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1345 Pearl Stroot Waukesha W? 53185 414-548-80%8@ . FAX 414-548-”49

September 29. 1995
Ms. Eugenia Chow : EB BED v € [ID
Region V _
77 W. Jackson Bivd. REMEDIAL & ENFORCEMENT
Chicago, IL 60604-3590 RESPONSE BRANCH
Dear Ms. Chow,

During a recent meeting in Chipawa Falls, WI concerning the status of the clean-up
at National Presto, you met with Rick Schulz who briefly described a newly °
developed technology for rapid and complete remediation of contaminated soil and
groundwater. This process is known as GEQ-CLEANSE and utilizes 2 method of
injecting hydrogen peroxide to oxidize contaminants. Our company is the licensed
applicator for this process in the Mid-West and have just begun treating sites in
Wisconsin. We recently did our first pilot treatment at a truck stop to remediate
about 9 inches of free product (gasoline and diesel fuel) floating on the groundwater
and in 2 days got a reduction of contaminants to 3.3 ppb total v.o.c.'s. We are going
into full remediation of this site starting October 9th. GEO-CLEANSE
INTERNATIONAL, which is based in New Jersey, has successfully completed about
18 remediations, all of them successful.

At the meeting, you asked Rick to get you additional information regarding this
process which is endoud. We would very much like to meet witll you soon to

other sites yu might be looking at.

Thank you for your interest, and we will be in touch.

A. Stuart, Jr.
President
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HUDSON EN\WUBOWMENTM. SERVICES 1

NMTROBUCES Gro-fieanse

" ‘W here must be a cost effective

M way to ciean up groundwater
contamination without having
to spend hundreds of thousands of
dollars and years, even decades to do
it.” This is the type of response Jim
Wilson of Hudson Environmental
Services {(Hudson) has heard
expressed by many owners and opera-
tors of businesses and property over
the past decade. The problem has
always been once contamination has
found its way into the groundwater
how do you then remove it?

This problem has produced several
technologies. all designed to pump the
contaminated groundwater to the sur-
face for reatment and disposal. The
approach is very difficult since the

contaminants {i.¢., oil, gasoline, etc.)

usually do not mix with water and are,
therefore, got responsive to being
pumped to the surface by extracting
large volumes of water from the
ground. For this reason groundwater
cleanup programs can extend into
decades and are very expensive.

A new patent pending technology
developed by Hudson changes the
basic approach to the remediation of
soil and groundwater by destroying
the contamination where it exists (in-
situ). This technology has the trade-
mark Geo-Cleanse which refers to the
in-situ oxidative contaminant reduc-
tion process.

The Geo-Cleanse process was devel-
oped by Hudson as an alternative reme-
dial approach capable of rapidly reme-
diating sotl and groundwater contami-
nated with organic compounds includ-
ing fuel oils, gasoline, solvents, chlori-
nated compounds, PCBs, and other
organic based contaminants. Specially
designed equipment and injectors dif-
fuse and disperse a powerful solution
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of oxidizers, catalysts and
other non-hazardous and
environmentally safe com--
pounds to the subsurface
environment. The process
increases the permeability of
most subsurface soils and
then chemically destroys the
organic contamination in the
treatment region.

This process has been suc-
cessfully utilized on several
sites in New Jersey with the
full approval of the New
Jersey Department of
Eavironmental Protection
{(NJDEP) for a significantly

Andrew Kondracki, left, and Jim Wilson,
right, owners of Hudson Environmental

reduced overall cost. The
Geo-Cleanse process requires
only a minimal disruption of
the site and business opera-
tions during the short reme-
diation process (usually sev-
eral days).

Hudson, a member of the
UTCA., is a full service envi-
ronmental consulting, design,
and remediation firm which
has developed Geo-Cleanse
with the goal of offering its
clients a better solution. Since
Hudson’s founding in 1987 by
Jim Wilson and Andrew Kondracki, the
firm’s growth and reputation have been
built by offering clients innovative
approaches to their environmental prob-
lems along with consistent quality ser-
vice. This innovative approach to its
client’s problems has helped keep
Hudson personnel on the cutting edge
when it comes to alternative low cost
remedial technologies. The company’s
experience has ranged from environ-
mental site assessments and audits, tank
closure and bid programs, in-situ reme-
diation programs, and groundwater

Steam is generated as Geo-Cleanse
treats a waste oil contaminated site.

cleanup projects. Clients include vari-
ous manufacturers, oil refineries, mili-
tary installations, school districts and
municipalities, banking institutions, and
other large and small companies.

® Background of the Problem
Industriatized society has historical-
ly stored, discharged and disposed of
various hazardous substances and
waste products to the soil and ground-
water over the years as a normal and
acceptable form of disposal. In many
cases these discharges have occurred

Utility and Transportation Contractor, AUGUST 1994
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without any indication or knowledge
of the facility owner or operator.
These discharges from tanks, lagoons,
drum storage areas, and other areas
may have been discharging over many
years. The end result is severe damage
to the local environment which has
forced companies and individuals to
extend a great deal of time and finan-
ciat resources to clean up the situation.

