
<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

I1,000
<250

<250

<250

<250

<250

<0.5

<0.5

<0,5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

1.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

1.1

I I,000

120

2.6
<0.5

300
<0.5

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

55,000

<250

<250

<250

<250

<250

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

4
<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

<0.5

1.5

1.3

12,000

80

1,1

<0.5

130

5.7

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

<250

¡ß,000

<250

<250

<250

<250
<250

;um of Detecied EPA 601

lompounds 6,562.20 5.500.00 6.720.00 11.000.00 11,425.20 55,000.00 't2.223.60 43.000.00

vlodified Totral VOC
loncentrat¡on' 6,569.00 9,375.00 6,727.25 f 4,875,00 11,431.70 58,875.00 12.229.60 46,875.00

lasel¡ne Total VOC
)oncentrât¡on- 7.572.00 10.801.13 35.1 53 35 29.552.30
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Iable 4

Summary of Ground¡vater Sampllng Fleld Parameters
W.P. Ballard and Downgradient Properties

Greensboro, North Carolina

tvlvv-2

¡í\ /-3
t'íVV-4

trilvv-5

MW€
MW-7
trívv-8
tríw'-9

fiIW-10
II/TW-11

MW-12
ir\ /-13
tuvv-14
MW-l5
tlívv-17
tvtvv-18

MW-20
MW.21
l,ÍtN-22
tYlW-23
MW.27
t\,1\ /-28
LMP.1
LMP-2
DW-1
DW-2
DW-3
DW.4
DW-5
D\^J-7
DW-8
DW.9

DW.1,I
DW-I2
DMP-1
DMP.2
DMP-3
DMP-4

1212t98
12tA98
12t2t98
1212t98

12t298
12t2198
'12!2t98

1?/?/98
Qla98
1?/?,98
122t98
1t21t99
1t21t99
12t2J98
122t98
1?,?/98
1t21t99
1?/U98
pH98
12r2t98
1?/?/98
1?y?/98
1121t99

1t21t99
12/2J98
1?/?/98
1212t98

12t2198
't2tu98
12t2t98
12r2t98
12ø98
12tz98
12f2t98
1t21t99
1t21t99
1t21t99
1t21t99

5.70
4.90
5.50
5.40
5.50
5.60
4.80
5.73
5.70
6.30
5.80
7.10
7.70
s.60
6.10
6.01
6.30
6.10
6.66
6.20
4.70
4.80
6.80
6.70
6.20
5.50
5.50
5.60
6.10
6.60
6.50
7.00
8.30
7.9
5.80
7.60
7.10
7.10

150

35
95
19

31

56
37
60
17
47
't64

420
280
57
79
82
1y
63
100
598
235
25

318
79
178
83
61

57
114
172
u
'170
138
110
ô43
187

151

152

2.0
3.0
4.6
2.'l
5.9
4.9
2.0
1.8
à.1

5.5
4.1

3.9
NS
NS
4.0
5.8
3.6
NS

5.3
5.5
1.6

2.5
2.1
NS
NS
1.7

4.6
5.0
4.4
3.4
3.3
4.6
0.9
4.6
4.3
NS
NS
NS
NS

17.7

18.0
19.0
19.0
18.0
19.1

19.8
20.0
19.0
18.6
19.0
15.4
15.2
19.0
19.0
18.3
17.6
17.O

16.1

16.9
20.0
20.o
19.3
18.7
17.4
19.0
18.0
20.0
20.0
21.O
't8.6

17.9
16.4
19.0
18.0
't7.8
16.3
15.8

72
119
88
88
85
81

126
76

:66
45
68
83
70
78
26
60
126
50
18
43
130
125
129
128
47
88
93
80
47
27
29
21

€4
4',|
127
107

86
85



T¡blo 6

Summ¡ry ot Sh¡ltow Groundty¡tsr An¡lytlcrl D¡tr
W.P. Ballård and Do[rngradient proport¡o3

Greofl sboro, Norlh Carolina

Smple Lo€l¡m
Såmple Oåto

^nalysi¡ 
Method

ltw.r l¡w.2 Íw-3 ,tw4
5n¿uÍt2 A
EPA 601

It¿M 
'EPA EOt

,ttvûA t@&a
EPA6O.I EPAôO1 EPAOOl

lnuîN A
ÊPA 601 EPA 8Of

1? n|''N E

ÉPA 80r EPAEOl EPA6Ol
It¿M A
EPÀ 60I

tn(vt ö A
EPA OOl EPA OO.I

I49Né
EPA OOl

It¿tw ë
EP^ 80r

VC'IZ A
EP^601 EPÂ ôO1

I'IW Þ
EPA OOT

IU¿M ð
EPA 601

åna¡ytc
Methtoæ Chloride (uCL)
Chloúolm (uCL)
Chb{omthan6 (u9À)
C€rùq¡ Tôlrach¡o{ido (ug/L}
1. 1.OÈñ|ofæthane (ug/L)
l.2-[l¡chþræthõo (uCL)
'1. 1-O¡d¡lo{æthoæ (ugrrL)

c¡¡- 1.z-Oict¡ldærh€m (seiL)
Iran&l.2.Dichlqoolìrne (ug/L)
1,2.Dbhþfopfopam (ug/L)
fdflorælhm (ugr'L)
fotrad{oroüso (ugr'L)
1,1. f -Trirrb@lhåæ (u0/L)
t.1.2-Trictldoôlhano (ùe/L)

NUAV ZL
5.0

0.19
nm
0.3
7@
38

llm
70
7o

0.50
2.8
0.7
200

mne

<1.000
<1.000
<1,000
<1,000
<1,000
<1.(m
<1.000

NA
NA

<1,000
<1,000
3:l,mo
<1,000
<1,000

<t00
<100
<100
< 100
< 100
<t00
<100

NA
NA

<100
<1 00
8,OOO

<100
<100

<1,200
<250
<250
<2û
<250
<250
<25(t

NA
N^

<250
<29

tE ooo
<250
<250

<500
<100
<1@
<l@
<1æ
<100
<l@
<100
<t(x)
<100
<'100

ta6oo
<1@
<100

5¡.o
<200
<200
<200
<2@
<200
<2@

NA
NA

<200
<200

fl.0@
<200
<200

<t@
<100
<100
<100
<100
<100
<100

NA
NA

<100
<l(x¡
6,500
<100
<100

?50
<5(¡
<50
<50
<50
<50
<50
N^
NA
<5()
<50

a,tm
<50
<5{)

<500
<l@
<100
<1@
<1@
<100
<1m
<100
<100
<100
<100
9,0to
<100
<100

<10.000
<10.000
<10.000
<1o.000
<10.0@
<t0.0@
<10.0@

NA
NA

<10.0@
<f0.000
27q000
<10.000
<10,000

<5,000
<5,000
<5,000
<5,000
<5,(xx)
<5.@0
<5.0@

NÂ
NA

<5.000
<5.000

250,000
<5,(m
<5.000

<1(xþ
<10@
<1000
<t000
<1000
<10@

2.100
NA
NÂ

<1000
<1000

1rq000
<1000
<1000

<25.000
<5,0@
q5,@0
<5,000
<5.0@
<5.0@
<5,0(þ

N^
N^

<5,0@
<5.0@

2(þ,OOO
<5,000
<s,(xx)

<25.OOO

<5.@O
<5,000
<5.000
<5.@0
<5,000
<5.000

NA
NA

<5.@
<5.OOO

20o,00o
.5,000
<5,0@

<500
<l@
<100
<100
<1(þ
<100
<100

310
<1@
< 100
2lo

tsao@
<100
<100

<2,500
<5@
<500
<5@
<500
<5(X)
<500
<500
<500
<500
<500

s4,000
<500
<500

<2.000
<2.(m
<2.000
<2,000
<2.(m
<2.(m
<2.000

NA

N^
<2,000
<2.000
65,mO
<2,qx)
<2.(m

<12.0(X)
<2,5@
<2.500
<2.500
<2.500
<2.5{þ
<2,500

NA
NA

<2.500
<2.500
39,000
<2.500
<2.500

<2.500
<2.ffi
<2.500
<2.500
<2,500
<2.500
<2.500

NA
NÂ

<2.500
<2.500

3E.OO0
<2.500
<2.500

<500
<1@
<100
<tq)
< 100
<'l@
< t00
<t@
< t00
<100
< r00

t7,000
<t@
< 100

Ssmplo Locåt¡m:
Ssmplô D¡to:

AúlY¡¡s Mâlhod'

HW.5 rw¿ xw-7 tw{
EPA@1 EPA 8{¡I

TI¿MA
EPA 60I EPA 60T

vÆfitzA
EPA 6Ot

/rttffi
EPÂ 6III

1Z^r?NE
EPA 60I

rryw^
EP 001 EP^ 601

IIIMA
EPA@I

tu;ßôé
EPA 6Ot EPA 8OI ËPA 60t

t,17ñXt A
EP^ 8ôt

t&Ma
EP^ 601

AfraryF
lrothrlcm Ch¡dido (uo/L)
]hþrororm($/t)
ihbrornoúuna (qgn-)

c8rùoñ Tôlræàþri& (uc/L)
I,l.D¡ctúoroeth¡no (uCL)
|,2-Ohiloúo.ùam (ug/L)
l,¡.O¡chlo@thôm (ug/L)
is-1.2-Di$¡ry€l¡ono (ug/L)
ffi 1.2-tI€lìþræthom (ug/L)
1.2-Oicrìlofopropåne (uøL)
friô¡qwùþno (ug/L)
f dracñþroathoæ (ug,,L)

l. 1,1 -Triìbf oôùlm (ug/L)
1,1,2-Tri:hlorælhæ (u!rl)

5.0
0.19
nono
0.3
7@
38

mno
70
70

0.58
2.4
0.7
2@
m

<2@
<200
<2(þ
<200
<2æ
<200
<200
NA
l{A

<2@
<200

9,50O
<200
<200

<100
<100
<t@
<1@
<100
<t00
<100
¡t
t.l^

< 100
<t(x)
5.100
<100
<100

<500
<1@
<t@
<tm
<1@
<100
<l0q
NA
NA

<l@
<100
0,300
<l(xl
<100

<5.0
<1.0
<1,0
<1.0
<1.0
<1.0

c.0
t.5

<1.0
<1.0
1.2

tæ0
<1.0
<1.0

<10
<10
<10
<10
<10
<10
5a
NA
r{A
<10
<10
fi
t8

<10

<5
<l
<1
<1

<1
<1

6t
NA
NA
<l
<1

2E
10
z6

<5.O
<1.0
<1.O
<1.0

1

<1.0

203
't.9
't.6

<1.0
<1.O

66
10
LE

6.t
<1
<1

<1

12
<1
<1

}l^
t{A
<l
<1

l.a
1.1
<f

<1

t.a
<1
<1

30
<l
5.9
NA
NA
<1

<l
2.1
ô

<1

<5
<l
<1

<1

10
<1

LE
NA
NA
<1
<1

1.3
3.4
<1

<5.0
<1.0
<1.O
<1.0

2.3
<1.0
<1.0
<1.0
<l.o
<1.0
<1.0
<l.o
<1.0
<t.o

7.t
<1
<1
<l
<1
<1
<1

l{^.
t¡A '
<1
<l
4.5
<1
<l

<1
<t
<l
<1

<1
<t
<l
l\l,A

NA
<t
<l
3.¡
<l
<1

<5
<l
<l
<1
<l
<l
<1

NA
t,tA
<1
<1

L6
<l
<1

<5.O
<1.0
<1.0
<1,0
<1.0
<1.0
<1.0
< 1.0
<1.0
<1.0
<t.o
1.2

<1.O
<1.0

Not€s: Compor¡nds dôtoctod above tho l,lorlh CroÛl¡ 2L St¡ndtd are ¡hoìyn ln bold.
A - ¡ndlcatc! r¡rnplo¡ collcciod Þy lilorlcildr Er¡hocrùrg, lnc.
I . hdlcstcr ¡¡rilpþ¡ col¡octrd by F¡¡or DmLl CTl. lrlc.
NA donolcr cornpound not anslyzod
NS denotor *rll not s8nìpþd
Monilorlng woll¡ MW16. Ml/lÊ19. ÍrintìÊ2a, [nìÉ25 üd MW-26 mre destoyod durhg tlto condrudþn sd¡vilos.

Ple. lof3 3¡29/00



T¡bl.6

Groundw¡lor Analytlcal Rotult3 lor Sh¡llow Groundyvaler llonltorlng WoÍ¡
W.P. Ballard and Ooi,rìgrsdiônt propeniôs

Gr€onsboro. Nodh Carolina

S¿mptô Locaùon:

Samplc Oato:
Anslvr¡ M€lhôd:

HW.0 [¡W-tO ¡w-lt
I'g'UJ A
EpA 601

TT¿1ñN A
ePA 601 EPA 60I

Ilrué
ÉPA 60r

lzMuü ¿,

EPA Alt EPA 60I EPA@T
Ttanx A
EPA 601

vltTlÆA
EPA ôOI EP^ 60r EPA@1 EP^ 001

twA
EPA ô01 EPA ôOI

lAszrB E

EPA 601 EPA ôOI
,re^
ÊPA 60r EPA 60I ÉPA@I

Æatlm
loûrylôm ChþfË€ (ug/L)
)hbfolm('¡e/L)
)hbomL\¡m(uCL)
:¡rùon Totr¡ólorido (ugL)
, l.Dròloro.thrno (q/L)
,2-Obl¡ldoab\am (qg/L)

. l-Orl¡loroathôno (u!r'L)
¡$f ,2-Di:hloroct¡o¡€ (uC/L)
råns. l.z-D¡chþfootñôm (uo/L)

,2-Diôldopropm (ugrL)
',Kìtoúot}þß (ued-)
'€lrachlofoo¡hôm (u0/L)

. 1,1.Tn€ìbfoth¡m (ug/L)

. 1.2-Tr¡chkxo.thuo (uo/t)

5.0
o.r9
ooæ
0.3
700
38

llm
70
70

0.5ô
2A
0.7
2@

Må

9.5
<1

<1
<1
<l
<1
<l
NA
N^
<1
<1

1¡t
<1

<l

<l
<1
<1
<1

<1
<1

<l
NA
NA
<1
<1

7.7
<1
<l

<5
<1
<1

<1
<1
<1
<1

NA
NA
<l
<l
,t.3
<1

<l

<l
<'l
<l
<1
<l
<l
<1

t{^
NA
<f
<l
3,E
<1

<1

<5.O
<t.0
<.1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1 g
c.t
<1.0
<1 0

<250
<250
<250
<250
<250
<250
<250

NA
NA

<2æ
<2æ

t3,000
<250
<250

<1@
< t00
<100
<1(x¡
<l@
<l@
<100

NA
NA

<100
<100

¿20o
<1@
<100

<100
<1m
<100
<100
<1@
<.t00
<100
t{^
NA

< t00
<1@

t2,000
<100
<100

<2.5@
<500
<500
<500
<500
<5@
<500

NA
N^

<500
<500

la@
<500

<5@

<250
<250
<250
<250
<250
<250
<250

NÂ
NA

<250
<250

11,000
<250

4û

<5.0
<1 0
<1.0
<1.0
<to
<t.0
<1.0

5.8
<1.0
<1.0

21

12,000
<1.0

11

<l
<l
<l
<l
<l
<1
<1

NA
l{^
<1

<1

<l
<f
<l

<5
<t
<1
<l
<1
<1
<1

l{A
NA
<1
<1

<1

<1

<l

2.1
<t
<1
<t
<1
<l
<1

NA
NA
<l
<1
<1

<1

<l

<5.0
<1.0
<1.0
<1.0
<1.0
<1.0
<f .o
<1.O
<1.0
<t.0
<1.0
<1.0
<1.0
<1.0

<1
<1
<f
<l
<1
<1
<1

NA
NA
<l
<1
<l
<1

<l

<25
<5
<5
<5
<5

<5
<5

NA
NA
<5
<5

't10
<5
<5

4
<1
<1

<l
<t
<1
<1

NÂ
NA
5.
1.2

1

<1

<,1

<5.0
<1.0
<t.0
<1.0
<1.0
< 1.0
<1 0
<1.O

<1.0

209
2.a
2.7

<1 0
<f o

Sample Locâl¡on
Samph Dâte

AñâtvGir Mald

t¡w-t ltw.tl Lw..t3 rw-r8 t¡w-lt

EPA 8OI
TN\X' A
EPA ôOI

ln1n eg
EPA@I

õ/2¿5rgtA
EPA ôO1

7/9!¡OA
EPA OOl

fffiu
EPA60I EPA 601 EPA ôOI EP^ AOI

lZ ntxtE
EPA 60I

ltlu',öA
EPAOOl

tr¡qæ Þ
ÉPA ôO1 EP^ 601

,'Ilru ö
EPA601 EPA 60I EP^ 60r

^ü¡lßaMolhylonô Chbito (r4/L)
chþfofm(4rL)
Cttlorornolttam (u0rt)
Crbon T.lr¡{âlcid. (ue/L}
1, 1-Obh¡oroclh.o. (ue/L)
l,2.Dk'lbro.Ut ¡t (ug/L)
t, üD¡dÍorocthof¡â (ue/L)
:¡5l.2.Dicùblooüþne (ug/L)
råne1.2-Dkàþræth.m (ug/L)
|.z-Dicàboproge (ug/L)
fticñbælhorìe (q/L)
feret¡þroothôno (ug/L)
¡,1,l-Triôbo.Ûl¡æ (ug/L)
1.1,2-Tri$fsÐû[p (qg/L)