These discharged compounds have
contaminated drinking water supplies,
contarninated the soil and reduced the
ability of these mediums to support
lite. The compounds are typically dis-
charged to the environment by failures
in the structural integrity of under-
ground storage tanks and piping sys-
tems. In addition, discharges resulting
from past practices of purposefully
discharging hazardous compounds in
open pits, on surface soils, landfills
and injectton wells have had an exten-
sive and long term adverse effect on
the environment.

These compounds are comprised of
aromatic and aliphatic organic com-
pounds and solvents which are also car-
cinogenic and have the ability to
migrate to great depths in ground water,
and are therefore, difficult to remediate
by conventional methodologies.

Typical remedial techniques to
remove soil contamination from the
environment includes excavation of
the contaminant and either depositing
these materials in a landfill as a tem-
porary storage of the waste, or to
transport the contaminated soil to an
incinerator which further degrades the
quality of the air and risks exposure of
these contaminants to human health
and the environment. Landfilling also
increases owner liability, and should
the landfill require remediation or go
Superfund the generators of the waste
would be responsible for the cleanup.

Groundwater remediation consists
mainly of “pump and treat” procedures,
which are typically expensive and can
require years, decades or may never
return the groundwater to an acceptable
condition to serve as a drinking water
source, These programs and the associ-
ated technology are inherently ineffi-
cient and more advanced methodolo-
gies are required to reduce costs and
address the increasing problem
throughout the country. ‘

Recent technological
advances to clean up organic
contamination have included
various in-situ technologies
which treat the contaminant
in its existing location, and
thus, reduce overall program
costs, operational distur-
bances to the site, and pro-
gram time frames. The major
in-situ options available
include fixation, bioremedia-
tion and air sparging. These
programs are also limited in
that they typically require
lengthy periods of time to complete the
remediation and may create more haz-
ardous compounds during the conver-
sion process or result in restrictive use
of the property.

B Description
of the Geo-Cleanse Process

Hudson’s Geo-Cleanse technology
utilizes strong oxidizing agents and
other amendments which convert vari-
ous organic contaminants into harm-
less, naturally occurring compounds
which present no harm to the environ-
ment. This process has been proven
effective in remediation of “tight”
soils (i.e., silts and clays) contaminat-
ed with organic contaminants.

It is important to realize that strong
oxidizing compounds in the presence
of organic materials can and will form
explosive reactions. The Geo-Cleanse
process prevents and controls the rate
of reaction, and thereby, eliminates
explosive reactions while rapidly
destroying the organic contaminants.
This program has been fully reviewed
by the NJDEP, has been determined
safe and has received NJDEP approval
for use on contaminated sites.
Hudson’s engineers, geologists and
scientists will obtain all the necessary
governmental permits prior to initia-
tion of any on site remedial activities
and will see the program to comple-
tion. Upon completion of the remedia-
tion process, the organic contaminants
are either completely converted to car-
bon dioxide and water or have been
reduced to a level where they are
below regulatory limits. Any remain-
ing reagents from the injection pro-
gram are either converted to water and
oxygen or are utilized by the soil and

Utility and Transportation Contractor, AUGUST 1994

Vents evolve steam as Geo-Cleanse destroys
xylenes and phthalates in ground water.

groundwater microorganisms as a
nutrient source.

Remediation of soil, contaminated
with discharges of organic contami-
nants (i.e., fuel oil and phthalates), has
also been completed with the approval
and under the supervision of the
NIDEP. Once the contaminant volume
of soil has been defined. reagent vol-
umes and concentrations can be deter-
mined and the remediation system can
be fabricated and instailed on the sub-
ject site. The Geo-Cleanse System is
then mobilized to the site and the
injection program is initiated. The
injection program will require several
days to several weeks to complete,
depending upon the extent of contami-
nation. Upon completion of the injec-
tion program, the installations and
equipment will be removed from the
site and the remediation program will
be terminated.

A post-remedial sampling and
analysis is performed to document
complete removal of the contami-
nants. One week following the treat-
ment. the organic contaminants will
have been substantially reduced or
altogether eliminated by this process.
Depending on the extent of contami-
nation, the entire program, including
permitting through cleanup and final
evaluation, can be completed in
approximately 4-6 months.

Hudson Environmental Services
is an environmental consulting
and remediation firm located

in Kenilworth.

The firm specializes in innova-
tive environmental solutions.
(908) 686-5959
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SUMMARY
CASE#GK . _____

DATES: __ REVIEWED: RETURNED:
REVIEWER:
SITE NAME:
CITY: | i STATE:
GEO-REF: : __#
CONSULTANT: __ #
PROJECT MANAGER: #
SOﬁRCE OF DISCHARGE:
TYPE OF CONTAMINATION (Product):

LNAPL . DNAPL

Free Product: No Yes ; Thickness ; SQ FLL
SOILS: Depth Soil Type Paorosity Conductivicy

COMMENTS:

Nate: Idendfy plastic clays, peats, limestone, and organic soils,

SOIL VOLUME — SQFT
#%% Nore: Attach Soil Dara . — CU YDS
Swmmary Sheer. o Length
Width
Isopleth Depth Range , FT

I-nghcs: Present Soil Contamination Levels Soil Remediation Standards

Rev, 3/14/95



GROUNDWATER VOLUME: SQ FT

s== Note: Amrach G.W. Daza CU YDS
Summary Sheer. GALLONS
—_— Leggh
: —_— Width
Isopleth Depth Range - FT
Seasonal High Water Table: FT
Seasonal Water Table Flucmation: FT

Highest Present Contamination Levels Groundwater Remediation Staccards

CURRENT PROPERTY USE:

STRUCTURES: (Are there anv manmade soructures above or below gmg' or immediately
adjacent to the area 0 be remedizted.)
NO YES If ves, explain.

QFFSITE: Does coommination exist offsite?

CONCLUSION:

NQ YES If yes, explain.

Is the offsite to be remediated under this proposal?
NO YES

————

Complete _________ Incomplete (see checklist)
Suitable. ________ Unsuible

Complex

Note: *** Anach Groundwater/Soil Data Summary Sheets and Remediation Boxes.

Rav. 9/14/95
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COMMENTS/QUESTIONS:

Note: *** Attach Groundwater/Sod Data Summary Sheets and Remediation Boxes.

Rev. 9/14/95
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GEO-CLEANSE
SITE CHARACTERIZATION
GUIDELINES

In order to propase an ipjtial treatment protocol and price quote, Geo-Cleanse needs at
least one clearly defined portion of the plume which is generaily representative of the soil
and groundwater conditions on the site. In order to conduct a ent the complete
soi r_zon d plume delineation will be required.

This full or D!ﬂﬂ.ﬂm characterization must include:
—  ASITE PLAN
A demiled site plan, showmg property lines, buildings, basement pits,

underground utilities, existing or former tanks, product lines, pumps or other
potendal sources of contamination and the idenrified source of discharge profile.

A SOIL/GECLOGY PROFILE (See Note 1)
A detailed scaled soil/geology cross-section throughout the fuil desth of the
contamination. (The data must be collected by a minimum of 3 continuous split
spoon samples - with continuous recovery in the AOC.

A CONTAMINATION PROFILE (Isopieths) (Sec Note 2)

At least two graphic depictions of the outer limit of the contaminated soi area
(full smear zone) and groundwater area overlayed on the soil profile (i.e., Sont
and side view).

RO W OW DIRECTION
A groundwater flow contour map.

——  SAMPLING LOCATIONS AND DEPTHS

Drawings of the location of monitoring weills and soil borings in the area of
contamination shown. These are to be gverlayed on the soil profile, clearly

indicating depths of samples and results of the most recent sampling on the
drawing.
— SOIL LOGS

All monitoring well conswuction logs, boring and test pit logs.

Rev, 9/14/95
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ISO CONCENTRATION MAPS

The Iso concentrations of soil and groundwater contaminants above remediation
levels shown on the site plan. -

SOIL CONTAMINAYION

Provide a g0i] dara surpmarv sheet of the latest analytical results, highlighting
those results above remediaton standards.

CAPILLARY FRINGE

Provide the known or estimated carpillary fringe of groundwater in the
lithographic unit in which the seasonal high water terminates.

SO, QUANTITY
Estimate the quaptity of contaminated soil remaining in the smesr zone from
seasonal low water tabie to seasopai highwater table including the capillary
fringe at the seasonal high.
RO W NTAMINATION

Provide a groundwater data summarv sheet of the latest apalyncal resuits.
highlighting those samples above remediation standards.

ELUME VOLUME

Estimate the volume of contaminated groundwater in nesd of remediation in
gallons (provide calculations).

R IC CONDUCTIVITY
Provide the kpown or egtimated porositv and hvdraulic conductivity of each

distinct lithographic unit in the profile of the contaminated soil and groundwater
area. :

REMEDIATION BOXES (See Notes)

Draw a stacked set of two rectangular remediation boxes which encompass the

foll exzent of contaminated seil and full extent of groundwater comtaminated

above remediation standards (top and side views, to scale - see technical notes).
GROUNDWATER CHEMISTRY

pH TOC Conductivity

DO TDS




TECHNICAL NOTES

1. It is required to log continuous mﬁ&poon soil samples in the area of contamipation to
be treated, to the depth of the estimated seasonal Jow water table (ie full stmear zone)
and through the entire thickness of the groundwater plume.

2. It is strongly recommended to Geo-Probe or bore the site on a 20 or 30° grid to define
the comfiguration and outer limits of soil contamination,

Remediadon Boxss -
Sketch Example:
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4 Marx Hcad, Suite C » Keniwerth, NJ 07033 - TEL/908)686-5359 - FAX(CCH)635-3678

ReMEDIAL ACTION REPORT
FCR
CHEMOS CORPORATICN
225 EMMET STREET
NEWARK, NEW JERSEY

ISRA CASE #88216

SEPTEMBER 29, 1994
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1.0 introduction

The Chemos Corporation (Chemaos) facility in Newark, New Jersay has been owned
by Chemos since 1981 and was operated by Chemos between 1981 and 1988.
Primary operations involved the manufacture of adhesives for the publishing
industry. Similar operaticns were cencuctad by pravious occupants dating back to
the early 1900's.