5.0
0.19
mc
0.3
700
30

mne
70
70

0.50
2.6
0.7
200

llm

<l
<1
<l
<t
<1
<1
<1

NA
NA
<1
<1
<1
<1
<1

<5
<l
<t
<l
<1
<1

<l
NA
NA
<1
<1

t
<1
<1

1.5
<l
<1

<1
<1

<1
<1

N^
NA
<1
<1
<1
<1
<l

<5
<1

<1

<l
<l
<1
<l
<1
<1
<1
<1
<1
<1
<l

<1
<1
<t
<f
<1
<l
<1

N^
nl^
<1
<l
<1
<'l
<1

<5
<l
<1

<1
<l
<1

<1

NA
NA
<l
<1
<1
<l
<1

<1

<1

<1
<1

<l
<t
<1

l{A
l{A
<1
<1
<,|
<1
<1

<5
<l
<1

<t
<1
<l
<1
<1
<1
<1
<1
<1
<1
<1

€5
?t
<5

29
<5
<5
<5
N^
NA
<5

tto
a2
<5
<5

<t
2t
<1

2a
<1
<1
<l
NA
NA
<1

95
33
<l
<l

<5.O

21
<1.0

t¡
<1.O
<1.0
<f .0
18

<1.0
<1.0
221
30

<1.0
<1.0

<6
<1
<t
<1
<l
<,|

<1

t{^
t{A
<l
<¡
<1
<1
<1

1.1
<1

<1

<1
<1
<l
<1

.NA
NA
<1

<1
<1
<'¡
<l

<250
<50
<50
<50
<60
<50
<5{¡

NÂ
l,l
<50
7to

5,æ0
<50
<50

<50
<50
<60
<50
<60
<50
<50
I'lA
l{A
<50
620

5,200
<50
<50

<10

tl
<10

l¡10
<10
<10
<10
N^
l{^
<10
120
2E

<10
<10

<5.O
<1.0
<1.0

e.a
<1.0
<1.0
<i.0
59

<1.0
<1.0
aeo

2,aoo
<1.0
<1.O

Notoc: Conrpounds dåtcctod above thc North C¡rolha 2L Sl.lid¡rd ¡r! lhown h bo¡d.
A - hd¡c¡¡tos sûnpþr collcctod by lJtoftoilcfi Enghccrhg, lnc.
I - hdkxllos ¡ampþt colþclad by Fþor D¡nlcl G'n, lnc,
NA donolor cornpouÍd not analy¿cd
NS donolo! srll not æmplcd
Monltoring woll6 MvtÈ16. llíW-19, tvtw-24, Ív¡/ì/-25 Íd l/trtilÊ26 wcrc dostroycd durhg rltc cdtdri¡dlon ¡ctMtþs.
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T¡blc 6

Groundwator An¡lytlc¡l Ro¡ult¡ lor Sh¡llow G¡oundw¡ter ìronltorlng W¡il,
WP. Ballard and Domgrad¡sot prop€rliôs

Groensboro, North Carol¡na

Sampb Local¡m:
SampL Da!a:

Âmlv¡¡r Môlhôd'

xw-lt l¡w-t9 tw.20 l¡w.2r ttw-22tgt,E^
EPA 601

t0,o7/æ E

EPA60I
lzl/r¿Zl9g a

EPA60I EPA 601
rqrrvo t,
EPA6OI

twt ltt A
EPA 601 EPA80r

I&ME
EP^ 60r EP^ €Or

toørËA
EPAôOI

tqrE u
EP^60r EP^ aot

luarË^
EP^ 60r

lwlæ E
EPAOOl EPA AOTAnxyr

Uoù¡ylm€ Chlqido (ug/L)
:hbofm (ug/L)
lhloromthæ (uC/L)

:âròon Tótr¡chlsido (ug/l-)
l,'l-Dichldootham (uC/L)
1,2-DicilræthaE (qgL)
l. 1.ùc¡ltroothoþ (uon-)
i8.1,z-Dicl¡lqæthono (ug/L)
rðs-l,2.D¡chlo(€thm (ue/L)
l.2.Did¡húopropm (uCL)
fri¡:hldooltme (ug/L)
fokætjøærhon! (uC/L)
l. 1, l.Tricñldmthan€ (u!/L)
l. 1,2-Tr¡¡:hlroothsno (uor'L)

5.O
0.19
fìono
0.3
700
38

llm
70
70

0.50
2.8
o.7
200

nom

<250
<50
<50
<50
<50
<50
<50
NA
NA
<50
41)

¿roo
<50
<50

<.1@

<10
<200
<30

<100
<l@
<100
¡\l^
NA
<20
3to

t,600
<l@
<100

<5.O

<1.0
<1.0
<1.O
<1.0
<1.0
<1.0

1E
<l.o
<1.O

aæ
2.100
<1.0
<1.0

<2.5
<o.50
<).50
<0.50
<o.50
<0.50
<0.50

NA
NA

<0.50
<0.50
<0.50
<o.50
<0.50

<1
<0.19

<2
<0.30

<l
<l
<1

l,lA
NA

<0.20
<1

<0.70
<1

<l

<2.5
<0.50

<).50
<0.50
<0.50
<0.50
<0.50
l'l^
N^

<0.50
<0.50
<0.50
<0.50
<0.5()

<l
<0.19

<2
<0.30

<l
<1

<1

NÂ
NA

<0.a)
<i

<!.70
<1
<l

<5
<1

<l
<l
<1
<1

<1
<l
<l
<1

<1
<1

<1

<l

<5

<1
<l
<1

<t
<1
<1

<1

<l
<1

<1
<l
<l
<l

4.6
<0.50
<o.50
<,.50
<o.50
<o.50
<o.50

t.|A
N^

<0.f)
't1

ct
<0.50
<0.50

<1
<0.10

<2
<0.30

<l
<1
<1

l.¡^
l'|'A

<0.20
<1

7.t
<l
<1

<5.O
<1.0
<1.0
<1.0
<1.0
<t.0
<1.0

r.9
<1.0
<1.0
t0

310
<1.0
<1.0

<120

45
<25
<25

45
45
<25
N^
NA
<25
a2

1500
<25
<25

<l
<0.19

<2
<0.30

<1
<1
<1

NA
NA
2,a
53
oto
<t
<l

<5.O

<1.0
<1.0
<1.0
<1.0
<1,0
<1.0
31..1
<1.0
<1.O

fio
l,zut
< 1.0
<t o

Samds L€t¡oô:
Sarlplo Dåle:

ÂdvdrMâlH'

IW.23 ltw-24 xw.25 mw-26 rw-27 rw-2t LTP-.I LlrP.2

EPASOI
1wilfö g
EPASO'

12 riuÌôE
EPÂ OOI

10r//9õ A
EPA 601

TWIE ö
EP^60r ÉPA60r

luilfã s
ÉP^60r

1uilÍß A
ÊP^ A0 l

ìqlÞ Þ
EPA6O'I :PA 601 EP 60r

wütnil a
iPA 6ôr

12.ñ2tfra ø
ÉPÂ 60r

utz¡Þ ü
EP 60r ÊP^ 60r

Anar)tr!
Molhylom Chlq¡dô (ue/L)
Chlsofom (uo¡ll)
Chldmothsm (ug/L)
Carùon Telrsc¡¡þridå (ugiL)
1. 1-Oic¡lrælhæo (se/Ll
1,z.O¡chþrælhåoo (uCL)
1, |-D¡chloúælhôno (uCL)
c¡s.l,2.Dichlorooüþno (ug/L)
Irmel.2.Di$lorootlìono (ugL)
l.2.Dhñlqopropm (qrL)
frichloroethm (ue/L)
folrachþrøtþno (r¡grl)
i.1.1-Tri:t¡lsoeüìu (ug¡-)
1. l.2.Tftihb@thm (u!/L)

UAV ZL
5.0
0.10
ndtô
0.3
700
38

nonc
70
70

0.50
2.8
0.7
2@
¡ìm

4.3
1.f

<0.50
<0.50
<0.50
<o.50
<0.50

l{
t{A

<0.50
<0.50
<0.50
<o.50
<0.50

t6
t.t
4

<0.30
<l
<1
<l
l{^
t{^

<0,20
<1

<).70
<l
<l

<6.0
<1.0
<1.O

<1.0
<f .0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0

<0.05
<0.50
<0.50
<0.50
<0.50
<0.50
<0.50

N^
NA

<0.5()
<0.50
<o.50
<0.50
<o.50

<1
<0.19

<2

<0.30
<1
<l
<1

NA
f\ùA

<0.20
<1

<o.70
<1

<1

<2.5
<0.50
<0.50
<o.50
<0.50
<0.50
<0.5{¡

l{A
tlA

<0.50
<0.50
<o.50
<o.50
<o.50

<l
<0.19

<2
<0.30

<1

<1
<l
t{A
t{A

<0.20
<1

<0.70
<l
<1

<2.5

0.87
<0.50
<0.50
<0.50
<0.50
<0.50

N^
NA

<0.1,
<0.50
<0.50
<0.50
<0.50

<1

0.a0
<2

<0.30
<1

<l
<l
NÂ

NA
<0.20
<l

<0.70
<l
<1

<200
<N
4ú
<2{X)
<2@
<2@
<2@

teooo
<200
<200

tí,000
<200
<200
<2(X)

<5.0
<1.0
<1.0
<1.0
<l.0
<1.0
<1.0

¡,300
t3

<1.0
t,tao
<1.0
<1.0
<t.o

<200
<200
<2@
<2@
<200
<2@
<200

2t0
<2@
<200
tEo

<200
<2@
<2(A

<5.0
<1.0
<1.0
<1.0
<1.0
< l.o
<1.0

r,tt0
3

<1.0
t@
to

<t.0
<t.o

<5.0
<1.0
<1.0
<1 0
<1.0
<1.0
<1.0

a7.!
t.{

tt70
<1.0
742
<1.0
<1.0
<1.0

<6.0
< 1.0
<1.0
<1.0
<1.0
<1.0
<1.0

l0
<1.0

23t
<1.0
25.1
<1.O
<1.0
<1.0

Notor: Cornpounds dolodcd ¡bovc ü'tc ilorû Cûoüm 2L St¡ftlard sro rhown h bold.
A - hdlcdos rgltplc¡ coücclcd by lrortclEdl Engheorhg. lnc.
B - hdlcatcr rarnplcr colcdcd by Flrø Oanlcl GTl, lnc.
l.¡A dsnotca comæund nol ¡¡tnod
NS donotes uroll not sampLd
Monitorhg rcIs tn\Ê18. ìn Ê19, MVS2{, m^/-25 snd ùfyÊ26 wrrc dcsùoycd dl¡fhg ltto oondructtoo âdiviücr.
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Table 6

Summry of Doôp Groundwatêr Anatyt¡cal Data
WP. Eallard and Downgrad¡ent properties

Gfeonsboro. North Carol¡nâ

fìample Locat¡on:

Sampl€ Dato:

,qna¡ysis Mè¡hod:

DW-l ow-2 DW-3 ow-4 DW-57t2A A

EPA ôO1

7t12J A

EPA6Ol

t2Ì2ß8A
EPA60I

7na94 A

EPA 601

7111t% A

EPA 601

12ø988
EPA 601

7Í22t94 A

EPA 601

7/10/96 A

EPA 601

7/10/96 B

EPA 60I
12JA98A

EPA 601

72A94 A

ÊPA 601

7t11t A

EPA60l
12ø988
EPA 601

7n5l96 A
EPA 601

7/15/96 B

EPA 601

l2r2t98 B

EPA 601Ana¡yte

Mothylone Chlorido (u€r'L)

Chlorofom (ug/L)

Chloromethans (ug/L)

Carbon Tetrachlor¡dê (ug/L)

1, 1-O¡chloræthano (ugr'L)

1,2-Diclìloroelhane (ug/L)

1. l -D¡cñloroethene (ug/L)

cis-1.2-0¡chloræth€ne (ug/L)

lrans-1,2-Dichloroethenê (ugr'L)

1.2-Oichloropropang (ug/L)

Iric¡loro€thene (ug,/L)

fekac¡loroelhane (u9/L)

1,1,1 -Trichloroethane (ugr'L)

1,1,2-'frichloroethane (ugy'L)

NCAC 2L

5.0

0.19

nonô

0.3

700

38

none

70

70

0.56

2.E

o.7

200

none

1.2

6.1

<1.0

<1.0

<1.0

<f.0

1.6

NA

NA

<1.0

< 1,0

3'l

1.4

<1.0

'14

<1.0

<1.0

<'1.0

<1.0

<l.0
4,6

NA

NA

<l.0

3

59

4.8

<1.0

<5.0

<1.0

<1.0

<l.o
<'t.0

<1.0

<1.0

29.2

<1.0

<1.0

52.1

182

J

< 1.0

<1.0

3.2

<1.0

<1.0

<1.0

<1.0

23

NA

NA

<1.O

<1.0

55

4.4

<1-0

<12

<2.5

<2.5

<2.5

<2.5

<25
<2.5

NA

NA

<2.5

<25

110

5.6

<2.5

<5.0

<1.0

<t0
<1.0

<1.0

<1.0

<l 0
<1.0

<1 0
<1.0

I
126
<1.0

<1.0

<100

<100

< t00
<100

<100

<1 00
<100

NA

NA

<100

<100

19,000

<1 00

<100

<12.000

<2,500

<2.500

<2,500

<2.500

<2,500

<2,500

NA

NA

<2.500

<2.500

62,000

<2,500

<2.500

<1,000

< t,000
<2,000

<1,O00

<1,000

<1.000

<1.000

NA

NA

<1,000

<1.000

60,000

<1,000

<'l.000

60

4
<1.0

<1.0

<1.0

<'1.0

3

24.5

1.4

<1.0

56.1

ô6,000

<f0
21.'l

<1 00
<100

<100

<100

<100

<100

<100

NA

NA

<100

<1 00

10,000

<t00

<'100

<1,200

<250

<250

<250

<250

<250

<250

NA

NA
<250

<250

1ô,000

<250

<250

<5.0

<1.0

<1.0

<1.0

<1.0

<1.0

<1.0

s7.7
<1.0

<1.0

u.4
8,600

<1.0

<f .0

<5

20
<'1.0

100

<1 0

2.7
<1.0

NA

NA
<1 0

94

19

<1.0

<1.0

<10

3l
<10

140
<10

<10

<10

NA

NA
<10

'l20
2E

<10

<10

<5.0

20
<1.0

27

<1.0

<1.0

<1.0

14

<1.O

< 1.0

7E

54

<1.0

<1.0

Sample Localion:

Sample Date:

Analvs¡s Mâlhôd

DW-6 DW-7 OW€ ow.9
7/15/96 A

EPA 601

7/15/96 B

ÊPA 60r

7/15/96 A

EPA60l
7/15/96 B

EPA 601

1ü4948
EPA 601

7/15/96 A

EPA 60I
7t15t%B
EPA 601

12nt98B

EPA 601

7/15/96 A
EPA 601

7/15/96 B

EPA 601

10/6/96 A

ÊPA 601

f0/6/96 I
ÊPA 601

12ru984
EPA601

Analyte
\tsthylena Chlof ido (ug/L)

:hlorofom (ug,/L)

Shloromsthane (ug/L)

;arbon Tetrachlor¡ds (ugr'L)

I, I -D¡c¡ìloræthano (ug,/L)

1,2-Oiclìloræthane (ug,/L)

l. I -Dichloroathene (ug/L)

:i8-1,2-D¡chloroolheno (ug/L)

rane-1.2-D¡chloroelh6ne (ug/L)

1.2-D¡chloropf opane (ug/L)

lrichloro€thon€ (ug/L)

letrachloroolhene (ugL/L)

, l. l -Tr¡chloroethâne (ug,/L)

, 1,z-Trichloroethane (ugr'L)

NCAC 2L

5.0

0.19

none

0.3

700

nono

70

70

0.56

2.4

o.7

200

none

<5

1.5

<1.0

<1.0

<1.0

<1.0

<1.0

NA

NA

<1.0

<1.0

1.1

<1.0

<1.0

<1.0

2.4
<2.O

<1.0

<1.0

< 1.0

<1.0

NA

NA

<1.0

<1.0

1.6

<1.0

<1.0

<25

<5

<5

<5

<5

<5

<5

NA

NA

<5

<5

230
<5

<5

<1.0

2.9

<2.O

<1.0

<1.0

< 1.0

<1.0

NA

NA

2.1

1.0

't80

<1.0

<1.0

<5.0

<t.0
<1.0

<1.0

< 1.0

<1.0

<1 0
<l.0
<1.0

<1.0

10

205

<1.0

<1.0

<500

<100

<100

<100

<100

<t00

<100

NA

NA

<100

ô30

3,700

<100

<100

<100

<100

<200

<100

<100

<100

<100

NA

NA

<100

40
2,600

<100

<100

<50

<'1.0

< 1.0

<1.0

<1.0

<1 0
<1.0

2E0

<l.0
<1.0

380

1,620

<1.0

<'l.0

<5

3.4

<1.0

<1.0

<1.0

< l.o
<1 0

NA

NA

<1.0

<1.0

<1.0

<1.0

<1.0

<1.0

4.5

<2.O

<1.0

<1.0

< 1.0

<1.0

NA

ltA
<1.0

<1.0

S.4

<1.0

<1.0

5.3

1.5

<0.50

<0.50

<0.50

<0.50

<0.50

NA

NA

<0.50

<0.50

<0.50

<0.50

<0.50

6

1.2

<2-O

<0.30

<1.0

<1.0

<'1.0

NA

NA
<0.20

<1.0

<0.70

<1.0

<1.0

<5.0

<1.0

<1.0

<'1.0

<1.0

<1.0

<1.0

< 1.0

<1.0

<1.0

<1.0

<1.0

<1.0

<1.0

Notes: compounds detected above the North carolina 2L standard are shown in bold.
A - indicates samples collected by Mortensen Engineer¡ng, lnc.
B - ¡ndicates samples colected by Ftuor Daniel GTl, lnc.
NA denotes compound not analyzed
Deep monitoring wells DW€ and DW-10 were destroyed during site construction act¡v¡t¡es.
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Tabte 6

Summary of Doop Gfoundwator Analytlcal Dåta

W.P. Eallard and Downgradient prop€rt¡Bs

Greonsboro, Norlh Carol¡na

Samplo Loc¿lion

Sample Date

Anelvs¡s Melh.xl

DW.1O ow-1t DW-r2 OMP-1 DMP.2 DMP-3 DMP.{
7t15t% A

EPA 601

7t1g%a
EPA60l

10/6/96 Â
EPA 601

10/6/96 I
EPA 601

10/6/96 A

ÊPA 601

10/6/96 I
EPA 601

12Í2198 B

EPA 6Of

10/ô/96 A

EPA601

r0/6/96 B

EPA 60I
12tu988
EPA60t

1121199 B

EPA 60I
1t21t99 B

EPA60I
1n1ß98
EPAæI

1n1ß9A
EPA 601

Analyte
iêthylene Chlor¡do (ugi L)

)hloroform (ug/L)

)hloromelhano (ug/L)

)arbon Tstrac¡loride (ugr/t.)

. I -D¡chloroethano (ug/L)

,2-O¡chloræthano (ugr'L)

, 1 -Dichloroethene (ug/L)

;¡s-1.2-Dichloro€thene (ug/L)

rans-i,2-D¡chlqoethenê (ugL/L)

,2-D¡chloropropane (ug,/Li
-richloro€thsns (ugr'L)
'€lrachloroethenô (ug/L)

, l, 1 -Tf ¡chloroethans (ugj/l.)