The cessation of operaticns in 1988 triggered ECRA (now ISRA). Envircnmental
investigations required By the New Jersey Department of Environmental Protection
(the Department) since 1388 have targeted the 2we (2) areas of environmental
concern at the site, the "Inner Court Yarg" and the “Nright Street Yard", where ‘uel
oil and raw materials were previcusiy stcred within underground sterage tanks.

Significant corresgondenca between Chemos anc the Department includes the
Faecruary 28, 1988 General ‘nfcrmaticn Sucmissicn 'Gi§) ty Dames anc Mocre, the
May 11, 1988 Site Evaluation Sutmissicn {SES) cy Zames and Moore, the January
26, 1989 Resulits of Samgling Plan Impiementaticn by Dames and Moore, the
Qctcber 13, 1989 Hepcrt of Findings and Site Clsanup Plan by CGroundwater
Technclogy, Inc. (GTI), the June 22, 1980 Revisec Site Cleanup Plan dy GTI, the
Department's September 21, 19890 comments to the Revised Site Cleanup Plan,
GTl's January 1, 1991 Addendum to the Revised Cleanup Plan, and the
Department's April 30, 1991 approval of the Addendum to the Revised Cileanup
Pian. A more detailed chronciogy is included in Attacnment 1. '

Hudson Environmental Sewices, In¢. (Hudson) became the autherized environmentat
agent for this case in 13291, Pursuant to the Acril 30, 1991 approval, Hudson
completed a soil excavation in the Inner Court Yard, and instailed three (3) final
groundwater monitoring wells; a fifty foot deep weil (MW-6A) in the Wright Street
Yard to provide vertical delineation, and two (2) off site wells (MW-8 and MW-38) to
provide downgradient delineation. Two (2) rounds of baseline analysis
groundwater sampling events ensued, and a gGuarterly groundwater sampling
program was initiated in September 1992.
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Féllowing the fith round of quarterly sam;ﬁling; Hucdson and Chemos rne't' with the
Department on August 11, 1883 to discuss the Department's precisa requirements
for case closure. Two (2) objectives were agreed upon; removal of free phase No.
2 heating oil in the Inner Court Yard; and reduction of di-n-butyl phthalate (DNBP)
concentrations in soil and groundwater in the Wright Street Yard. Toward this end

bl .

a Remedial Action Workplan (RAW) was submitted to the Department on'
September 15, 1883 to propose a chemical oxidaticn treatment program for the _

DNBP impacted greundwater in the Wright Street Yard.

The Department concitionally approved of the RAW via correspondence dated
Cecember 27, 1893. Hudson addressed the Deparment's December 27 concemns
and proposed chemical oxidation treatments for the DNEP impacted soil in the
Wright Street Yard and for the No. 2 fuel cii within correspendence dated February
22 and March 4, 1984, By letter cated April 7, 12S4 the Department approved of
the chemical oxidaticn prcgrams for the nner Ccurt Yard and the Wright Street
Yard.

The chemical oxication treatment grograms have been completed as proposed.
Post remedial sample analysis indicaie that the treziments have been successful at
removing the gross contaminaticn from both areas of cencern, and no further
action is propesed. The results ¢f the remediaticn activity are presented within
sections 6.2 and 8.3 of this report. As a preface. a brief site ¢characierization and
summary of remedial investigation activity completec to date follows.

o T T e T s T e T o Bt

"—""I \ Y

-—

-

S B B



i L

P

W T O T VT R S VN ST S T R W T

SV U R TR

2.0 Physical Setting

A brief summary of the site charactierization ceatails follows. For further
information, the reader is referred to the reports referenced within Section 1.0 of
this report.

2.1 Site Description

The Chemos facility is ‘ocated on Emmet Street. in Newark, Essex Caunty, New
Jersay (Locaticn Map, Figure 1). The czurrent tenant of the facility manufaciures
stainless steel ccntainers.

2.2 Local Land Use and Topography

The Chemcs faciiity is iccated in the “ircnbounc Jistrict” of Newark. cne of the
cicest incustrial areas n New Jersay. Accroximately 30% cf the grecery within
cne miie of the site is uséd i¢r industrial or commarcial purpesas.

The surrounding area is fla;, with little 0 no sicpe, and rests at an average
slevation of 10 feet abcve mean sea ievel. The antire 0.75 acres 2f Chemcs

property is coverad by duilding, asphait. or concrzie.
2.3 Geology and Hydrogeology

The site is underlain by sandstone and shale 2of the Passaic Formation; a
member of the Newark Basin sedimentary deccsits belonging to the Triassic
Pericd of the geclogic time scale. Above the Pzssaic Formation, there exists a
glacial outwash deposit compesed primarily of sand with lesser amcunts of siit
and gravel (F. C. Rodgers, et al., Engineering Scii Survey of New Jersey, Report
No. 2, Essex County, 1951). Recsnt studies also suggest a lacustrine arigin of
. the sands (White and Harper, 1991). Cepth tc *he bedrock is expected to be
approximately 80 feet (B. Nemickas, Bedrock Topography and Thickneéss of
Plaistocena deposits in Union County and Adjacent Areas, New Jersey, 1974).

(V3]



Site specific hydrogeology has been investigated to a total depth of 50 feet
during the installation of monitcring wells at the site. Unconfined groundwater is
encountered within the glacial overburden at an average depth of six feet below
grade. Groundwater flow trends easterly at an average gradient of 0.003 f/ft.

2.4 Environmental Receptors / Well Search

A well search was ccmpleted bv grier consultants as part of the initiai phase of
site investigation. Permitted domestic supply or potable wells do not exist
within a one mile racius of ine facility. Sait water intrusion has been
decumented to have impacted incusirial supply wells in the area.

3.0 Summary of Areas of Environmental Concern

Twe (2) areas of environmental concern nave been investigated since the initiation
of the ISRA program in 1388:; the [nner Court Yarc and the Wright Strest Yard
{Site Map, Figure 2). A brief descrizticn cof each arez follows:

3.1 Inner Court Yard

The Inner Court Yard is approximatety 80 ft. by 80 ft in size anc¢ enclosec on
four sides. Five (5) ungergrounc sicrage tanks (USTs) formeriy existed in the
count yard. Methanol, toiuene, butanoi, Ne. 2 fue! oil, and methanoi were stcred.
The methanol and No. 2 fuel cii USTs have teen removec and the remaining
USTs were properly abandonec.

3.2 Wright Street Yard

The Wright Street Yard is 50 ft oy 70 ft in size. it is enclosed on three sides by
buiidings, and a lecading ramp provides access on the Wright Street side. In
August of 1989, three 4,000 gallon USTs were removed. The USTs formerly
stored isopropyl alcohol, DNBP, and vinyl acetate.
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4.0 Tachnical Qverview

In lieu of reiterating the volumes of Quality Assurance / Quality Control (QA/CC)
details that have been associated with this investigation since 1388, this secton
solely focuses upcn the post remediation sqil and groundwater sampiing events.
Reduced QA/QC Deliverables are inciuded under separate cover. A sampling
summary table is presanted in Tatle 1. A brief chronclogy is presented beicw to
assist he reacer with the QA/CC review.

!ZEfn

Acril 14, 1594

Acril 20, 1884

April 27, 1884

June 8, 1924

June 14, 1984

~July 21, 1994

E‘/ PQT

First Wrignt Street Yard injection fer soil and
grouncwarer.

First ocst rsmecia; groundwater samgling event
fcr the Wrignt Strest Yard, Weils MW-1, 2, 6, 8A,
and 5 were sampied. Also two (2} pcst
remediaticn scil samples {(PR-1 and 28-2) were
collected ircm the 'Wright Street Yarc.

Weil MW-3 resampled ¢due a determination of
imprcper zurging srocedures on 4/20.

Inner Ceour: Yard injection completed.

Second post remedial sampling event for the
Wright Straet Yarc and first for the Inner Court
Yard. Wells MW-1, 2, 3, 4, 5, 6, 6A, and 7
sampied. '

Third post remediai sampling avent for the Wright
Street Yard and second for the Inner Court Yard.
Wells MW-1, 2, 3, 4, 5, 8, 8A, and 7 sampled.

i



August 9, 1994 Secand Wright Street Yard groundwater injection.
August 16, 1984 Final analysis of well MW-2.

The foilowing text is presented in accordance with NJAC 7:26E-3.10(b)3 and
4.9(b)3. . ‘

4.1 Reliability of Laboratory Data

For the subject groundwater and scil sampiing events, all sample jars were
received frcm and sampies returnecd :¢ Veritech Laboratories of Butler New
Jersey (NJ Certified Lab No. 14822) in iced ccolers, QA/QC samples were
callected in accordance with the May 1882 Field Sampling Procedures Manual.

The results of the pest remediai soil sampling avent in the Wright Street Yarc
are presented in Tatle 2. DNBP ground warer concentration summary tacies
for the Wright Street Yard sampling events on April 20, April 27, June 14, July
21, and August 16 is presented in Taole 2. Inner Court Yard trends for
hsenzene, toiuene, ethyibenzene, and tctal xyienes (BTEX) are presented in Taole
4 and for BN+15 in Table 5.

4.1.1 Sample Holding Times

Laboratory holding times for the sampies collected during the pest
remediation soil and groundwater samgpiing events were not exceeded.
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4.1.2 Method Detection Limits

Method detection limits did not exceed the applicable remediation stancard
for DNBP concentrations in the Wright Street Yard soii sampling avent,

Method detection limits did not exceed the Class lI-A Groundwater Cuality
Criteria (N.J.A.C. 7:3-6) for CNEP ccncentraticns in the Wright Street Yard
groundwatar sampling gvents.