. 1.2-Trichloroothane (ug,ll-)

NCAC 2L

5.0

0.19

nons

0.3

700

38

non9

70

70

0.56

2.A

o.7

200
nona

<5

<1.0

<1.0

<l.0
<1,0

<1.0

< 1.0

NA

NA
< 1.0

<1.0

<1.0

<1.0

<1.0

<1.0

3.'l
<2.O

<1.0

<1.0

<'1.0

<1.0

NA

NA

<1.0

<1.0

1.9

<1.0

<1.0

<2.5

<0.50

<0.50

<0.50

<0.50

<0.50

<0.50

NA

NA
<0.50

<0.50

<0.50

<0.50

<0.50

<1 0
<0.19

<2.0

<0.30

<1 0
< t.o
<1.O

NA

NA
<0.20

<1.0

<0.70

<1.0

< 1.0

<2.5

7.1

<0.50

<0.50

<0.50

<0 50
<0.50

NA

NA

<0.50

<0.50

<0.50

<0.50

<0.50

<1.0

5.4
<2.0

<0.30

<1.0

<l.o
<1.0

NA

NA
<0.20

<1.0

<0.70

<1.0

<1.0

<5.0

<1.0

<t.0

<l 0
<1 0
<1.0

<1.0

<l.0
<1.0

<1.0

<1.0

<1.0

<1.0

<1.0

<2.5

4.1

<0.50

<0.50

<0.50

<0.50

<0.50

NA

NA

<0.50

<0.50

<0.50

<0.50

<o-50

<1.0

4.2
<2.O

<0.030

<1.0

<l.0
<1.0

NA

NA

<0.20

<1.0

<0.70

<l.0
<1.O

<5.0

<'1.0

<1.0

<l.0
<l.0
<1.O

<1.O

<1.0

<1.0

<1.0

<'l.0

<f .0

<1.0

<1.0

<5.0

6.0
<1.0

<1.0

<1.0

<1.O

<1.0

1520

24.0

28.0

<t.0

60.7
<l.o
<1.0

<5.0

7.5
<5.0

<5.0

<5.0

<5.0

<5.0

24.5
<5.0

<5.0

<5.0

254
<5.0

<5.0

<25.O

<5.0

<5.0

<5.0

<5.0

<5.0

<5.0

<5.0

<5.0

<5.0

<5.0

sE0

<5.0

<5.0

<50.0

<10.0

<10.0

<10 0
<10.0

<10.0

<'10.0

259

<10.0

<f0.0
<10.0

3460

<10.o

<10.0

Notes: Compounds detected above the North Carolina 2L Standard are shown in bold.
A - indicates samples collected by Mortensen Engineering, lnc.
B - indicates samples colected by Fluor Daniel GTl, lnc.
NA denotes compound not analyzed
Deep monitoring wells DW6 and DW-10 were destroyed during site construction activ¡t¡es.
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Foreword

Some 80 percent of the hazardous waste sites in the United States have contaminated gound water.

Conventionally, the treatment of contaminated ground water has bcen done by extracting the contamina-

ted water, treating it above gound, aird reinjecting or discharging the clean water ("pump-anôtreat").
The cxtracted contaminants must be diryosed of scparately. It is becoming increasingly apparent that
pump-an&treat tcchnologies require considerablc investmcnt (betuæcn S14-17 million) over a long time
(30 years or longer), and may not actually clean up the source of the conta.minatio¡l. Cr¡rrent policies and

law stress "permanent" remedies over contaínment. Conseçently, there is considerable interest and

effort being expended on alternative, innovative treatment technologies.for contami¡ated gound r¡iater.

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 motÍlity of contaminaûts 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 ad&ess the problems

associated with hazardous waste sites and petroleum contamination. This and other reports are available

ro the public on line from the Technolory Innovation Office r¡æbsite: http//clu-in.org/pubitech.htm.

$¡rfactant Enhancements
Treatment Walls

HydrofracturingÆneumatic Fractwing
Cosolvents

Electrokinetics
Thermal Enhancements

In Sir¿ Chemical Oxidation
Cround-W at er Circt¡latio n Vf ells
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lntroduction

PurPose and Process

The pr.'pose of this document is to deþribe completed and ongoing pilot dcmonstrations and full-scale

oppti"ations of ¡¿ så¿ chemical oxidation technologies for the remediation of soil and ground water at

uastc disposal and pill 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 Inforrnation $ystem for

Innovarive Treatmenr Technologies (VISITT). Additionat materials uære ohainedfrom EPA Regional

Offices, Department of Energrct-.ff "t 
the Oak Ridge National Laboratory and V/estingþousc Savannah

River, Department of Defenõ site staff, and Batte[J Laboratories. Personal intervieun and discussions

with representatives of EpA and other federal agencies, state environmental çality offices, academic

research centers, hazardous waste remediation cõnsulting fIrms, and technologl vendors provided

supplemen t arY informat ion.

TechnologY Ì'leeds

In sítuchemical oxidation is one of several innovative technologies that show promise in destroying or

degrading an extensive variety of haza¡dor¡s wastes in ground water' sediment, and soil' The oxidants

used are readily available, and treatment time is usrally measured in months rather than years, making

the process economically feasible.

Enrichment with dissolved oxygen has been strown to stimulate ín situ biological Processes, but also is

used at at least one site to oxidize arsenic. Potassium pernanganate is a stabþ and easily handled

oxidant in both solid and solution form. Hydrogtn p"ioxide can be costly, and because of its volatility

reçires protective measures. Nevertheless, ttre stroiter Process may save on labor and operating costs'

In sítuchemical oxidation can be applied in conjunction with other treatments such as Pump-and-trea¡

and soil vagor exiraction to break down remaining cotopounds. lt is less costly and disnr.otive then other

traditional soil treatments strh as excavation and-incinËration. In situ chemical oxidation may be used in

applications wt¡ere the effectiveness of bioremediation is limited by the range of contaminants andor

climate conditions.

TechnologY De s criPtion

In situchemical oxidation is based on the delivery of chemical oxidants to contaminated media in order

to either destroy the contaminants by convertini ttrem to innocuous compounds commonly for¡nd in

nature. The oxidants applied in this fro."r, are typically hydrogen peroxide ([tQ)' potassium

permanganate (KMnO.), oron"' or, to a lesser extent, dissolved oxygen (DO)'

The most common field applications thus far have been based on Fenton's Reagent wtrereby hydrogen

peroxide is applied witfr an iron catalyst creating a hydroxyl free radical' This hydroxyl free radical is

capable of oiidizing complex organic compounds. Residual hydrogen peroxide decomposes into '¡¿ater

andoxygen in the subsurfìce 
"nd.ny 

,"toining iron precipitates out' This process has a history of

application in waste treatment fields.



The volume and chemical composition of indiviú.¡al trearments are based on the contaminant levels and

volume, subsurface characteristics, and pre-application laboratory ¡est results. The methods for delivery

of the chemical may vary. The oxidani 
"on 

u" injected rhrough a r¡æll or injector head di¡cctly into the

subsurface, mixed with a tatalyst and injected, or combined with an extrac¡ from the site and then

injected and recirculated. tn the case oitrydroçn peroxide, stabilizers may be needed because of the

compound's volatility.

In sítu ctrcrrical oxidation is bcing r¡scd for grourd water, sedment, and soil rcmedation. lt can be

apptied to a varicty of soil typcs-and siz.r Gitt and clay). It íl-r¡scd to treat volatile organic chcmicals

&bgs) inctuding di"hloro"thãne (DCE), trichloroethene (TCE), tetrachloroethene (PCE)' and benzene,

iolune, ethylbenzene, and xylene (BTEÐ as rrcll as semi-volatile organic chemicals (St/Ocs)

including pesticides, potycyctic aromatic hydrocarbons (PAHs), and polychlorinatcd biphenyls (PCBs).



Hydrogen Peroxide (HrOr)

Ins[allation Date:

Lgn

Media:
Soil

C;ontar¡Ínanls:
TCE

Oxídant:
HP'

Soil Type:
Clay bacldll

Points of Contact:
Leslic Wa¡e

Anniston Army Depot (SIOAlf-

RK)
Directoræc of Risk Managem ertt

7 FranKord Avenug Bldg I
Anniston, N-362014L99
Tel: 256-235-7899

Faxz 256-235-7726

E-m ail: wa¡el @ anad.arm Y.m il

Rid¡ad S. [.evin, P.G.

QST Environmental Inc.

P.O. Box 1703

Gainesville, FL32û3
Tel: 352-333-3633
Fax:352-3334627
E-m ail : rslevin @qstm ail.com

Anniston ArmY DePot, Anniston, AL

Full-scale soil remediation using in situ chemical oxidation for
the removal of dense non-aqueous phase liquids (DNAPLs)

such as chlorinated solvents, and hydrocarbons, was begun in

1997 atAnniston Army Depot, Anniston, Alabama

Site Badiground
The site consists of three industrial waste lagoons bacldilled

with clay in 19?8.It is approximately 2 acres with over 43,125

ydr of contaminated soil containing up to 3LVo trichloroethene

GCÐ, dichloroethene (DCE), methylene chloridg a¡d
benzene, toluene, ethylbenzene, and rylene (BTÐ(). TCE

accounts for approximately 857o of the 72,0001bs of volatile

organic chemicals. The m4iority of contaminants were found at

deþths of 8 ft and greater. Thehigþest concentrations of TCE

o.ã* at depths between 8 and 10 ft (mæcimum 20,100 møkÐ'

The water table fluctuates from 25-30 ft below the surface.

Tedrnol ogr APPI i cation
Three differently sized injector wells were installed to target

three distinct depth intervals. Single shallow injectors screened

from g-14 ft were installed in areas where contamination is

shallower than 15 ft, single intermediate injectors were

insta[ed where contaminæion was found from 15-20 ft, and

paired shallow and deep injectors screened from20-26 ft were

installed in areas where contamination was found at both deep

and shaliow depths. In addition,25 dæp ground-water injector

wells were used for monitoring and a vent flow balance system

was installed to aid in maintaining an effective radial

disp ersion of cataly st and HrOr. The Geo-Cleanseo p atented

injection process was employed to deliver HrO, and trace

quantitiei of ferrous sulfate and acid (to control pH) into the

óontaminated soil. Chemical oxidation of the soil took place

over a 120-day period duringwhich 109,000 gallons of 507o

HrO, were injected though a total of 255 injectors' Post-

treatment sampling began while the full-scale treatment v/as

still in progress. In cases where contaminant concentrations

remainãd abo',,s Scil Screening lrvels (SSLs), the location was

re-treated for p olishing treatment.

The roral cost to complete this projcct is estimated to be $5.7M.

Project completion originally anticipated for the end of fiscal

year 1998 is now contingent upon funding a final $500K and



final samp[ing. Fundingfor this project was made avaiiable in

increments. Therefore, the actual expenditures breakdown by

cost categories a¡e not availablc. Projcct managers estimate

that approximately two-thirds of the funds have been ailocated

for cap ital costs including chemicals and the injcction P roccss

and oãe-third for monitoring and support. Oversight by thc

Army Corps of Engineers is not included in this funding

Results
This full-scale rreatment was initiated in July 1997. For those

a¡eas where samplingand polishinghas been completed,

results indicate that this process was effective in reducing

conta¡nina¡t concentrations in clays to below SSIJ. Soil

concentrations of up to 1J60 mgfkgof TCE have been reduced

to below tletection. Additionat p olishing treatgpnt may s till be

warranted dependingupon the results of fi¡ral samplingin the

remaining blocks. As noted above, additional fu nding has been

requested to complete this process. Operating data indicate no

adverse migration of organics to surrounding soils or ground

water.

S i te -specifl c Re ferences

Levin, R. S;'Wilson, J.;'Ware, L.; Findþ, J.; and Baeh¡' J'
.,Full-Scale Soil Remediation of Chlorinated Solvents in Clay

Soils by In SíuChemical Oxidation," Battelle, First

International Conference on Remediation of Ctrlorinated and

Recalcitrant Compounds, M onterey, California M ay 1998

Bryant, J. Daniel and ÏVilson, J. "Rapid Delivery System

completes oxidation Picture," soíl & Groundwater cleànup,

pp 6-11, August/SePtember 1998

Installation Date:

1996

I\fedia:
Ground waler

Contaninanls:
BTEX

Former Sign Manufacturing Facility' Denver, CO

A pilot followed by a full-scale treatment of in si¡a chemical

oxidation (ISOTECâM) for remediation of ground water

contaminated with benzene, toluene, ethylbenzene, and xylene

(BTEX) was conducted at a former sign manufacturing facility

in Denver, Colorado, from 1996-1997'

S ite Background
The approximare 100 x 100-ft site contained leaking gasoline

and fúi oil underground storap tanks. A contaminant plume

was found within a thin sandy gavel lens' with a clay layer

above and bedrock below. The depth to gound water was 5 ft.

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



Oxidant:
HrO,

Soil Type:
Sandy gravel

Point of Contact:
fuidrew Sdrmeising
EWMA of Colorado

7600 ArapalrocRd" Suia l14
Englewood, CO 80112

TeI:303{43-9700
Fax 303{43-9094
E-mail: ewm adenver@aol.com

maximum concentration of 24,595 V/L.

Technol ogY APPI i cati on

The pilot program involved three treatment cycles, with 4 days

per Cycb. Each cycle involved injection of hydroçn peroxide

and chelated iron througþ each of eigþt injection points. Full-

scale remediation was ordered'b¡lsed on the results of this pilot
application. The frnal application involved one six-day cycle

using 14 injection points and 7 injection trenches.

The total cost of this demonstration, includingpilot and fulI-

scale programs, \¡/as approximately $200K- This included the

cost óf materials, injections, and samplingThe monitoring

wells were pre-existing

Results
The pilot program began in August 1996, ar¡d analyses of post-

treatmentiamples from the full-scale operation were completed

in March 1997. BTÐ( was not detected in the Post-treatment
samples fromnine of the monitoringwells. The total BTÐ(
concentration in theremainingfour wells was 89 FglL' As a

result, the state issued an unrestricted "no further action letter"

for the site. Based on this action, the property was sold'

S i te-specifi c References
" Remediate Cont aminated Prop erty," Cons tructíon D es ígn &

Engíneeríng Journal, March 4-13, L998,p 2B

Installation Date:
1995

Media:
Ground wæer

Contaninaills:
MTBE, BTEX

Warehousing Facility, Union County' l{i

A pilot test and full-scale treatment of ín sítuchernical

oxiãation for remediation of gound water contaminated with

methyl tert-butyl ether (MTBE) and benzene, toluene,

ethyhenzene, and rylene (BTÐ() were conducted at a

warehouseinUnionCounty,NewJersey,from1995-1996'

Site Background
The approximately 100 x 80 ft site contained gasoline, wasle

oil, anïfuel oil undergound storaç tanks that had leaked. The

site soiis were unsotted and unsiraiified pebbles, ccbbles, and

boulders in a matrix of sand, silt, and clay. The depth to ground

waterwas approximately l8 ft. Pre-treatment samples from the

well wirh highest concentrations of contaminants indicatcd

toral BTEX levels in excess of 25,000 vgLand MTBE levels

in excess of 6,000 PglL.



Oxidant:
HrO,

Soil Type:
Unsoned rocls in sand

Point of Conl¡ct:
P¡of. Ridra¡d Wa¡¡s

lVashington Starc Univcæity
Collcgc of Eugincaing urd

Arúitcctu¡e
Pullman, Y/A 99164
TeL 509€35J761
Far 509-335:1632
E-maiL rjwarc@wsu.odu

Technol ogy Appl i cation
A pilot application rvas performed usingone injection point in

the area of highest contamination and one injection point l8 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 apparatus
was used to control the flow of hydropn peroxide (HrOr) and
the proprietary ISOTEC'"! catalyst (iron complex) into the
capillary frinæ of the vadose zone. Based on thè results of this
pilot, full-scale remediation was ordered. Six injection points
were installed and th-ree treatment cycles were performed over
several days within a 3-month period.

The total cost of this demonstration, includingpilot and fr¡ll-
scale prograrns, was approximately $220K. This included
chemicals, injections, and s amp ling Pre-exis ting monitoring
wells were used for sampling so installation costs are not
included.

Results
The field pilot program began in December 1995, ærd analyses

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 M TBE, were below detection
limits. Total BTÐ( concentrations were less than 25 pgþn
the same well that had registered in excess of 25,000 VgLu.
pre-test samples. As a result, the case was closed in November
t996.

S i te-specifïc References
Greenberg R. S.; Andrews, T.; Kakarla, P.K.C.; and Vy'atts,

R.J. "In-Situ Fenton-Like Oxidation of Volatile Organics:

I-aborat ory, Pilot, and Full- Scale D emo n s trat ions, "
Remediatíon, Spring 1998, pp 29-42



Installation Date:
1996

Media:
Ground wbter

Contaninanb:
TCA DCE, VC

Oxidant:
HP'

Soil Type:
Fine-grained silrY sand

Point of Contact:
Carl Shapiro

TCIG Envi¡onm ental, Inc.

l0O Cresceot Road

Needha¡n, M^02494
Tel:781449-&50
Fax:78L449-1283
E-m ail : cshapiro @ rgge. cûm

Former News Publisher Facility, Framingham, MA

A pilot and full-scale application of ¡r¡ s¿ø chemical oxidation
(CIeanOXq for the remediation of 1,1-dichloroethene (DCE)'

1,i,1-trichloroethane (TCA), and vinylchloride (VC) in ground

water was performed at a former news publisher facility in
Framingþara M æsachusetts, in 1996.

Site Background
A dry well discovered duringa site assessment contained

chlorinated solvents and p etroleum hydrocarbons from disp osal

of ink and degreaser wastes. The site includes a pl¡n¡, whidt is

approximately 100 x 100 ft, and adjacent land of approximately

thà same dirnensions. The a¡ea of cleanup consisted of crushed

stone and soil surrounding the former dry well. Soil

suneu¡rlingthe dry well was afine-grained silty sand. Depth to

ground water averages approximately ZVzft below gound
surface. The contaminant plume is approximately 80 x 80 ft.
Prior to Clea¡rOXo treatment, remedial actions at the site
included disposal of over 6,000 gallons of hazardous liquids

and fifteen 55-gallon drums of hazardous sludç. Pre-treatment

concentrations of TCA in the two monitoringwells were

measured at 40,600 anit 4,800 ¡tgþ, andVC concentrations

were440 and 110 ¡rgfï-.