Where non detect values are grasanted ‘or ne June 14 and Juiy 21, 1884
groundwater samciling events icr the innsr Court Yard, the Class I[-A
Grouncwater Quaiity Criteria were excaeced for benzene and xylene
cancantrations.

4.1.3 Precision and Accuracy Criteria

Velatiie crganic compouncd (VCC) and bas2 neutral extraciacie organic
compound (BNC} concantraticns in groundwazaier were resgectively anzlyzed
via EPA Methcds 524+10 and 325-15. instrument calibraticn summaries
are found within the QA/QC Deiiverables package, sucmitted under separate
cover.

4.1.4 Treatability, Bench Scale, ¢r Pilot Study Results

Bench tests were completed for the DNZ2P concentrations in seil and
groundwater in the Wright Street Yard. The resuits ingicated the
contaminants wera amiable to the hydrogen peroxide treatment and wers
discussed in a letter to the Depantment datec March 10, 1994.

4.1.5 Data Coallected to Daevelop Permit Limitations

Permit limitations do not apply to this investigation.

4.1.6 Ecological Assessment Resuits

An ecological assessment was not comgpletec for this site.

7 A



4.2 Sample Collection Techniques

All samples (with the exception discussed below) obtained by Hudson were
collected in accordance with the Department's May 1992 Field Sampiing
Procedures Manual and the Technical Requirements for Site Remediation, N.J.A.C.
7:26E. All field sampling instruments were either laboratory decontaminated or
new individually wrapped dispcsatle bailers (grcundwater sampling).

The purge of well MW-3 on Agril 20, 1994 was not completed in confarmance
with the May 1992 Field Sampling Procecures Manual. This error was
discovered after a sampling teconician noted to a project engineger that the
surge line for MW-5 was not raised and lowered throughout the water column.
Well MW-6 is screened from 25 to 3C ft deptnh and the purge only evacuated
water below 20 ft. The bailer lcwered into the well to collect the groundwater
sampie for lab analysis collected the first water encountered, which was
siagnant water nct impactec"by the chemical oxidaticn program. fler
realization of this misnap, MW-5 was resamplec on April 27, 1884,

4.3 OQOverall Nature of Contamination

The environmental investigaticn and remediaticn activity at this site has been
completed in response to a release of No. 2 heating oil and di-putylphthalate
from underground stcrage tank systems locatec in the Inner Court Yard Area
and the Wright Strest Court Yard Area, respectively. This remediation and
" resultant post remediation investigation conciudes that the fuel oil related
contamination has been reduced (o meet the Cepartment's site specific criteria
for the Inner Court Yard. The di-n-butylphnthalate exceeds Class II-A
Groundwater Quality Criteria in one (1) Wright Street Yard well. However, the
residual levels of this highly bicdegradable compound are of low concentraticn
and only exist in an isolated locaticn within 2 non-use groundwater area.

4.4 Signiflcant Events or Seasonal Variations

The areas of concern are capped and therefore, seasonal variations are not
considered to have impacted the remediation or investigation activities.
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5.0 Remedial Investigation Summary

Remedial investigation of the two (2) areas of ccncern was initiated in 1988. To
date, ten (10) groundwater monitoring wells have been instailed. The remedial
investigation phase of this ISRA culminated in Juiv 1993 after collection of the fifth
round of quarterly grcuncwater samples. A summary of the remedial investigation
activity for both areas of concern folicws,

5.1 lnner Court Yard

Five USTs previcusily existed in the :nner Cours Yard {inner Court Yard Cetail,
Figure 3); three (3) have been prceeriy abarzaned and twa (2) have been
removed. Methancl, tcluene, butanc!, Nc. 2 fue: 2il, and methanol were storec.
Only No. 2 fuel cii is suspectec to have !ezked ‘rom the former sysiem. The soil
and groundwater investigation targetec the VCCs and 3ZNCs relaiad to No. 2
fuei ail.

5.1.1 Inner Court Yard Soil Conditions

investigaticn cf the Inner Court Yarc progressed through several soii
sampling events, results of which sromptec a remedial soil excavation in
September 19S1. In acccrdance with the Acril 30, 1991 appreved cleanup
plan methodcelogy, the remediaticn involved scii excavation to ihe maximum
possible extent, followed by off site scii disccsal. Post excavaicn samples
were not required by the Department. The zciuai extent of excavation was
measured by the environmental ccnsultant at the time, GT1l. However, given
the structural concerns regarding scil remcval adjacent to the existing
buildings, it is assumed that four () scil semples collected by GTI in April
1383 (MW-4, IC-1, IC-2, and iIC-3) represent remaining soil quality along the
perimeter of the court yard. A review of base neutral compound analysis
results from the four (4) samples does nct reveal exceedences of cleanup
guigance levels as attached in the Degartments February 23, 1983
carrespondence, aithough methaod detection limits were elevated above
several PAH compound guidance levels. However, exceedences of the
proposed total organic contaminant cleanuc standard of 10,000 ppm per



b}

NJAC 7:28D-3.2(c} exist at sample locations IC-1 and MW-4. The locations
and tabulated sample analysis results are zresented in Attachment 2.

The inner Court Yard was covered with an impermeable cover on QOctober
15, 1991. Removal of separate phase product from MW-4 was initiated in
March 1882 with a hycdrocarbon skimmer. Separate phase occurrences
decreased significantly as a result of the soil remediation. The chemical
oxidation program addressec the remaining amounts of free product as
discussed in section 8.3.

5.1.2 Inner Court Yard Groundwater Conditions

The inner Court Yard was menitored with a totai of three weils (MW-3, 4,
and 7} for BTEX (EPA Method 624) anc case/neutral extraciable organics
(BNCs, =PA Method 625+15) icr five quarteriv menitaring events by Hudsaon,
beginning with the May 1882 event. Fres zhase iuel cii was sporadically
encountered in MW-4 and MW-7. In gereral, benzene and xylene were
detected above Ciass il-A groundwater guaiity criteria when free phase was
not present (Table 4). The 3NCs cetec:ad at the highest concentrations
(Table 3), namely 1,2-dichioroethene anc cZichiorobenzenes, are consicerec
to criginate from an off site source. The concenirations of each of the
compounds were significantly decreasec cy the June 6. 18894 chemicai
oxidaticn.
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5.2 Wright Street Yard

in August of 1989, three 4,000 gailon USTs were removed from the Wright
Street Yard area of concern (Wright Street Yarc Detail, Figure 4). The USTs
formerly stered isoprepyi alcohci, ONBP, and vinyl acetate. During 1993, vinyl
acetate and isoprcpyl alcohel were determined not {o be present atcve
regulatory concern. The Wright Street Yard werk focuses upon the DNBP
concantrations in scif and groundwatear.

5.2.1 Wright Street Yard Soil Conditions

The Wright Street Yard pregressed through saveral scil sampling events.
The first samples, ottained during UST closure procedures, were retrieved
too deep to represent vadcse zone soil guality (i.a. retrieved from 10 f,
groundwater at & ft}. Scil remcved during UST clesure was returned to the

~ excavaticn atcve a olastic liner. An April 1220 samgling event ‘argeted the
di-n-butyl phthalate {DNBP) concantrations within the returned scil, resuits of
which revealed exceedences of the 100 ppm impac: to groundwater cleanup
guidanca level for ONBP with 1,3C0 zom and 220 pem in samples WC-3 and
WC-4, respectively. The lccaticns and DNEPRP cencentraticns c¢f the sucject
scil samples is included in Aitachment 3. i~ September 1992, 3 ¢oncrete
cover of the Wright Street Yard was verbaily approved By the Zepartment
and was subsequently compieted 2y Chemcs.

The DNBP in the Wright Street Yard has been addressed by the chemicai
oxidation pragram. See section 6.2.

5.2.2 Wright Street Yard Groundwater Conditions

The Wright Street Yard groundwater was mcnitored by eight (8) wells (MW-
1,2, 3,5, 6, 6A, 8, & 9) for total iylenes (EPA Method 624) and DNBP (EPA
Method 625) for five quarterly monitoring events by Hudson, beginning with
the May 1992 event. The results of the quarterly sampling episodes
indicated increasing DNBP concentrations in the wells within the Wright Street
Court Yard (Table 3). During the July 8, 1983 samepling event (fifth quarterly
event) monitoring wells MW-2, MW-3, and MW-8A contained opacgue glotules

11



A,

of free phase product which was visible in the purge water. The product
was assumed to be DNBP, and the groundwater analysis of the affected
wells was canceled. A sample of the purge water was collected for IR
analysis of the product, and DNBP was confirmed. The globules were maost
prevalent in MW-2 and decreased in prevalence with depth.

5.3 Remedial Investigation Conclusion

In response to the DNBP ccnditions encountered in the Wright Street Yard, a
meeting among NJDEP, Hudson Envirenmental Services, Inc., and Chemos
Corporation personnel was held in Trenten ¢n August 11, 1323, During the
meeting, the follcwing issues were rescived:

Zievated xylene concentraticns in groundwater, which persisted in the off site
well MW-5, were presented by Chemcs o be attributable to an coff site scurce.
The Department agreed tc review a preposai to eliminate the cif site xyiene
monitering.  Sulsecuently, cif site xylere ccrcentraticns were eliminated from
further investigation.

Sy letter dated July 25, 1883, the Department disaporoved of the proposec
elimination of vinyl acetate anc iscpropyt aicchol for wells MW-8 and MW-8
from the quarterly sampling program. Subsacuent to the August 11 meeting,
the Deparniment agreed ic eliminate ine parameters fram further
investigation.

Chemos proposed to submit a Remedial Acticn Workplan to address the only
remaining cantaminant cancerns; fuel oil in the |nner Caurt Yard and DNBP in
the Wright Street Yard. The remecial approach agreed to by the Department
was an insitu peroxide treatment of soil and groundwater.