Technologt APPlication
The pilot-scale application was conducted to evaluate site-

specific geochemistry. Two CleanOXo application poin¡s were

us"d ou"t a 3-day period for treatment within the 30 ft diameter

dry welt area- The application involved a solution of HrO' an

iron catalyst, and an acid to control pH. Two 4-in diameter

PVC wells ar¡d five sunoundingmonitoringwells were

sampled prior to application and resampled 3 weeks after

treatment.

The toral cosr of rhis application was $45K. This included the

chemicals, the application, and the eryertise 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

TCÁ at the two contaminated wells dropped from 40,600 to

440 tt{Land from 4,800 to 2,300 ¡rg/L. Concentrations of VC

droppãd to levels rangng from below detection to 85 ¡rgfl in
nearby wells.



The reduction of chlorinated hydrocarbon contaminants

achieved with the CleanOXoapplication, couplcd with the

quantity of source contaminants removed during the original

remediation tasks, allorved the site owner to successfully close

the. site with state approval without additional treatment. No
specific restrictions on the use of the site were necessaqy, and

the site remains closed.

S ite-specifîc References
Not available.

InstallatÍon Date:
r99s

Media:
Ground wa¡er

Contarinanls:
VOCs, TCA

Oxidant:
HP'

Soil Type:
Fiu

Point of Contact:
Michacl Tumulry
HzM
555 Prcak¡ess Ave.

Totow4 NJ 07512

Tel:973-9424700
Fax: 973-942-1333

E-mail: tumulty@h2m.com

Active lndustrial Facilit¡ Clifton, l'lJ

A pilot and initial injection for full-scale application of ín sítu

chemic¿l oxidation (CleanOXo) for the remediation of
trichloroetha¡e (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 Bad<ground
Releases from an underground storage tank resulted in a
ground-w ater p lume. An exis ting ground-water P ump -and-treat

iyst"* was located ouiside the building and had operated for
itu" y"rrs prior to this application with moderate reduction in
contaminant concentrations. The higþ level of iron-metaboli-

zing bacteria at the site caused frequent operations and main-

tenar¡ce problems for the pump-and-treat systerL The aquifer is

heteropneous and hrdrly stratified. Site soils are low in '

p"tr."bitity (about 1 millidarcy) and conductivity (about 10's
-m/sec), 

and the ground water has higþ organic carbon concen-

trations. Depth to ground water is approximately 16 ft' Pre-

treatment sampling indicated average total VOC concentrations

at Mmgþ. MaximumTCA concentration was measured at

101 mg/L in one monitoringwell.

TechnologY APPI ication
The pilot-scale application, using tlO2' an iron catalyst, and an

acid lor pH balance, was performed at an existingwell' The

chemicals were applied over a 3-rveek period. The full-scale

application involved the installation of an additional eleven 4-

in àiameter PVC wells into the fractured bedrock undemeath

the facility building. The application wells were screened l0 -
30 ft below gound surface. samples were taken following this

ap p licat ion and rep eated a coup le of months later'

The cost of the p ilot and full-scale applications was approxi-



mately $235K. This included drilling the wells, applying
chemicals, s amp ling, tes t in g, and en gineerin-e overs igh t.

Results
Averagp total VOC concentrations dropped from the original
a4 mdL 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 a987o reduction in TCA concentrations

in the most contaminated well, from l0l mg/L to 2 mÙL.
Another full-scale application probably would be required to
achieve MCLs for drinking water. The water standard required

for industrial application is 1 mg/L.

S i te-spe cifi c Refe rences'
Not available

fnstallation Date:
t997

Media:
Ground wuer, soil

Contaninants:
TCE PCE

OxidanC
HP,

Soil Type:
Sand, clay

Point of Contact:
Karcn M. Jerome
'Westinghouse Savannah River
Company
Tel 803-725-5223
Fax: 803-725-7673
E-m ail : krrcn.jerom c@srs. gov

Westinghouse Savannah River Site, Aiken, SC

A field demonstration of ín siruchemical oxidation to treat

dens e non-aqueous p hæe liquids (DNAPIsÞ-p rimarily
tetrachloroethylene (PCÐ and trichloroethene (tCE)-was
conducted in 199? 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 seepagq basin. The treatment zone consisted of
64,000 ft3 of soil containing approximately 600 lbs 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 mgþPCBand 21 mg/L TCE. The soil
contained PCE concentrations of l0-150 ttgkg The higþest

concentrations were found at approximately 140 ft below
ground surface. This area of the Savannah River site was once

a fuel and targpt fabrication facility where uraniurn, lithiurn'
aluminum, and other materials were processed into fuel

elements and targets for use in the nuclear production reactors'

Technology Appl i cation
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 va¡ious

le','els to determine the soil concentration of TCE and PCE in



soil. The treatment zone was approximately 30 ft deep' The

Geo-Cleanse@ patented injection process was then employed to

inject H.,O, and a catalyst (fenous sulfate) over a 6-day period

ina ci¡cular area with a radius of 27 ft.lnjection was conducted

in batch mode with one batch injected per day. The volume of
thè injection varied from 500-1000 gallons per batch. Three

days after the lasr injection, post-test drillingwas initiated to

verify destruction of DNAPL.In addition, post-test samplingof

monitoringwells was conducted weekly for a 3-month period'

The total cost of the demonstration was approximately $51lK.
This included ap proximately $60K for site prep aration, $ I 5 1 K
forpre-test drillingand characterization, $184K for a tech-

nolory test, $49K for post-test drillingand characterization,

$7K for demobilizaiion, and $60K for docurnentation and

project management.

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

througþ post-test activities, took place between January and

futy te9Z. A comparison of pre- and post-test soil borinp

indicated a947o destruction of DNAPL in the treatment zone.

The estimated pre-test DNAPL mass was 593 lbs, and the

estirnated post-test mabs was 36 lbs. Total destruction was not

achieved and can be attributed to the Process not contacting all

DNAPL globules in the fine-grained sediments' AveragB

contaminant concentrations in the ground water were reduced

to 0.65 mgll. PCE and 0.07 mgûLTCE at the completion of
treatment.

Foilow-up work was conducted in ihe sulffner of 1998 to

determine the effects of the chemical reactions on the

pochemistry and microbiologr of the test zone and

sunounding arcas.

S i te-spe cifîc References
Jerome, K.M.; Riha, B.; fnoney, B.B' Fínal Reportfor

Demontstratíon of In situ oxídatíon of DNAPL Usíng the Geo-

Cleanseo Technology. U.S. Department of Energ/,

Westin-drouse Savannah River Company, Aiken, South

Carolina, SeP tember 1997

Jerome, K.; l¡oney, B.B.; and V/i]son, J. "Field Demonstration

of /n s¿nr Fenton's Destruction of DNAPIs," Battelle, First

International Conference on Remediation of Chlorinated and

Recalcitrant Compounds, Monterey, California' May 1998
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"Field Demonstration of In SÍruFenton's Destruction of
DNAP[s," in Wickramanayake, G.B. and Hinchee, R.E. (eds.)'

Phys ical, Chenúcal, and Therntal Technolo g íes, Remedíatíon

of Chtorínated and Recalcítrant Compowtds, Battelle Press,

Columbus, Ohio, 1998

Bryant, J. Dilniel and Wilson, J. "Rapid Delivery System

Completes Oxidation Picture,' Soíl &, Groundwater Cleanup,

pp 6-11, August/SePtember 1998
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Potassium Perm anganate (KMnOo)

U.S. Army Cold Regions

fnshllation Date:

LggT

Media:
Soil

ContanÍnants:
TCE

Oxidant:
KMnO.

Soil Type:
Sand, silt

Point of Contact
Daniel McKay
U.S. Army CRREL
72 Lyme Road
Hanovcq, NH 03755

Tel:6034464738
Fax:6034464640
E-mail:
dcrn kay @ crrel. usace arrn y. m i I

Research & Engineering Laboratory, Hanover, NH

Pilbt-scale testingis beingperformed at the U.S. Army Cold
Regions Research and Engineeringl:boratory (CRREL) in
Hanover, New Hampshire, to evaluate the feasibility of using a

l.SVo concentrated solution of potassium permanganate
(KMnOJ to promote ín sin chemical oxidation of
trichloroethene CICE) in low-permeability lenses of silt with
clay in the vadose zone. Testingwas done.at two sites.

Site Background
The presence of TCE is assumed to have resulted from either a
leak or an erylosion at the facility, which had been used
eËensiveþ for refripration and ice coring Residual TCE
contamination hæ 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 strinçrs of sand and

thicker layers of nearly saturated silts and clays. The depth to
ground water is approximateþ 130 ft. Two locations at the site
were selected for the pilot tests, representing moderate
(approximately 170 møkg) and higþ (maximum 60,000 mdkÐ
levels of TCE contarnination.

Technology Application
Fotlowing p re-tes t s amp ling and analy s is, a I .5 Vo KM nOn

solution (I5 gL) was injected to the subsurface via two direct-
push wells, one at/¿-in diameter piezometer and the other a 2-in
stainless steel screened well, to enable injection at discrete
depths from 19.7 to?l ît. Three samplers were placed near the

injection well to collect pore water samples during the
treatment process. Approximately 200 gallons of KMnOn
solution was injected in several batches at Site l.over a 53-day
period, wträe 358 gallons were delivered to Site ) over a2l-
day period.

The cost of this particular pilot has not been itemized. It is part
of an overall remediation demonstration progam 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 early 1998. Pre and p ost-

injection monitoring of pore water showed increases of
chloride concentrations from 20 to 6,420 mgL, indicating that

t2



TCE was beingoxidized. 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 statisticatly significant. It was determined that

siþificantly larprvolumes of KMnO. solution orhigþer
concentrations of the oxidant would be required to achieve

complete cleanup. A second pilot took place in the spring 1998

with a larpr volume of the oxidant (1'200 gaVweek)' 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 ánticþates having

two additional larger-scale demonstrations up and running.in

the fall of 1998. The.se sites will involve the use of boretroles

with packen to inject the KMnOo under pressure.

S ite-specifi c Refe re nces

McKay, D.; Hewitt, A.; Reitsma' S.; I¿Char¡ce, J.; and Baker'

R. "In Sia Oxidation of Trichloroethylene UsingPotassium

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.; I¿Chancg J.; and Baker,

R. "/n Sdr¿ Oxidation of Trichloroethylene UsingPotassium

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 wuer

Contaninants:
TCE, PCE

Oxidanl:
IOVnO.

Canadian Forces Base Borden, Ontario, Canada

A field demonstration of ín síru chemical oxidation using

potassium permanganate (KMnOo) to treat dense non-aqueous

þt *.liquiã (DNAplþ-primarily trichloroerhene (TCE) and

tetrachloroethene (PCE)-was conducted at the canadian

Forces Base Borden in ontario, Ca¡¡ad4 from 1996-1997,|l

follows two simila¡ but smaller field demonstrations on the

base in the earlY 1990s.

Site Background
The approximarely 50 x 50 meter (164 x 164 ft) site is in a 4-

m"t"i(13-ft) thick sand aquifer' The sand is highly

¡,,,n homopneous and has hydraulic conductivity of approximately

?*.,\n\" ' 86 
"r/doy. 

The sourcezone is located I m (3.3 ft) below the

water table. Typical ground-water vclocities at the site are on

l3



Soil Type:
sand

Point of Contacl:
Dr. Neil Thomsoo, PhD, PEng

Dcpc of Civil Enginccring
Univcrsiry of Wa¡c¡loo
200 Univesicy Ave" W.
'lVa¡erloo, On¡ario N2L3G|.

Tcl: 519$85-l2ll (cxt 2lll)
Foc 519{884197
E-m ail : nthom son @uwaæ¡loo. 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 m/'kg TCE and 6,700 m-e/kg PCE.

Technologt Application
This demonstration used a series of six injection and five
oxidant recovery wells. While previous eryeriments \¡/ere

conducted in sheetpile containment wells, the only form of
hydraulic control on the injected oxidant in this-demonstration

were the wells. The reaction was monitored using a 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 {LKMnO. for alnost 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 a997o

reduction in peak concentrations for both PCE and TCE; frnal

samplingresults areeryected in late 1998. The mass flux
(mg/day) dissolved contaminants seems to havereduced by

four or five orders of magritude. Further work to confirm these

preliminary results, including an estimate of solvent mass

currently in the source zone, is continuing

S ite-specifîc References
Schnarr M.; Trual C.; Farquhar, G.; Hood, E.; Gonullu, T.;
and Stickney, B. "Iáboratory and Controlled Field Erperiments

us ing Potas s ium Permanganate to Remediate T¡ichloroethy lene

and Þerchloroethylene DNAPLs in Porous Medi4" Journal of
Co ntamínant H ydr olo gy, 29 (3), p 205 -224, L998.

Hood, E. D.; Thomson, N. R.: and Farquhar, G. J."ln Sílla

Oxidation: An Innovative Treatment Stratery to Remediate

Trichloroethy len e and Perchloroethy lene D N A P Ls in Porous

Medi4" Si:Cir Symposium and Exhibition on Groundwater and

Soil Remediation, Montreal, Canad4 March 18-21,1997

Hood, E. D.; Thomson, N. R.; and Farquhar, G. L " ln Siia

Oxidation: Remediation of a PCBTCE Residual DNAPL
Source," Battelle, Fi¡st International Conference on

Remediation of Chlorinated and Recalcitrant Compounds,

M onterey, California, MaY 1998
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Installation Date:
1996

Media:
Ground warer, soil

Contaninants:
TCE, DCE

Oxidant:
KMnO.

Soil T¡pe:
Clay

Points of Contact:
Steve Cline
Oak Ridge Nuional l:boratory
Box 2008

OakRidgc, TN 37831

Tel:423-2413957
Fax:423-576{646
E-mail: qc2@oml.gov

Joe Baler
Allid Signal
2000 E" 95 S.t¡eet

Kansas City, MO 64131

Tel: 816-997-7332
Fax: 816-997-5903
E-mail: jbalar@þ.com

lGnsas City Plant, Kansas City, MO

An ¡n sil¡¿ chemical oxidation field demonstration using
potassium permanganate (KMnOn) for the remediation of
chlorinated solvents was conducted in 1996 at the U.S.
Department of Energl (DOE) Kansas City Plant in Kansas
City, Missouri. It w¿ß part of a larger study in which th¡ee
technologies-bioaugmentation, chemical oxidation, and
mixed-region vap or s t rip p ing w ith calcium oxide-w ere
combined with deep soil mixing

Site Bad<ground
The test site occupied approximately 60 x 140 ft in stiff clay
soils just north of a former lagoon. Depth to ground water is
approximately 8-10 ft below ground surface. Ground-water
samples indicæed high concentrations of trichloroethene
(TCE), l,2dichloroethene (DCÐ (over 15,000 pg/L) and
chloroethene (over 1,500 ¡tgtÏ-). Previous soil investigations
indicated elevated levels of total petroleum hydrocarbons

C[PH) rangngup to 6,961 mgkgpolychlorinated biphenyls
(PCBs) as higþ æ 9.8 m/kg and concentrations of TCE and
1,2-DCE in soil below the water table as hi$r as 81 mglkgand
15 mgtkg respectiveiY.

Te chnol ogy Appl i cati on
The field demonstration, testing and evaluation activities
involved a cra¡e-mounted vertical rotating blade system
designed to mix the soil using 8-10 ft diameter blades. During
the ¡¿ srø mixingprocess, treatment agents were injected
througþ a vertical, hollow shaft into the soil. Fifteen soil
columns, 8 ft in diameter, grouped tfuee 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 în sín mixing with
a4-5Vo KmnO. solution. Thecells were treated separately over
two 2-day periods in three overlapping test columns. Althougþ
soil mixing redistributed the media making it impossible for
p os t-t r%tment s amp ling to reP licate p re-treatment s amp ling
post-treatment samples were collected in simila¡ fashions and

locations as pre-treatment samples.

The total cost of the demonstration was approximately $lM.
This included all pre- and post-testing permitting equipment,
and labor. Actual cost breakdowns are not available. On a pro-
rated basis, the costs by technology arc estimated to be $128/
ydr for KM nO. compared lo $7llydt for bio-augmentation and

$621ydt for vapor stripping
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Results
This dcmonstration was conducted in July 1996. The goal of
the project was to achieve a70Vo removal rate of contaminants.

Compuingpre- and post-treatment TCE mass values at the two
cells treated with KMnOn, one cell indicated an overall removal

of.'837o of TCE from the unsaturated soil and the other a
reduction of 697o from the sáturated soil. This comPares to a

657o reduction in the unsaturated soil treated by vapor

stripping anda387o 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 samplingwas performed. in Spring 1998 and

analysis is underwaY

S íte-specifî c Refere nces

U.S. DOE, Implementatíon of Deep Soíl Míxíng at the Kansas

Cíty Plant,Oak Ridgg National l:boratory, Grand Junction'
CO, February 1997

Cline, S.R.; West, O.R.; Siegrist, R.L.; and Holden,'W.L.,

Performance of In Sítu Chemícal Oxídatíon Fíeld

Demonstratíons at DOE Sítes, presented at the In Sira

Remediation of the Geoenvironment Conference' M inneap olis,

Minnesot4 October 5-8, 1997

Installation Date:
1997

Media:
Ground wa¡er, soil

Contaninants:
TCE

Oxidant:
ICVnO.

Soil Type:
Sand, gravel

Portsmouth Gaseous Diffusion Plant, Piketon, OH

A fuli-scale demonstration of in sítuchemical oxidation

tfuougþ recirculation (ISCOR) to remediate soil and ground

wateifor chlorinated s olvents, p rimarily trichloroethene (TCE),

was conducted at the X-7018 site of the Portsmouth Gaseous

Diffusion Plant in Pfteton, Ohio, in 1997.

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

silt and clay (25-30 ft thick), a sand and gnvel (2-10 ft thick)'
shale (10-15 ft thick), and sandstone(47 ft deep). The field test

was targeted at treating contamination in the relatively

permeable sand and gavel layer, since it has the higþest risk

for off-site migration. This layer is 5-6 ft thick and

approximately 30 ft below ground surface. The layer is

còntaminated primarily with TCE. Ground water is 12-14 ft
below the surface. Pre-treatment testing of soil samples

detected an averags TCE concentration of 54 mgftg with a
ma,rimum concentration of 302 mgkg Ground-water samples

reveaied concentrations uP to 800 mgfu.
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Points of Contact:
Dr. Robcrt L. Sicgrist

Colocado Sd¡ool of Mincs
I 12 Coolbaugh Hall
Golden, CO 80401

Telz 303-?il3-3490
Fav¿ 303-fl3-3629
E-mail:
rsicgris @slæe. m ines.cdu

Dr. Olivia R. S/cst
Oak Rídgc Næional l-aboratory

P.O. Box 2008

OakRidgc, TN 37831

Tel:423-576{505
Fax:423-5768543
E-mail: qm5@oml.gov

Technol ogy Applicati on
This demonstration used a pair of previously installed parallel

horizontal wells, 90 ft apart with 200-ft screened sections

consisting of S-inch diameter, higþ-density polyethylene porous

filterS. TVater for the oxidant injection solution was extracted

fro'm the upgradient horizontal well, mixed with crystalline
potassium permanganate (KMnO.) in concentrations of 1.5-

2.57o,and re-inþted into the downgradient horizontal well.

Twenty-two boretroles were drilled between the wells and

samples were taken at l-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 planningandrnanagement,

$ I 63 K for p re-treatment s amp ling and mobiliz ation, $ I 63K for
operations and maintenance, $101K for post-treatment

5omFling $68K for ¡esistivity monitoring and $1lK for
support.

Results
This field test was conducted from July-August 1997, and post-
treatment characterization was completed in Augrst 1997-

Post-treatment charact'erization showed that ISCOR was

effective at reducingTCE in both soil and ground water to non-

detectable levels in those a¡eas where the oxidant was able to
migrate. I:,teral and vertical heteropneities within the

treatment zone impacted the uniform delivery of the oxidani.

Monitoring of the ground water in the area was conducted

between October L997 ndJune 1998 and analysis continues to
date. New field testingat adifferent location on this facility
using sodium permanganate and vertical injection and

eÉraction wells is eryected to begin in the summer of 1998.

Sodium pennanganate was selected because of its considerably

higher solubility in aqueous solutions than KMnOo. Its higþer

soiubility allows for the use of altemate modes of delivery such

as liquid chemical feed'

S i te-specifi c References
'West, O.R.; Cline, S.R.; Holden, W.L.;Ga¡dner, F.G.;

Schlosser, B.M.; Thate, J.E.; Pickering; D.A'; and Houk, T.C.
A Ful!-Scale Demonstratíon of In Situ Chemícal Oxídatíon

Through Recirculation at the X-70i,8 Sil¿, Oak Ridge National
l:boratory, Oak Ridç, Tennessee, December 1997

Cline, S.R.; V/est, O.R.; Siegrist, R.L.; and Holden, W.L.,
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"Performurce of /n Siru Chemical Oxidation Field Demonstra-

tions at DOE Sites," In Situ Remediation of the Geoenviron-

ment Conference, M inneapolis, M innesota, October 5-8, 1997

W'est, O.R.; Cline, S.R.; Siegist, R.L.; Houk, T.C.; Holden,

W.L.; Gardner, F.G.; and Schlosser, B.M. 'A Field Scale Test
of In SíuChemical Oxidation Throu$t Recirculation,"

International Conference of Decornmissioning æd
Decontamination and on Nuclear and Hazardorñ Waste

M anaggment, American Nuclear Society, Denver, Colorado,

September 13-18, 1998
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Ozone (Or)

Installation Date:
t997

Media:
Ground warcr, soil

Contauinanls:
TPFI BTÐ(

0xidant:
Ozone

Soil T¡pe:
Sand-gravel mix

Point of Contact:
Crordon Davit¡
Moiay Associa¡es

1080 Fifth St¡ect
Penrosq CO 81204
Tel:719-372497O
Far by appointment

E-m ail: m oietyrands @j uno. com

furmer Service Station, Commerce Cit¡ CO

A full-scale application using a combination of an air/ozone
(C-Spargeru) system and a vao¡um eÉraction system to
remediate soil and ground water contaminated with petroleuni
hydrocarbons and benzene, toluene, ethylbenzene, and rylene
(BTÐ() was administered at a former service station site in
Commerce City, Colorado, in 1997.

Site Background
The site, which once served as a bulk storap and service '_

station facility, is part of a metal recycling facility. Subsurface
material consists of sand and gavel miru¡es to approximately
43 ft below gound surface, gading to a blue clay. Ground
water is approximately 28 ft below ground surface. A soil and
gound-w ater inves t igat io n indicat ed that total p etroleum
hydrocæbons CIPH) in the soil ranged from 90-2,380 mgtkg
Total BTÐ( in soil ranged from 7,800-36,550 pgke TPH in
the gound water ranged from free product to 490 mg/I- and
BTÐ( ranged f¡om22-2,260 VdL. Concentrations of benzene,
the contaminant by which the cleanup standard was measured,
ranged from below detection limits to 16 ¡rg/L.

Technology Application
The C-Sparpru process consists of a combination of ín sítu air
stripping with encapsulated ozone to oxidize contaminants.
Two master panels, each controlling three wells, were installed.
Each well consists of an in-ground spargg point that injects
pulsating ozone and air into the ground water, an in-well spargg
point that injects pulsating water in the well casing under
pressure, a 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 gound surface. Sparç-point pressures

ranged from 14-20 psi, depending on the distance from the well
to the surface equipment. The system was augmented with a
larp blower pulüng 160 ft¡lmin at 48-inch-vacuum water
column. The entire system ran through 12 complete cycles per
day. Each cycle involved all six wells going througþ the
approximately 25 minute/well process of blowingozone 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 monitoringis approximately $160K. Of this,

$20K was allocated for site investi-eation, $55K for equipment,

$35K for installation, and $ l5K for sparp wells.

Results
The system started in August 1997. The gound-water wells at

the site are monitored quarterly. The Ma¡ch 1998 results

showed dissolved TPtt at 37 mgþin the we[ tÍat contained

free product duringprevious monitoring No TPH oi" BTEX
was detected in any other monitoring wells, so the remediation
systemw¿Ls turned off. Monitoringresults in June 1998

indicated levels remainingbelow the state ira¡<imum

contaminant levels for drinking water. The state did not require

confmnatory soil samiling Sarnples will need to be taken for
four consecutive quarters following the shutdown of the system
in March 1998.

S i te -specifî c Re fere nces

Not available

Installation D¡te:
t997

Media:
Ground warer

ContanÍnanfs:
PCE

Oxidant:
Ozone

Soil Type:
Sand, silt, clay

Dry Cleaning Facilities, Hutchinson, KS

A pilot test using ozone and air injection for remediation of
tetrachloroethene (PCE) in ground water was conducted in
Hutchinson, Kansas, tn 1997. This pilot was part of a test

designed to comPare and evaluate the cost-effectiveness of
three remediation technologjes. It involved th¡ee similar
locations within the city. The technologies included a

combination of air sparging with soil vapor e*raction
(AA S/SVE); in-well s trip p ing (NoVO CsrM) ; and a

combination of ai¡ and ozone injection with vertical circulation

of ground water (C-SPargeru).

Site Background
Alt three test sites were located near former and existing dry-
cleaning facilities within the city limits. Sediments underlying
the sites consist of unconsolidated streåm and terrace deposits
(sand, silt, and clay). The water table is from 14 to 16 ft below

gound. Dissolved-phase PCE appeared limited to the top 15 ft
of the aquifer with ma¡çimum concentrations ranging from 30-

600 v{L.

Te chnol ogy Appl i cati on
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 Forbcs Field
Topdoa, KS 66620
Tel: 785-296-1914
Faxz 785-296-,4823
E-mail:
lhcnning @ldhc. sta¡e.ls.us

Douglas Dreiling
Bums & McDonncll
3839 Do¡a
rü/iúitq KS 67213

Tel:3lG94l-3921
Fax 316-9414730
E-mail: ddrel@bumsmcd.æm
http://www.bumsm cd. com

single or combination remediation well configuration, above-
and below-grade pip ing and sround-water monitoring wells.
The p lacement of monitoring wells varied for each site to
accor¡ì.modate t he technolory - sp ecific dat a collectio n

requi¡ements.

The ozone injection test involved a C-Sparpru process which
combines air strippingwith oddation. 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
gade. 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 wæ collected from a cluster of five
monitoring wells. The average rate of injection wæ 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 sp arge p oints. A cluster of three monitoring wells
was used to collect information from this test.

The cost of this field demonstration for all th¡ee sites was

approximately $195K, of which $52K was for the C-Spargeru
test, $95K was for the NoVOCSTM test, and about $48K for the
AAS/SVE test. A cost'compæison indicated that the AAVSVE
system was the least eryensive to install and the C-Spargeru
the most economical to operate.

Results
Pilot test activities for all sites were conducted over a S-month
period and included monitoringwell and system installation,
pre-test gound-water sampling a6-day system start-up Perio{
on-going data collection and operation and maintenance, and

post-test ground-water samP ling

Monitoring wells l0 ft from the remediation weli using ozone
indicate a9l7o reduction in concentration of PCE, from 34 to 3

¡rg/L. Air-only injections resulted in aTIVo reduction, in-well
stripping an877o reduction, and AAS/SYEa667o reduction.

S i te-specifT c References
Dreiling D.N.; Henning L.G.; Jurpns, R.D.; and Ballard, D.L.
"M ulti-Site Comparison of Chlorinated Solvent Remediation
Us ing I n novat ive Tech nologl," B at telle, Firs t In tern at ional
Conference on Remediation of Chlorinated and Recalcitrant
Compounds, Monterey, California, May 1998
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Installation Date:
1998

Media:
Ground wæer, soil

Contaninants:
PCP, PAÍIS

Oxidant:
Ozone

Soil T¡ae:
Sand, clay

Point of Contact:
Christopher Nelson

Fluor Daniel GTI, Inc.

1527 Colc Blvd.
C¡oldcn, CO 80401

Tel:303-231{912
'Fa* 303-231{901
E-m ail : cnclson @gtionline.com

Former lndustrial Facility, Sonoma, CA

A field demonstration of ín sítu chemical oxidation using

ozone is underway at a former industrial site in Sonoma,

Càifornia to remediate the vadose zone and ground water for
p ent achlorop henol (PCP ) and p oly cy clic aromatic

hydrocarbons (PAHs).

Site Background
This site (approximately 300 x 300 ft) was once the location for
a wood treating facility, a cooling to\ryer, and a water tank
manufacturer. These oPerations involved the use of PCP and

creosote. Contamination eÉends from shallow soils down to
the water table. The geolory consists of senú-continuous layers

rangingfrom fine sands to clays, resultingin higþly stratified
contamination. The application was desþed to address

contamination in all layers. Initial samplingof 10 locations on

the site indicated ao average concentration of 1,800 mgtkg of
total PAHs and 3,300 mgtkgof PCP.

Te chnol og¡r ApPl i cation
This demonstration involves at least four multi-level ozone

injections (for all the stratþaphic layen) utilizing a variety of
instrumentation including soil gæ probes, piezometers,

ly s imeters, monit oring wells, thermocoup les, and refl ectometry

instruments to measure soil moisture content. Soil vapor

eÉraction wells were placed outside the treatment areas to
ensure that fugitive ozone emissions were minimized. Ozone

was injected througþ wells in the vadose zone at varying ratas

up to 10 ft3/min.

The inclusive cost of this field demonstration, once comPleted;

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 springof 1998 and is

anticipated to continue for an additional sixmonths. After one

month of continuous ozone injection, sampling from the 10

locations averapd 530 mg/kg PAHs and 570 mgtkg PCP.

Concentrations of PAHs were reduced 67 - 99.5Vo and

concentrations of PCP were reduced 39 - 98Vo. Subsurface

gaseous ozone concentrations appear to be relatively uniform'
decreasing with increasing distance from injection points. Soil

gæ data suggests that ozone utilizarion of greater than 907o is

achieved. The study calls for additional data to be acquired, soil
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borings to be advanced after th¡ee and six months of treatment,

respirometry to be performed to determine the effects of
ozonation on microbial activity, and va¡ious engineeringissucs
to be investigated.

S ite-specifîc Refe rences
Marvin, B.K.; Nelson, C.H.; Clayton, V/.; Sullivan, K.M.: and

Skladany, G.*In S¡a¿ Chemical Oxidation of Pentachloro-
phenol and Polycyclic Aromatic Hydrocarbons: From
I-aboratory Tes ts to Field D emonstration," B at telle,' Firs t
International Conference on Remediation of Chlorinated and

Recalcitrant Compounds, Monterey, CA, May 1998

Park Between Commercial and Residential Area, Utrecht, The l,letherlands

Installation Date:

ßn

Media:
Ground wa¡er

Conûaninants:
TCE, BTEX

Oxidant:
Ozone

Soil Type:
Fine sar¡d

Point of Contact:
Mr. AnneFijma
Mareboer Milier¡techniek B. V.

Ambachtsstraat 27
Postbus 99
8260 AB Kampcn, The
Nethcrlands
Tel: 0l I -3 t-38-3315020

Fa"r: 0l l-31-38-332021 I
E-mail:
m a:cbocr. kam pcn @wxs. nl

A pilot test of micro-encapsulated ozoneoxidation 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 f¡ne-sand deposit containinggravel lenses.

About one-half of the area of ground water overþingtheTCE
plume was contaminated with benzene, tolueng ethylbenzene,

and rylene (BTÐ0 from a nearby fuel spill. Borinp showed a

surface loam to 6 ft deep, gound 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 ¡tgþ
and BTEX from62-95 ¡tgl|- The mean concentrations were

3,000 ¡rg/L HVOCs and 60 VúL BTÐ(.

Technol ogy Application
The test involved a C-Spargeru 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 fre 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 patt of the

monitoring system. The C-SpargerM system consists of a
combination of ¡n sítu au stripping where the dissolved
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Mr. Tcd Vendrig
Mueboer Milieutechniek B. V.

Steuaraat 7

Postbus 10174

l30l AD Almcrc, Thc
Naherlands
Tel: 0t l-31-36-5302410
Far 0ll3l-365301128
E-mail:
m atôoer. alm cre@wxs. nl

chlorinated solvents are eKracted from aqueous solution into
small bubbles, and the introduction of encapsulated ozone to

oxidize the contaminants. Vy'ater 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 gade) collected the gases from
just above the water table to assure vapor control.

The cost of this field demonstration was apprõ''ximately $35K.
This included placingthe C-Sparge unit on site, a tniiler to
house the work area and monitoring equipment, a ggnerator

system for the blower unit, drilling enclosing p art of the site,
laboratory sampling andreport preparation.It did not include
the cost of installing the pre-o<isting wells.

Results
This field test ran for a 10-day period in April 1997. Its purpose
was to determine the rates of contasrinant removal. A kinetic
analysis of thereaction rates was performed. HVOC
concentration for the well with 14,500 ttùLfell to below 1,000

¡rg/L during the test period. Mean BTÐ( levels were reduced

from 54 to I7 ¡tgþin the central monitoringwells. Full-scale
treatment is expected to bring these concentrations to a level
between accep table corirmercial and drinking water levels.
Negotiations are curently underway to treat the entire plume.

S i te-specific References
Kerfoot, V/. B.; Schouten, C.J.J.M; and Van Enpn-
BeukeboonL V.C.M., "Kinetic Analysis of Pilot Test Results of
the C-SparggrM Process," Battelle, First Intemational
Conference on Remediation of Chlorinated and Recalcitra¡it
Compounds, Monterey, Californi4 May 1998
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Dissolved Oxygen (DO)

Peterson/Puritan, lnc. Superfund Site, Cumberland, Rl

Installation Date:

r996

Media:
Ground water

Contaninants:
Arscnic

Oxidant:
DO

Soil Type:
Sand, gravel

Points of Contacf:
David J. Newton, RPM
OfEcc of Si¡e Rcmediarion ar¡d

Restora¡ion
U.S. EPA Region I
J.F.IC Fcderal Bldg (HSV-

cANs)
Boston, MA02203-?2Ll
Tel:617-57396\2
Fax: 617-573-9662
E-mail:
newton.dave@epam ail. ça- gov

Laurie Sclama PM
RI DÊV
235 Prcmenade Suca
Providence, RI02908
T el: 401 -22?-3872 x 7 143

Fax: 4OL-222-3812

E-m ail : lsclanr a@dem.statc.ri. us

An Oxidant Delivery System was installed in 1996 at the
PetersonlPuritan, Inc. Sup erfrrnd Site in Cumbedand, Rhode

Island, to reduce arsenic concentrations in ground water to less

than 50 ¡tg/L.

SÍte Badcground
The site continues to support pneral and specialty chemical

manufachring industries. Historically, llidt organic-content
r¡¡/astewaier at the source are¡r were disposed'througþ subsurface

leachfields. The 1993 Record of Decision (ROD) specified that
part of the remediation include the constn¡ction and installation
of an ¿n síru chemical oxidation system comprised of an

infiltration galtery for deliveringorypnated 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 ¡rgll-. These
elevated levels ofarsenic are, to adegree, theresult of
reductive dissolution of the metal from native soil The history
of the site indicates that a¡senic has also been reported in the
wastewater stream going to the leachfield. This oxidant

delivery system was constructed and became operational

following excavation and removal of leachfield soils from the

site.

Te cirnol ogy Appl i cati on
A 35 x 65 ft infiltration gallery, a membrane-lined excavation,

which holds the orypnated water allowingit to percolate into

the subsurface, was installed within the former leachfield at a

depth of 14 ft. Monitoring wells were installed within the
gallery, and the leachfield excavation was bacldilled. Eleven

additional micro-wells were installed around the site. A
prefabricated treatment building was constructed on site, and

the Oxidant Delivery Systern, composed of a degassing skid, an

oxyæn dissolution skid, a degæsing tank, and ar¡ oxygen

dissolution tarù was assembled in the building The system
was designed to degas, superoxygenate, and inject municipal
water (at 8-9 pm) into the aquifer. The goal of this application
is to incre¿se ground-water dissolved o4ygen (DO) concentra-

tions to a level greater than 0.5 mgll- 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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Michacl Resch or
Linda McCanhy
ENSR
35 Nagog Park
Acton, MA 01720
TcL 978635-9500
Fax 978635-9180
E-m ail: m¡esdr @cnsr.com
oc lmccartlry@ensr.orn

migmtion in the ground water. The long-term objective is to
return the pochemical balance of the site to its pre-leachfield
state, which includes somc level of arsenic because it occurs
naturally in the native soil.

The total cap ital cost of the remediation is estimated at $ I .4M .
This includes $620K fordesþ, $460K forgallery installation
and system cpnstn¡ctio& and $320K forpilot startup. Annual
op erations and mainte¡¡ance costs, including s añrp ling utilities
and reportingare estimated to be $175K. Indirect costs, such as
project management and oversigþt, are included in these
figures.

Results
The sistem was installed in 1996, a pilot test w¡ts performed in
eaÅy 1997, and full-scale operations begnn in April 1997. EpA
is assæsingthe success of this tectrnolory on an ongoingbasis.
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 a¡e currently available.

S i te-specific References
U.S. EPA, Remedíal Actíon Repo rq P eters o¡tlPurítan
Superfwtd Síte, prepurid by ENSR Consulting and
Enþeering revised edition, March 1998
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Li,Z'M.; Comfort, S.D.; and Shea, P.¡. "Destructio n of 2,4,6-Trinitrotoluene by Fenton
oxidation," Journal of Environmental eualiry, vol. 26, No. 2, pp +so_+sz, i4arch_April
t997.

Li,z.M.; Peterson, M.M.; comfort, s.D.; Hont, G.L.; shea, p.J.; and oh, B.T...Remediating
TNT-Contaminated SoiI by Soil \i/ashingand Fenton oxidarion ,' scíeiie of theTotal
Envíronmenr, Vol. 204, No. 2, pp 107_llS,lggl.

ü,2.M.; Shea' P.J.; and Comfort, S.D. "Fenton Oxidation of 2,4,6-Trinitrotoluene in
Contaminated Soil Slurries," Envíronmenøl Engíneerìng Scímce,Vol. 14 No. I, pp 55-66,t997.

Uoyd, F'M. and 
fo-ssi NJ- 'Raityard Back on Track After Quick Remediatio n,n Natíonal

Envíronmental rournar, vor. 6, No. 2, p 54, March-April lggø.

[.ou, J.C. and [,ee, S.S. "Chemical Oxidation of BTX UsíngFenton,s Reaçn t,,i, Hozordo^
Waste & Hazardous Materíals, Vol. 12, No. 2, pp lg5_193, 1995.

Lu,M-C.;Chen,J-N.;andChangC-P...Ef,fectofInorganicIonsontheoxÍdationof
Dichlorovos Insecticide with Fenton's Reag€nt," Clemosphere,yol.35, No. 10, p 22g5,
November 1997.

Miller, C.M.; Valentine, R.L.; Roehl, M.E.; and Alvarez, P.J.J. "Chemical and Microbiological
Assessment of Pendimenthalin-Contaminated Soil afrer Treatment with Fenton,s_Reagent,,,' water Researclt, vol. 30, N0. l L,pp 2s79-25g6,November 1996.

Mohatny, N.R. and V/ei I.V/. "Oxidation of 2,4-Dnitrotoluene UsingFenton,s Reaggnt:
Reaction Mechanisms and Their Practical Applications," Hazardous Waste &, Hazardous
Materíals, Vol. 10, No. 2, pp l7l-1g3,lggi.

Pignatello, J.J. and Baehr, K. "Ferric Comple:res as Catalysts for 'Fenton' Degna<iation of 2,4-D
and Metolachlorin soif" Journar of Envíronmmtar euaríty,Vol.23, pf rås-rzo , rgg4.

Sedlak, D.L. and Andren, A.W. "Oxidation of Chlorobenzene with Fenton,s Reaçnt,,,
Envíronmental Scíence Technobgy, Vol. 25, No. 4, pp 777_7g2, lggl.

Stanton, P.C. and W'atts, R.J. "Process Conditions for the MineralÞation of a Biorefractory
Polycyclic Aromatic Hydrocarbon in Soils Using CatalyzedHydroçn peroxide,,,6gth
Annual Conferenæ and Eryosition of the V/ater Environment Federation, Miami Beach,
Florida, October Zl-25,1995. _

Stokely, K.E.; Drake E.N.; Prince, R.C.; and Dougtas, C.S. "The Role of Fenton,s Reagent in
Soil Bioremediation," Fourth Internation al In iiru and On-Site Bioremediation Symþosium,
New Orleans, louisian4 April 2g - May l, 1997.
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Chemical Oxidation llsing Potassium Permanganate

use potar"Iy1 permanganateintoexístingpermanganateasanoxidantgroundwaterpump.and-treãtwells
in environmental õrthroughhybrofiacturingapplicationsry-techniquls,iheseplumeõcanbe

treated in a matter of days.

used in the water and
sewage treatment ¡nouäiri il I levels in 6 days

tooxidizeandprecipitatárI1Todate,FluorDanielGTlhas
dissolvedmetalsandtreatr.lsuccessfullyconductedpotaSsíum
sulfideodors,ln1997,ttret'lpermanganatepilottestsatasitein
UniversityofWaterloo[..ljm''ilAustraliaandtwoUSsites.Atthe
publishedresearch[I-.-¡ffi'Ïå*TTMAustraliansite,thepilottestwas
confirmingthechemical'sf3]ffii$.,;iffiusedtodeterminetheetfectiveness
effectivenèssintreating..'.,.;..i:.'MforremediatingTCEconcentrations
impactstosoilano:.i:¡iÌ.ilËWashighasB,600partsperbillion.ln

5h"Xiiffå f""J"i:i ffi- 

- 

rcE reducedtonon-detect

Fluor Daniel GTI is recognized as
a leader in developing and applying
advanced remediation
technologies. ln recent years, we
have been at the forefront of
introducing new chemical oxidation
applications. We are currently one
of only four technology experts to

Potassium permanganate has proven effective in
remediating chlorinated solvents plumes, such as
TCE and PCE, as wellas PAHs and BTEX. These
constituents can be difficult to treat, because they
are mobile in the subsuñace 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

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 GTI 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.

groundwater. just 6 days, TCE concentrations

-ilüffiift 

É:r'{}.:W were reduced to below detection
Based on these findings, limits. Due to the success of the

potassium permanganate the new chemical oxidation agent. site to expedite cleanup and ave¡t

Fluor Danief Cff begãniË ^^-Iy::?::iet 
GTt scientists appty potassium pilot test, the project team is

own investisation" àf permansl:a:e^.:? 
^s:y!:1t.?:!i!!s :-f!?td test of installing a fuit-sóale system at the

through treatability studies at our Remediatíon
Technology Testing Facility (RTTF). Favorable
laboratory results prompted our staff to conduct
field-pilot 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 become nonhazardous.

FluoR DANlll o" 9)



Project Highlights

' lmplementinginnovativechemical
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 resíduals

Facility
Automotive components manufacturing site,
Australia

Regulatory lnvolvement
South Australian EPA, South Australian Health
Commission, and South Australian Water

Constituents of lnterest
Petroleum and chlorinated hydrocarbons

The Problem
A property transfer triggered an environmental site
assessment at the manufacturing site, identiffing
three on-site chlorinated 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.

The Solution
Fluor Daniel GTI was contracted to develop a

remediation program that would address on-site
impacts while preventing further migration to
residential properties.

Chemical treatments target additional plumes
Our project team proposed a "hot spot" reduction
remedy for chlorinated hydrocarbons, consisting of
chemicaloxidation. This process involves injecting a

chemicalreductant, 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 leave only trace 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 $7 million in
groundwater pumping costs. Other chemical
treatment remedies being explored include nitrate
injection and the addition of oxygen-releasing
compounds to address petroleum hydrocarbon
plumes.
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FieldTestP¡-gJ,_e,$Potassiumf ermanganateEffective

The Solution
Our client agreed to investigate impacts to several
city blocks under a state consent order and hired
Fluor Daniel GTlto lead the remedial investigation
and feasibility study (Rl/FS).

Pilot test nets significant contaminant reductions
During the FS, Fluor DanielGTl conducted a field
test of chemical oxidation. This technology involves
introducing a chemícal reductant into groundwater
for the purpose of initiating a chemical reaction. For
this project, we tested the addition of pot4ssium
permanganate.

After a one-time addition of potassium
permanganate, chlorinated ethene concentrations in
the subsur{ace were reduced trom72 to 99.8
percent in just 21 days. Our project team continues
to evaluate these results to determine if a full-scale
system is warranted for treating the groundwater
contaminant plume.

Project Highlights

' Conductedchemicaloxidationfield
test using potassium permanganate
addítion to evaluate effectiveness
in expediting groundwater
remediation

' Reduced TCE levels in groundwater
trom72 to 99.8 percent in just 21
days

Facility
Former manufacturing facility, Kansas

Regulatory lnvolvement
EPA Region Vll

Constituents of lnterest
TCE and PCE

The Problem
Chlorinated solvents from former manufacturing
operations impacted portions of a 2,600-acre
downtown area earmarked for revitalization. Our
client operated two downtown factories for more than
80 years and, as a result, was targeted fcr cleanup
costs.
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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 soilcleanup 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
levels by 80 percent

Facility
Former solvent recycling facility, Maine

Regulatory lnvolvement
Federal Superfund program under EPA Region I

Constituents of lnterest
Solvents

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

::;:ç. : -:J ì .'r'::,¡ r'1 i ':..'a

anate Addition at S

The Solution
To reduce our client's environmental cleanup costs,
Fluor Daniel Gïl proposed 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 groundwater pumping. This
work is being conducted under a lump sum contract
with performance guarantges that specify soil and
groundwater cleanup within 5 and 7 years,
respectively, of system start-up.

lnnovative technology expedites soil cleanup
Fluor Daniel GTI 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 ditfìcult-to-treat
contaminants, sLrch as DMF. ln just 2 years of
operation, soil levels were reduced to 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, our project team evaluated additional
technologies that would expedite groundwater
cleanup. For example, Fluor Daniel GTI conducted a
3-month field test of a potassium permanganate
addition<ne 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 untilcoming into contact
with double-bonded contaminants, such as TCE,
PCE, and xylenes. Upon contact with these
contaminants, oxidization occurs leavíng 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 Daniel GTI will present field data to our client
and regulators in an attempt to receive approval for
the long-term additíon of this oxidizing agent to on-

FTUOR DANIEI U'' $



site groundwater. lf successful in receiving
regulatory approval, this chemicaladdition is
expected to expedíte groundwater cleanup by a
number of years.
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1.0 lnitiar characterization of site Groundwaters and so¡r

Two, 4-liter (L) samples of moderately contaminated groundwater (MW-1 and MW-4), 2o L orhighlycontaminated groundwater (MW-3), and a 3.5 gallon pail of highly contaminated site soits (svMp-12)were received at the Technology Applications Laboraiory ga[¡ in Knoxville, rru, on J"nu"ry B, 1ggg. Atthe TAL' the two moderately contaminated groundwaterlamptés were composited for testing, and three,40- milliliter (mL) voA vials were filled with zero headsp""" *iÛ,. the compositea-grounowater. The highlycontaminated groundwater was sampled in the same manner. Each groundwater-was analyzed in singletfor Vocs by EPA Method 601. The highly contaminated groundwater was also analyzed in singlet forBTEX and PAHs' The soils were screene¿ to a uniform size, mixed to apparent homogeneity, andanalyzed in singlet for vocs by EPA Method 8010 as well as for BTEX and pAHs. An anatyticat turn-around-time of two days was used with the lnitial characterization sampres.

All testing stoichiometries were based on the following results of initiai sample characfeïization:

240 mg/L PCE
15.1 mg/L PCE
75.3 mg/kg pCE

Highly contamínated groundwater
Moderately contaminated groundwater composite
Soil

2.0 Chemical Oxidation Treatability Study

while potassium permanganate is expected to effectively treat the chlorinated ethenes present, it wil alsobe consumed by other suitably oxidizable compounds such as metars or other organics present in sítesoils and groundwater. soil and groundwater slurries and soil cofumns *"r" ,r"ã in these experiments.The chemical oxídation treatability study was conducted in three separate phases as described in thesections below.

2.1 Slurry permanganate Test

The treatability protocol called for reacting a 50% soil and groundwater (highly contaminated) slurry atthree different permanganate concentratiðns (3, 10, ano tãtimes pcE sto[rriometrv). rn" reaction ofpermanganate:'on PCE at each oxidant concentration was monitored by periociic såmpiing over a 4g hourperiod' At each sampling point, the reaction mixture was chemically quenched with a stoichiometricamount of ferrous chloride to react with 100% of the permanganate that was added, àno the slurry wasfractionated into soil and aqueous pnaies by cenhifugation. ïepresentative soiland aqueous sampleswere then analyzed. Tabre I presents.the basic expãrimentar design.

Each sample point in the experiment was set up in individual 250 mL centrifuge botfles using 220 mL of a50% (wt soil to total volume) soil/groundwater.slurry. An appropriate vorume ãf a stocr 5olo permanganatesolution (as potassium permanganate) was added to each'botflL to produce the desired finalpermanganate concentration. Approximately 30 mL of headspace was left in each botfle to allow forslurry mixing, and all centrifuge bottles were mixed continuously on a shaker table until sampled. At eachsampling point, one bottle from each permanganate concentration was sacrifìced for analysis. Each bot¡ewas opened and a small sample was withdrawn to test for oRp and unreacteo perm"nganete.
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Tabl

Test Condition

e1.

I Soil and Water Samples

| (Time in hours)

Lo l'lr la l*[*
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 quenched with a ferrous chloride solution, and the botfles recapped andcentrifuged to produce separate soil and aqueous fractions. The aqueous fraction was removed foranalysis, and the remaining soil fraction mixed with 110 mLs of methanol. The methanol slurry was mixedand then centrifuged. A methanol aliquot was sent for analysis to represent the concentration of pcE inthe soil.

control samples (no permanganate added) were anatyzed in duplicate at T = 0 and in singlet alT = 24andT=48hours.

2.2 Groundwater Oxidation Testing

Two different groundwater samples were individually tested with permanganate.

2.2.1 Moderately Contaminated Groundwater

Moderately contaminated groundwater was tested at a permanganate to pcE stoichiometry of 3:1 using250 mL VoA bottles with septum caps. The starting ccncentrai¡on rvas supposed to be -f S ppM;
however, the concentration of PCE in the bottles aftãr set-up was too low (< 1 ppM) to gather meaningfuldata.
2.2.2 Highly Contaminated Grouírdwater

The effects of permanganate oxidatioà on highly contaminated groundwater were monitored during thistest' 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 compositedgroundwater was placed into each of 12 bottles and the bottles capped. Two of these bot¡es wereanalyzed to provide the Time Zero concentrations of PCE in the liquid. Two other botfles received aninjection of ferrous chloride quenching solution through the septa at a stoichiometry of 100% of thepermanganate to be added. These bottles were analyzed for PCE concentrations io establish whether thequenching solution had any direct impact.

Page 2

A:\SRSRPT3.doc



IT Corpomtíon of North CarclÍnar lne.
.l .llcnl¡c'r o[ The I'[ (]roup

Permanganate Laboratory Treatability Study Report for page 3

To the remaining eight VoA bottles, an appropriate volume of permanganate solution was added with asyringe to achieve the desired 3:1 stoichiometric rat¡o. At sampling points of 0.S hours, t hour, 2 hours,
and 4 hours, two reactive bottles were each sampled using a syringe to remove solution for ORp and
unreacted permanganate testing. The remaining liquid in each botfle then received a,l}}o/ostoichiometric
amount of quenching solution, based on the original permanganate used, injected by syringe. All control
and quenched bottles had their liquid PCE concentrations determined by analysis.

2.3 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' estímated at 60:40 by weight of sand:soil). Two "Time ZeroJ soil samples werã taken
for analysis when the columns were constructed. A continuously working recirculating water system was
employed to keep each column flushed with pore water at a rate of approiimately 5 mls/min. fne pore
watervolume of the columns was determined to be220 mLs. Avolume of 270 mLs (sufficient liqúia 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 #l; 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 uõlure 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
1 0:1 ' At the beginning of the experiment, one working volume of appropriate strength permanganate
solution was added to the column. The volume of liquid was recirculated through thã column for a period
of two days. A small sample of the pore water was collected and analyzed for ùnreacted permangånate
on a daily basis. The water was colorless at the end of the second day (permanganate reacted).

Column lA3: This column was a duplicate of Column #2, but was operated for a period of 7 days. The
water was colcrless at the end of ihe second day (permanganaie reacted).

Column #'f; This column evaluated p€rmanganate oxidation at an increased permanganate to pCE
stoichiometry o120:1. At the beginninþ of the experiment, the working volume of appropriate strength
permanganate solution was added to the column. The volume of liquid was recirculated through thã
column for a period of seven days. A small sample of the pore water was collected and analyied for
unreacted permanganate on a daily basis. The water was colorless at the end of the sixth dãy
(permanganate reacted).

A:\SRSRPT3.doc



IT C,orpontíon of North CarcIina,Ine,
.l .llember o['the I'[ Croup

Permanganate Laboratory Treatabil¡ty Study Report for
w.p. aaîtaro prooèrtv. ðieensooro. ñortì iarolina ''' uarcr, zå1II3

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 2to 4.

3.1 Soil Slurry Test

Figures 1,2,3 and 4 depict the oxidation of PCE in the soil slurries. Figure I 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 iable
2.

As shown in Figure 1, the reaction in the slurry phase takes at least 24 hours to see signiRcant
reductions in the water phase. This is probably due to the continued desorption of PCE from the soil.
Once the soil level ís reduced the groundwater concentratíon is also reduced. The importance of this
desorption phenomenum is shown for the 3X sample. lnitially 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. ln all studies (3X, 1OX, 1SX) the
permangante concentration in the slurry decreased with time. ln the case of the 3X study, the
permanganate was 85% gone by 24 hours. By contrast, the 15X study was only 33olo gone after 4g 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 soil. The loss of permanganate seems to impact the oxidation
of PCE.

Flgure 4 compares the loss of permanganaie (0z6 of initiai) wiih the oxidation of pCE (o/o of lnítial). The 3X
run shows that permanganate decreases as fast as PCE. Once the permanganate is consumed, pCE
oxidation also ceases. 

_lt 
would appear that maintaining a large excess of permanganate is important for

maximizing reaction efficiency. ;

The closure goals for the remediat system are < 100 ¡zglL 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 5
Control I 3 X 10x 15X

GW Conc (< 100 PPB) 6,100 I 920 60 20
o/o Red Soil (> 90% 38.1 I 86 070

Both the 10X and 15X runs were able to meet the closure criteria,
A:\SRSRPT3.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
sto¡chiometry. As can be seen, the reaction ís rapid and complete. The PCE is essentially gone after 1
hour' Figure 6 compares PCE oxidation with the permanganate usage. ln contrast to the ilurry 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 SoilColumn Study

The soil columns yielded no meaningful data on PCE oxidation, as the initial pCE concentrations were
low (<100 pg/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 t oX ano zoX

columns the permanganate is consumed. With the 10X column, it is gone in 1 day. With the 20X öolumn,
it is sígnificantly reduced after 1 day and is completely gone ín ô days.

4.0 Conclusion

Potassium permanganate is able to oxidize PCE in soil and groundwater from the W.p. Ballard
Greensboro, NC site. Properly applied, permanganate oxidation can achieve the target closure goals of
<100 ¡rg/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 followíng
table, the soil consumes about 1.8 mg of KMnOn per gram of soil. Permanganate additions below thii
amount result in complete loss of permanganate and incomplete reaction with PCE. The reaction of
permanganate with PCE and the soil are competitive reactions.

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
lb KMnOo per yd3 of soil treated. This needs to be added in addition to any stoichiometric requirement
based on the PCE concentration present.

A:\SRSRPT3.doc

Table 6
Experiment . Ratio:

mg KMnOn Added per
g Soil'used

3X Slurry 1.0 1.0 Permangan ale gZyo decreased
in 48 hours

10X Slurry 3.7 1.8 Permanganate S0% decreasèd
in 48 hours

15X Slurry :5.4 1.8 Permanganate 33o/o decreased
in 48 hours.

10X Column 0.35 0.35 Permanganate completely
gone in 2 days

20X Column 0.70 0.70 Permanganate completely
gone in 6 days



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 mglL and soil at 7s,3 mg/kg

lnitial KMnO4 Conc. (mg/L):
3x Stoichiometry = 793
10x Stoichiometry = 2548
15x Stoichiofiêtry = 3727

Sample
Stoich,

(x) Time (hr)

PCE Conc. KMn04
Conc.
(mq/L) ORP (mV)

Water
(moiL)

Soil
(mo/ko)

T0 - ControlA 0 0 34.5 41.7 0 373
T0 - Control B 0 0 31.0 39.8 0 370
T24 - Control 0 24 10.5 42.4 c 385
T48 - Control 0 48 6.1 25.8 c 372

T24 - Quench Control 0 24 9.88 41.6 c 249
T48 - Quench Control 0 48 o.J 25.0 0 252

T2 3 2 41.7 31.1 530 864
f4 3 4 18.1 16.8 450 883
TB 3 I 9.3 16.2 360 870

T24 3 24 1.43 7.54 120 839
T4B 3 48 0.92 5.72 60 813

't2 10 2 14.2 11.4 2470 903
T4 10 4 3.71 6.90 2160 909
T8 l0 I 1.01 4.88 2190 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,'l 3700 915
T4 15 4 2.16 8.85 3320 923
T8 15 I 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
W.P. Ballard Property & Surrounding Properties

3:1 Stoichiometry KMnO4:PCE based on groundwater at 240 mglL

Moderately Contaminated Groundwater:
3:1 Stoichiometry KMnO4:PCE based on groundwater target of 15.1 mg/L

Sample
Time
lhrl

PCE Conc. (mq/L) KMnO4 Conc. (mo/L) ORP (mV)
PCE Conc.

(mq/L)
Dup.

B

Dup.

A
KMn04,
(mqil)

Dup.
A

Dup.
B

TO 0 485 90c 1500
T1 0.5 0.38 0.38 1 00c 1 100 969 979
T2 1 0.035 0.53 1 100 1200 998 1003
T3 2 0.011 0.015 1204 1200 1009 459
14 4 0.053 0.017 1 100 1200 1012 1 009

T0 - Control 4 390 580
Q4 - Quench Rqt 4 390 440

Sample
Time
lhr)

PCE Conc. (mq/L) KMnO4 Conc. (mo/L) ORP (mV)
Dup.

A
Dup.

B

Dup.
A

Dup.
B

Dup.
A

Dup.
B

TO 0 60
T1 0.5 0.43 0.19 80 74 726 736
f2 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 85ô 723

T0 - Control 4 0.97 1.05
Q4 - Quench Rot 4 0.97 0.89



Table 4
SoilColumn Testing

W.P. Ballard Property & Surrounding Properties

sand:soil Mixture - 60:40 with pore votume of Highly contaminated cw (240 mg/L pcE)
Approx. I kg solids and270 mL liquid

PCE Conc.
SoilDup.

A
SoilDup.

B
KMn04
Conc.

T0 - Sand/Soil

ControlColumn:

lnitialWater
1-Day Water
2-Day Water
3-Day Water
4-Day Water
5-Day Water
6-Day Water

7-Day Water/Soil

2-Day Column:

lnitialWater
1-Day Water

2-Day Water/Soil

7-Day 10:1 Column:

lnitíalWater
1-Day Water
2-Day Water
3-Day Water
4-Ðay Water
5-Day Water
6-Day Water

7-Day Water/Soil

7-Day 20:1 Column:

lnitialWater
1-Day Water
2-Day.Water
3-Day Water
4-Day Water
5-Day Water
6-Day Water

7-Day Water/Soil

0
0

0
0

0

0
0
0

10
10
10

10
10
10

10
10

0

1

2

3
4
5

6
7

0.075

0.040 <.020 <.020

0.064 0.029 0.039

0.060 <.020 <.020

0
0.3
0.1

10
10
10

0
1

2

1 300
83

o.4

0
1

2
3
4
5

6
7

1300
tö
0

0
1

2
3
4
5

6
7

20
20
20
20
20
20
20
20

2600
700
tÃÃ

178
89
36

3.9
1.5<0.04 <.020 <.020



Figure 1: PCE Oxidation, Soil Slurry
Water Phase
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Figure 2: Oxidation of pGE, Soil Slurry
Soil Phase
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Figure 3: Permanganate Utilization
Soil Slurry
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Figure 4: comparison of permanganate Gonsumption and pcE
Oxidation: Soil Slurry Study
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Figure 5: PGE Oxidation
Highly Gontaminated Groundwater
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Figure 6: Gomþarison of PGE oxidation and permanganate
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Pilot Geoprobe Application Test Report
W.P. Ballard Propertv. Greensboro. North

April 30, 1999
3

1.0 Objectives

lT Corpo-ration performed a pilot test to determine the feasibili$ of applying liquids into the subsurf,ace
using a Geoprobe, at the W.P. Ballard Property site. The objeôtives órirrãpirh test were three-fotd:

1. To determine the maximum depth attainable using the Geoprobe at each boring location, and thetotal time necessary to probe to the.maximum depth (max. overall depth 6S feei) at ããcn'ñc"6o'2. To determine the flow rates and delivery pressures during liquid applicat¡oñ ât different appf¡cat¡oÅ
depth intervals;and

3' To determine areas of difficulÇ with the application process and/or equipment which will allow forimprovements prior to the actualapplication event.

2.0 Planning

ln planning the pílot test,.three boríng locations were selected. One boring location was selected on the
9*llling P!9nix supply site (lTP-1). one boring location was selected adjãcent to Ûre former Axton-Crõss
building (lTP-2). One boring location was selected adjacent to the loadin[¡ Oocf on tne west end of theformer SLS building (lTP-3). Based on data obtained during the installatioî of soil veÁt wells on the Ballardproperty' and data obtained during the installation of previous Geoprobe borings at the site, it was decidedt!a! onlv two application test points would be utilized during the pilòt test (tTp-ã and lTp-3). fne focai¡ons
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 õite to'assist with the application test, andto evaluate the application plan to determine how they will modifi their equipment to improve the
application process.

The first application test boríng was ITP-2, which was located adjacent to the former Axton Cross buílding.The second application test boring was ITP-3, which was located adjacent to the NW comer of the loadiñg
dock on the former Sears building. At boríng tTP-2, probe insertion was halted at approximatety Oìfeet 

'"
below grade' however, probe refusalwas nót encountered. The total probe insert¡ãhïme to Oãpm aitnis
location'was approximately 20 minutes. At boring ITP-3, probe insertion was halted at approximately 46feet below grade, at probe refusal. The total probe insertion time to this depÜr wãiããpróiimately 25minutes. lt should be noted, however, that atboring ITP-3, some time was'spent attåmpting to p'eñãmte
to depths greater than 46 feet.

To facilitate liquid application, a Geoprobe grout application pump was utilized. This system consists of a
12.5 gallon tank (hopper)r gld a hydraulícally operated positive displacement pump. The grout appticationpump was connected to 1.15 inch (OD) Geoprobe rods via high pressure hosè. Tñe probe roOs wbre
connected to a Geoprobe "Zero-Contamination Groundwater Samplef 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 jå0",
initially) was attained, the drive rods were retracted 2feet, which causes the driüe tiþ to separate a-nO tne
screened interval to be exposed.

Unaltered city water (obtained from Phenix Supply) was the liquid injected. The water was temporarity
stored in a clean, polyethylene tank prior to use. Liquid application began at a depth of 64 feet belowgrade. Upon completion of the each application interval, the drive rodJ were raised five or 10 feet and the
application process was repeated. During application, delivery pressures and liquid flow rates were



Pilot Geoprobe Apptication Test Report 
April 30, 1999

monitored. These application data are presented on Tables 1 and 2. Test data are also graphically
represented on Figures 2 through g. Raw test data sheets are included in eppenãii A. Selectphotographs taken during the pilot test are included in Appendix B.

ln addition to the application testing, four additional borings were installed at the locations indicated onFigure 1. The purpose of these points was to determine-the maximum oepÛr attãnã|re usin! oiãcipusntechnology at different areas of the site.

4.0 Results and Conclusions

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

' The application of a liquid with a viscosity ànd density similar to that of water can be accomplished
a the site using a Geoprobe;

' Flgid application can be attained horizontally into the formation which may serye as to creåte"microfractures" within the native materialdúring application. These "m¡ãíod"tures'couldassist
in the distribution of the oxidant within the aquifèr úñit;

' The average liquid flow rate and average oeiivery pressures using the Geoprobe grout applicationsystem are 1.59 gpm at 140 psi. Higher delivery pressures could-result in higner áppticaiibn flowrates;
' T.hg data suggest that the d-elivery pressures and flow rates are primarily controlled by two factors:

1) The bore and effluent orifice sizes of the application tools and'2) ne éeôfogiøfr'rOiogeólùiã 
-'

characteristics of the native material within the zone of application. T¡e-use õf 
"pólic"tion 

tóãiswith larger bores and larger effluent orifices could result in nigner application flow rates at
corresponding lower delivery pressures;

' The maximum a-ttainable depth using dhect push technology at the site is concluded: 1) To begreater than 65 feet' in the area of Phenix Supply _and the Axton Cross Building; z¡ npjroximãtery
60 feet in the parking lot area between the Axton Cross Building and tne formei Sáarb'¡riùinõ; '
and 3) Approximately 36 to 50 feet in the. vicinity of the loading ãock of the former Sears buildiïg.These depths are assumed to be equivalent to ihe surface oräompetent oeãiôcr beneath tnà sîte,and seem reasonable based on differences in topographic elevatión across the site.
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Figure 2

^Geoprobe 
Application Test (tTp-2)

Changes in lniection Time with Depth
March 25, lggg
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Flgure 3
Geoprobe Application Test (tTp-2)

Flow Rate Ghanges with Depth
March 25, lggg
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Figure 4
Geoprobe Application Test (lTp-2)

Ghanges in Delivery pressure wittr Oepttr
March 25, iggg
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-Geoprou" nplilsJj;osn r""t (rrp-2)

Ghanges in Back pressure with Depth
March 25, lggg
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Figure 6
Geoprobe Applicaüon Test (lTp-3)

Ghanges in lnjection Time with Depth
March 25, lggg
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Figure Z
Geoprobe Application Test (lTp-3)

Flow Rate Ghanges with Depth
March 25, lggg
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Flgure 8
Geoprobe Appllcation Test (lTp-3)

Ghanges in Delivery pressure with Depth
March 25, lggg
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Figure g

_ 
Geoprobe Application Test (lTp-3)

Ghanges in Back Pressure with Depth
March 25, l9g9

-25

a¡
IL

E
o. ^-O -rtOo



TABLES

ll

I
I



tJ
l.¡

Table I

W.P. Ballard Property
Greensboro, North Garotina

Summary of lnjectlon Test Data (tTp.2)
March 25, 1999

lni. Volume Start Time Stop Time TotalTime Flow Rate Delivery Pressure Back Pressure Depth lnterval
12 1247 12il 7 1.71 120 35 _o
12 1236 12M I 1.50 120 40 -19
'12 1223 1232 9 1.33 90 40 -29

12.s 1209 1218 I 1.39 120 40 -39
24 1145 1203 18 1.33 124 40 -49
23 1126 1141 l5 1.53 120 40 -59
25 1 105 1120 15 1.67 220 10 -63



Table 2

W.P. Ballard Property
Greensboro, North Carolina

Summary of lnjectlon Test Data (lTp-3)
March 25,1999

lni. Volume Start Time Stoo Time Total Time Flow Rate Delivery Pressure Back Pressure Depth lnterval
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 1449 1456 7 1.71 190 60 -34
12 f436 14r',2 6 2.00 200 70 44
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l1?'v
Sito Name:
Locatlon:

Type of Flutd tnJected: (Jr{c-
Denelty: LighterthanwìGi

Same as water
Heavier than water

Geoprobe lnjecfion pilot Test Data

Technlclan:
Subcontractor Name:
Date of Test:

-

Page I of _
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Slte Name: .s¿ t Çfec. sStro
Locatlon:

Type of Fluld lnfected: _=Uz¿¡1¿

Geoprobe lnJecflon pilot Test Data

Tochnlclan:
Subcontractor Name:
DateofTe¡t: 3-zþ17

Denslty: Lighter than water
Same as water
Heavier than water

u,

rn ocuon
lnterval

lnleilal
Depth

Gallon¡
lnfected

St rt
'Tlmo

Stop
Tlme

Dollvery
Pre¡¡ure

Flow
Rate Comments

1 ,/6' ,/L /.1t3 Urz 2co / to e.o r/'- rê'
?r'- 3C'2 ,ß' t7 /{{, l{,16 /?0/ øo /7t

3 tb' l2 /foø /':07 ß0 /ro /.6r Zlt'2û t

4 lø' /7 / 7tt /.t70 lço/ao . /,6v //'-16'
5 6' t^ lsac /.fr7- Ito/ao /.6y 0-b'
6

7

8

I
l0
11

12

t3

14

l5
l6

Page 1 of _
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ent: Sears SLS Number: 107535
Name: W.P. Ballard Site Location: Greensboro, NC

View of complete
Geoprobe application

configuration
(application point is in

the left foreground)

View of Geoprobe grout
application unit.



lT Corporation

Photographic Record
llient: Sears SLS Project Number: 10ZS3S

site Name: W,P. Ballard Property site Location: Greensboro, NC

K. Ogden

3t25t99

Direction:

3omments:

View of Geoprobe
subsurface application
tools. Unit on right is a

new application tool
currently under

developmenUmodifi-
cation

rhotographer:

Date:

)irectlon:

lomments:
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Municipal Water Account Confirmation
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\ ¡¡¡n¡str¡Î¡on
i ) 373-2055

J"'¡omer Scrvicej ,.1373-2314

i icr Rccl¡mrt¡on
r-.ih Bufra¡o plant

-:36) 373-59t3
.7,Osbomc Plant: l)gts-zzqo

:

diu*r";see

-\'etcr Supply
/' ;hcll Plant: i) ¡z¡-ssss'- lnsend Planr
:36) 375-2230

!

March 29, 1999

.t¡ttr...._---_-r.r.. 
iratO¡¡

Mr. Chris Cuomo
1000 Perimeter Park Dr Suite I

Monisville, N C 27560

Re:2701 Bra¡rchwood Dr

Dear Mr. Cuomo:

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

lf you have any questions, call me at 336-373-2055.

Sincerely,

i

.:onstruction &
'l'¡ptcnance3 |)373-2033

¿/*zrr?- Uù,
Eleanor Clark
Services Specialist

i ¡ter Conscrvation
r- 1 574-3585

P. O. Box 3136, Greensboro, NC 27402-3136 o www.ci.g¡eensboro.nc.us . Fax (336) 4t2-6305 o TDD (j36)373-2376



lil , Òh tr /LE C¡,ç) 7

Pþase indicate wheûrer the following prgpenies ulil?e uratar and sarct f¡orn üa Clty of Gæcnsboro:

2414 Eattl€ground Avenuc. Greensboro. NC

2448 8atüegrour¡d Avenuq Grecrrsboro, NC

2500 Batüeground Avenue, Gr¿cnsboro. NC

2506 Baüegrcuncl Avenue. Gnersboo. NC

2504 BattleEround Avenr¡e. GrÊ?nsboro. NC

2514 Batl¡€ground Ayenue, Greensboro, NO

2705 Bnnchwood Drive, Gnongboro. NC

-?68ÊAr,Brcnchwood Drlvg, Greensþoro. NC

2807 Branclnood Drlve, Greensborq NC

2800 Eranctuood Drive, Greengboro, NC

2225OaK H¡ll Or¡ve, Greensboro, NÇ

2223 Oak HillDrVe, Greensboro. NC

ZZZ'¡ ù¿R HillD¡ivc, Greensboro, NC

?217 Oal H¡flD?¡ve, GreengÞoro, l,lC

2213 oatr Hill DrÍve. Gæengboro. NC

2211oak Hill orive, Greensborp, NC

2209 Oak HillDrive, Greensþoro, NC

?207 OaX Hillgdve. Grecnsþoro. NC

2903 Lawndale Drive. Greensboro, NC

2906 Lawndale Drive, Greensboro. NC

2902 LaurndaÞ Drive, Greensbo¡o, NC

2900 Lawndale Drivc, Grcensboo, NC

2t28 Lawr¡dalc Drive. Greensboro. NC

2820 Lawndale Drive, Gre¡nsboro. NC

Completed By:

DeÞartment:

Date:

Ø3/3L/99
¡îAR

11:49 EREE}|SBæO r¡IìTER RESU_RCES + 919 46? æ)
'99 ø9334 FR FLLm DÊNIEL GTI gtg a6? Zæ9 TO 133641263æ

¡o.Ssz
P.ø2.@,

YesJ/.'-
YESJL
YES t/
Yes-/-
YESJL
Yes-{-
YÊsJ,/-
YES 

'1vèsT
YæJZ-
YEs-4-
YEs-¿-
YÊs t/
Yeslz-
YES-TZ.-
YEsJ¿-
YESJ¿-
YES I/
YESJ-
YESJL
YesrL
YESJL
YESJL
YES-

NO_
NO_
NO-
NO_
NO_
NO.

26ob
NO_
NO_
NO-
NO_
NO_
NO_
NO-
NO_
NO

NO-
NO_
NO-
NO_
NO-
NO-
No_
No_
NO)L sæ

TëteptÑí ¿oe

*t
336 412 63øs

fñ7êt trlaßF.a2pôGg ar
I'tÊR 31 'gg lØtzg
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MICHELLE CRAIG
Site Manager

Contact: Name: Ue . ßen ¡,tgù
Company:
Phone #: îzt - zAç- q4iz

Thc It êtpape fae.

1000 perimeter park Drive, Suite I
Moniwille, NC 27560

Tel: (919) 467-2227
Fæ<: l9t9\ ß7_2299

Made Call M
Received Call ( )
Rett¡rned Call ( )
Date: s I= r tq q
ProjectName: T.aps þ^ , 

^uBo



ATTACHMENT F
Sodium Permanganate lnformation



04/23/99 FR¡ t5:01 FâI EtS 224 0600 CARUS ENGR
[ü oo¡

Section lll Heallh Hazard Data

ROUTES OF SPOSURE

l. lnha¡dton
¡cuÞ inhaþlion þxùjty dm a¡e rþt a\rsðaþlq tþweær, alôor¡e concent¡dior¡s of sodum perrnangånü h üre bm of m¡$, or spraymay ca¡¡cê damage b üe æspnabry fær.

2 Srh QmEt
Soúnr permrìgürôsdr¡üor b w'y lr|¡aüng toücstrir

3. Eyâ Conbct
ScfUn pflnaftgaftde soluüOn k¡ COnOe¡¡æ b the eye on ærrlacL h may carse s{rwfe hrns üe¡ fæult h &rna8e b the eyc.

4. lngeslion
SodNun p3flnanganaÞ soluÚof\ ¡t s¡rø¡lonæ<'. may causo cevse br¡¡s b mucor¡3 íltmòÎarFs of lhe riEuül, ürrcat ccophagus, andstomech.

EFFEqTS OF OVERSFOSURE

1. Acu¡ê Over$GuG
lrítâttng to body üssue wilh wtd.ñ i¡ comes in conùact

2. Chmnic Oærqoosr¡s
No knoun cæes d dlronlc manganæe poisoníngrtuc þ {dlum pannefpT{ or oürø pennanganalcs haæ Þeen reporlcd. prolorrged
expogure,ualâltyovcrrnanyyga¡srÞh€avyconcentaüocsotmanóneeeol¡cæ¡rr¡corm;iù¡3tñ-f."ttæ,maytêadbchrûn¡c 

rnanganogoæe¡onrhg. chûefly lnvolvrhg lhe oenbal æ¡vors sysf€m.

3. Ca¡choocnicitv
soduD p€íûsn0anaÞsdrdü has mtbeen dsrñedæa cerceþgen Dy osHA lftp,lARc.

c.
Sodum permngenû u,il cârÉêú¡lhet¡ffiã¡Grþ, opcn rctndc bums ormwous merrËßn€s.

EIIERGENCT AÑD Ftñ;T AID PROCEDUFES

t.Êres
trrneüaleþ frsh 6 nriür hfgp ønour¡s of u¡ær br d læst 15 ffÛï¡¡as t¡oldfrg ¡út tP3ft q er¡srrs ilrÈhitr sf üB cfüiæ sr¡rt€. oonotd€mpt þ nerÛ*¡ acmcaü¡ se* rnêtlcd aücnüon ficdrbtt. t¡or" rã ptry'õd'ó'ä;".tü.n proú,cts ars a&afos.

¿ Sldn .;:,: i :

ffiffi arrtlbotwear. seesecnoltvntwam¡ngorltEn

3. InleHon
Get peron ol¡t of coñb¡ú|abd anoa to frcsh a¡r. It bfeating has sbpp3d, msusciÞtr and adfn¡n¡sterorygen if readiþ avarable. scekmedical atenüon Írrnedidely.

4. lngesüon
NBÚER 9iì'e an)'ltt¡ng Ð r¡or¡rh ¡o an unconsc¡ot¡s or convubing pecþn. Give laqe quarrülís of vraler. lf avaiþlle. $ve serærat g¡assesof nÉk or lenæn or onrBe ir6ca Seek meøca¡ rreÞ ímmgf,atdy: 

r - ---' < I

$ro'*nm'



o4/23/gg FRI t5:02 FAtr Or5 224 0883

BOlUll(ì POI¡|T,7€O nm Hg

VAPOß PRESSURE (mn H9)

SPECIFF GRAVITY

PENGEXT YOI¡ÎILE BY VOLUIIE

TELNilG FOINT

APPEARANCE AIID OOOR

CARUS ENGR

1.36/mL

807c (as tratefl

Not Applþable

Dadc puple solulion, ododeos

@oo¿

dd4l.emlsosd çAs ¡ld L Haz¡úDan
sodiun Pcrne¡aute 1 0101'50€ ¡c¿ m¡n. FEt c- 5 mg ltn per artic meler of airTLV.TWA- 0.2 mO Mn pe, cl¡bþ meter ol ¿¡r
. Câqrì¡¡¡âôirætsõvlcot{,rlbet
- q¡{^Pr.rdråtÐBg{¡aL¡nlllÐflnæ¡rp¡ô(qrr'¡æs¡¡t)æCtñgrO.rO@,^r.

¡¡rb¡tàûut¡olOovcrrnr¡n¡hrf¡qi¡Þl¡¡þdqst90¡/¡9¡9.þrñ¡llnaaaq:]Eør¡pouìda.æ,ü¡ad¡¡ttrTLìÈltvÂ¡Tt¡Ba¡u,GûfÈc¡r¡toDccrãlt'rdolì10..
ællttCC{ururcsy¡ca.o¡owFcrr¡l.búthm¡rt.!F rr¡,r¡¡y¡orçgyceocico.yt¡rôr,lårou¡ùcæctc.
CrüeÉocuct ¡¿anrttìorn dporn cc¡æUoona-obcrææOeaL*riay

105"

Not applfrzble

soluBluw lN WATEF % By solunoN Mbcibte in all proportions wi¡h water

SrABIUTV Undor mrfliâl útdüqre, the msterld k¡ sbbla.

coNDlrlol{s ro AvolD conhct wlrh hcompattbþ mderiab or tr€st (tgs.clz7s.F)

lNcofPATËLE r rEBlALg c*F.t!$.?d=' peroddes. a¡rd all cor¡brædbte o€ân¡c or redrny o¡rftüzabte ndgbb tìduü,g ircrganicoxidzaHe rnaÞhlg and meul pou¿eæ. Wiüt tDrdrdcf,þCc ecid. dtlãrhe gaJË ñboralêd.

HAzAFDous DEoomPoSlTþN PRoDt glls wtrer¡ hrælved in Íæ. conosive fumes or smoke nay be fomed.

CONDITIONS cONTR¡atmxG TO Ì|âZABDOUS POLY.IIEFZATION illateda¡ tg ¡¡ot known þ potymêrize.

SÏEPS TO BE TATEll lF TATENUU ]S EELEASED OR SPIU,EDfiö ffi'#g*"
reû¡cfron' l¡eu¡a[ze wiür socfi¡n oa¡bmte b neural pH it ac¡¿ was useo. becant ot nrw ano ãenæ¡t J,ñge h an epfloved tûdr¡lt w]þrepernüett. üe dudge can be dralned ínto sewer wtür lúge qunüíes ot rater. 'i'o clean'oor¡ramllä¡e.i noo]", nor, *rn abr¡ndar¡t q¡antiü6of wder inb s€wer. if pennltmrl by fuderal, slaþ, and Ëca¡'rcSuhtlons. lt nor, con.ct ldei and rã ;;b",r".

TYASTE DISPOSA¡.
sodluT p€rnefuânæ þ consftlcred a D001 traza¡dors (¡gniÞble) waste. Fof dsposd d sodir¡m æímnggnde solrd¡ons, þ[a, abornptoc€dtro and doach/ate ü€ Pefinansrate to insoluble rbiænæâ ooo¿e, ano ¿Ëpose or h h; perñìrltJørum¡r. cor¡bcl carus chom¡calCompany for adtfimal recomncnAar¡ns-

$lrmffi*'



Protective Equipment to Be Used

04/23/99 FRI 15:02 FA.tr 815 224 6863 CARUS ENGß @oos

Section Vlll

vElfnl^Ttpx EEoutFEllEmS¡
Prot ide gutrdel¡¡ mechanícal oúor local drhaüst b rflEhÞ¡n exposurs b€þvr letæls ol overocpæure.

ÊESPIRAÎORY PROTECNOX
ln cascs u,ùote ovefogosufe í|ty exlsl. ûe ¡¡s¡ of Nlosll-lt4sxn approyl dus and ûdsl fespraor or an aír supplíed res¡irator b dvtsed.Enginee/ng or aünlnisùú\re controb sho{id be lrytemarÞtl u oürol üst a ml¡ù

EìIE
Fæe $ieft gÞ¡ples, orsdery gþssæïûth rúde sfr¡elds shorÍd be rcflt

ct¡vEs
Rúöerorp$ gbvæ shordd benonr

OT}IER PNOTBSIIYE EOUP.rlEill
l'¡oúrn6l wotk doühg coæthg ern and hgs. tìd n$öor, or dasüc apron shor¡ld be rvom . âl//nn: f doü¡brg becoÍteg conEmlnet€d, wasà
off fn¡nedabfy; spontanoous t$¡üon ¡nry occr¡rwilh cþth ôr æperl

WORK/}IYG!Er!C PNACTTCH¡
wash ht'tdt tto¡ot¡gtuv wih soap qr'¡d rater, drer lran<lirg sodirn pcrmângânato and before eaüng or smolúng.

Section tX

Plobclcontaltcs llorn ffi ànâgè SOre tn ¿cool, dryarea in dosed oor{a¡mæ ornon oomhdËle fbora Segnoa¡e frìor¡ af¡ds.perq¡dcrr üd C combusüb¡e organþ, of eülty oúdlzable riraæ¡an¡.

DEPABTUEIIT OF TRANSPORTTATTO!| INFOFIATION: ' '
Plçer Stippeg Name: 49CFR 172.101 ........,.-.......permatg¡nates, üþrgarüc, 4ü¡€Ous sotrli¡a, n.o.s.

(conbirs socllum pemanganatê)

lD Numben
¡{azard Ctass:........... ..O¡¡ldzsr 5.1

OËmüec Telep¡one Nurnber: ggûr.?Cgooo

RCBA: o¡ridzers $¡cù æ sodr¡m peín¿nganaþ neet lhe cÍlþû of lgrúbue wasæ

Kenneth Krogubki

yt""*rf¿r@
SeptemberlggB

$ffffirm'
Ttn hlomabn conþrpd b acumt¡ b üô b6r ol cr lmo'dedee ttærd d..[, .eåv sË,,ùds rd
ffif;sl3}gP-X^:g*:*_ttlÉl-i.."'D.t-þn.;:iäv.'#ãDro.s o''rÐüed hüdh€ a¡y .*nnræ or¡neæt¡¡t üftr¡tdûtæ¡rraPrtadarprposai:¡rse¡æcan¡etn¡ryør"¡d;oeonplercocsö,Ðoùü;öffiiñffi,]iffiffi
usea strr¡H sa&û tt€nrorvrs l¡r ür€r nå anæ of ¿-Àrnnt ¿¡u ,e¡"rni:b ui;i-p¡íâdâ, ,¡ca.

(

CA, R, 1-' S

Dlvlslon of Carus Corporation
SlSFinhSbeet

P.O.8cu<599

Þru,L61354
Td(41Ðzeelsæ

Fð((At5)2Aíó692

Rev.9/96

I lrìl l^vtrr r- -- J- -- -

Special Precautions and Other

Form I tX 1502



LIQUOX"
Sodium Permanganate

CÀS l.¡o. l0l0l-5G5

LloUOX" sodium permanganato is a liquid oxidant recommended for applications that requ¡ro a concentrsted permanganate
solution.

L lhipping Containers

Assay
pH
Speciñc Gravity
Solubility ln W¡ter

. Concentrated l¡qu¡d oxidant is easily storod and
handled. Feed equipmênt is s¡mp!¡fied (no need to
transfer and dissolve crystall¡ns product).

. Dust problems associated with handling dry oxidants
are eliminated.

. High solubility at room temperature. Reactions
raquirlng s concenirated permanganate solution can
b€ conducted without having to raise the tsmperature.

. Can be used instead of potassium permanganate
whenever the potassium ion cannot be toleratsd, or if
dust¡ng is a critical issue.

¿107o minimum as NaMnO.
6.0 - 7.0
1.36 - 1.39
Miscible with water in all
proport¡ons.

5 callon l18.9ll Tight Head HDpE Jcrrtcan
(UN Specification: 3_Hl) made of High Densþ potyethytene

,(HDPE), weighs 3.5 iU fi.0 kg). Net weight is-S-r tb{ZS.i fg).
. Dimensions, 15.33 in. tall, 10.2 in. wide and-11.1 in. long

(38.94 cm tall, 25.91 cm by 28.96 cm).

5 gellon l18.9ll Tiglrt Head Stael Drum
(UN Specification: lA1) made of 12 gauge, mitd steel, weighs
5 lb (2.3 kg). Net weight is 57 tb (2S.7 kg). The drum ¡s t3:7S
¡n. tall and 11.5 in. in diameter. (34.93 cm talt, 29.21 cm
diameter)

55 gallon f208.2L1 Closed Head Steel Drum
(UN Specification: 141) made of l6 gauge, mild steet, weighs
53.7 lb (2a.a kg). Net weight is 550 lb (2a9.S kg). The drum is
34.6 in. tall, outs¡de diameter 23.5 in., inside diameter 22.Sin,
(87.9 cm tall, OD 59.7 cm,lD 57.2 cm).

NaMnO.
Dark Purple Solution
100 - 1900 ppm
1000 - 2200 ppm
> 18 Months

. Prínted Circuit Board Desmaaring Líke any potent oxidant, LIOUOX" sodium permanganate

. Pharmaceutical Synthesis Reactiãns should be handled with ¡are. Protective equipment during

. Metal Cleaning Formulation" handling should include face shields and/or goggles, rubber

. Acid Mine Drjnage or plastic gloves, rubber or plastic apron. lf clothing becomes
r Hydrogen Sulfide-Odor Gontrol spotted, wash off immediately; spontâneous ignition can

- Unheatsd Locations ex¡sts, uso of the appropriate NIOSH-MSHA dr¡st or mist
- resp¡rator or an air supplied respirator is advísod.

I Benefits .,Theproductshouldbestoredinacool,dryareainclosed
containers. Concrete floors are preferred. Avoid wooden
decks. Spillage should be collected and disposed of properly.
contain and dilute spillage to approximately 6% with watsr
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 sodium
bicarbonate. 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 lim¡ted to: wood, cloth,
organic chemicals, and charcoal. Avoid contact with acids,
peroxides, sulfites, oxalates, and all other oxidizable inorganic
chemicals. With hydrochloric acid, chlorine is liberated.

I Chemical/PhysicalÞara

Formula
Appearance
lnsolubloc
Potasslum
Stab¡lity



LIOUOXn¡ sod¡um p€rmanganate is classif¡ed as an oxídizer.
Sodium permanganate is shípped domestically as Class 70
and has a Harmonized Code for export of 2841.69.0000.

Proper Shipping Name: Permanganates, lnorganic, Aqueous
solution, n.o.s. (Contains Sodium
Permanganate)

Hazard Class: 5.1

ldentification Number: UN 3214

When LIOUOXil sodium permanganate is repackaged,
the packag¡ng, markings, labels, and shipping condítlons
must meet applicable federal regulations. See Code of
Federal Regulations-49, Transportat¡on, parts 171-1g0,
and the Federal Hazardous Materials Transportation Act
(HMTA}.

LIOUOXil sodium permanganate is compatibte with
many metals and synthetic materials. Natural rubbers
and fibers arE often incompatible. Solution pH and
temperature are also important factors. The material
selected for use with sodium permanganate must also be
compat¡blo with any acid or alkali being used.

.' !n neutral and alkaline solutions, sodium peraanganato ¡s
not corochrc to carbon sts-€l and 3lO sta¡nless steol.
However, chloride corrosion of metals maybe accelerated
when an oxidantsuch assodium permanganate ispresont
in solution. Plastics such as teflon, polypropylene, HDpE
and EDPM are also compatiblewith sodium permanganate.

Aluminum, zinc, copper, lead, a nd alloys contain ing these
metals may be slightly affected by sodium p€rmanganats
solutions. Actual corrosion orcompatibility studies should
be made underthe conditions in which the permanganate
will be used prior to use.

Packaoing Group:

Label Reouirements:

Special Provisions:

Package Rgguirement:

Ouantity Limitations:

Vessel Stowage:

lt

Oxidizer, 5.1

T&lntermodal transportation in
!M 101 portable tanks

¡19 CFR Parts 171 to 180 Sections:
17 3.152, 17 3.202, 17 3.242

1 liter net for passenger aircraft or
railcar. 5 liters net for cargo aircraft.

D-materíal must be stowed "ondeck'
on a cargo vessel, but is prohibited on
a passenger vessel. Other provisions,
stow "separated from" ammonium
compounds, hydrogen peroxide.
peroxides and superperoxides,
cyanide compounds, and powdered
metal.

TABORATORY SUPPORT

Carus Chemical Company has technical assistanc" 
"r"i¡"b1" 

to ¡ts pot€ntial and current customers to answer guest¡ons or
perform laboratory and field testing including:

iFeasibility Studies * Toxicity Evaluations rTreatab¡l¡ty Studies rAnalytical Services *Field Trials

CARUS CHETIICAL COMPATUY

During its morethariSGyearhistory, Carus'ongoing reliance on research and developmen! asweilas ¡æemphasisontect¡n¡cat
supportandcustomersarvice, have enabledthecompanyto becometheworld leadeiÍn permanganate, manganese,oxidation,
and catalyst technologies.

(

US

are arvare of all q¡rænt dab ælo¿ant to ûpi¡ parf¡cular r.rses.

CAR

Carus Chemical Compuy

315 Fiúù Stnet

PO. Box 599

Peru.lL6l35{

Tel.(815) ¿:l-1500

Fax (815) 221-6697

Web: www.caruschcm.com

E-Mail: salesmk@caruschem.com

LIOUOX'M ¡s tradomark of Carus Corporation. Responsible Careo is a service mark of the Chemical Manufacturers Association.