A proposal was submitted to the Department fcr remediation of the site via the
use of hydrogen peroxide on September 17, 1883. The Department approved
the use of the methaodoiogy by correspondence cdated December 27, 1993. The
remediation program was implemented on April 14, 1984. The remainder of this
report presents the details of the remediation technology and the post
remediation analysis results.

12
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6.0

Findings / Remedial Action Report

The fcliowing text is presented in acccrdance with NJAC 7:26E-6.5.

6.1 Areas of Concarn

Each of the areas of concern ar the Chemos facility were addressed by the
remedial investigation activity detaiied in saciicn 5.0. A remedial respense to
each is praesented beicw.

Wright Street Yard; Fermer ONZP UST; Remecial actions were completeg for

this area of concermn. See seciicn 5.2.

Innar Court Yard, Former No. 2 Fuel Cil UST: Samedial acticns were completed
fcr this area cf ccnecarn. See seciicn 3.2

6.2 Wright Street Yard Area

Hemedial acticn was completed ic accress the ZNBP centamination in the sci
anc grouncwater within this area c¢f cgncarn as Zescribed oelow.

6.2.1 Qverview of Remedial Action Technology

Cn August 11, 1293 a meeting was held 'n the among the Depariment,
Chemos, and Hudscn represaniatives to discuss the remedial appreach to
the DNBP conditions in the Wright Street Yard. Due to ingreasing
concentrations of both free and dissoived phase DNBP, the groundwater
sampling program was discontinued after the fifth quarterly episode. The
increasing concentrations and free phase product which had begun to
appear in February 1993 had increased significantly from the previous
sampling episodes, and by the July 1993 event, the samples withdrawn from
the Wright Street Yard well nest (wells MW-2,3, & 6A; see figure 2) contained
high percentages of free' product. The free product was fingerprinted by
Veritech Laboratories as DNBP. -



On the basis of the analytical reports far the Wright Street Yard, Chemos
decided to propose an active remedial apgroach to address the source area
soil and groundwater DNBP contamination. Since the DNBP contaminated
soils were located adjacent to building structures and beneath a concrete
capped surface, an in-situ remedial methodology was evaluated as the most
viable and cost affective approach to the problem.

Initially bioremeciation coupied with a traditicnal pump and treat pregram
was considered, but due to length of time and cost associated with this
approach, Chemos elected tc utilize Fenton's Reagent Chemistiry to physicaily
oxidize the DNBP in the scii and grouncdwater. Hudson developed the
methodelogy which is basec cn extensive siudies and estabiished treatment
methadolagies utilized by the waste water treatment industry. Details of
the proposed remediation were presentec in the RAW submitted to the
Depariment on September 13, 1293 anc February 22, 1894. By letter
dated April 7, 1884 the Derzartment apcreved cof the chemical oxication
program for the Wright Street Yard. A brief recap of the submittals fcliows:

in the waste water industry, hydrogen percxide is employed as an acgcitive
to breakdown organic contaminants intc simple organic compounds which
can be completely degraded (mineralized) 2y the microorganisms to carben
dioxide and water. The problem with utiiizing this process to mineralize
organic contaminants in grouncwater, is the reguirement for an intimate
dispersion cf the reagents ihrcughout the affected groundwater region.

it was proposed during our meeting with the NJDEPE cn Aug. 11, 1983, that
a chemical oxidation of DNEP be expilored through the use of peroxide
formulation technology. The pgercoxide formulation process is capable of
initiating and propagating Fenton's reaction to effect complete oxidation of
organic contaminants to carbon dioxide and water (see reaction sequence
below).

14 :
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Fenton's Chemistry

H2O2 + Fe*2 ws OH- + OH- + Fes3 Fenton's

Reaction
hydregen ferrous hydroxyl  hydrexyl farric
peroxide ien free ion iron
radical

Qrganic Reaction Sequence

~ydrogen Peroxice - Crganic Ccntaminant ---> Carbon Dioxice - Water
(Hydroxyl free radical)

The chemical eqguation shown atcve illusirz:ss the praferred ssquence for
the dastruction of the organic ccmpouncs and the reacticn sequence
illustrates the hycdrcgen cercxide conversicn 3! organic materiais when taken
to completicn. Ouring the reaction sequencs, the arganic compounds are
successively canverted to shcerter chain mone- and di-carscxylic acid
intermediates. These c¢omgounds are ncr-aazardcus, high bteiling peint,
naturally occurring substances wnich are furs-er degraced by the process ‘o
carbon dioxide and water.

Injector System

To overcome the diificulties associaied with cispersing the reagents thrcugh
a ™ight® aquifer, as in the Chemos case, a sealed subsurface mixing head
was coupled to a sparging apparatus (0 permit circulation of the
groundwater in the affected region and tc utiize the injected air as a carrier
for the peroxide. The system is designed :c operate at high temperatures
and pressures. The high temperature and pressure created in the
subsurface environment are necessary to disperse and diffuse the reagents
into the affected region. The pressures that are created and maintained
during the Iinjection program may promote iractures or channeling in the
subsurface environment in a similar fashion tc the fractures created during
pneumatic fracturing which is utilized in Scil Vapor Extraction (SVE) remedial
techniques. In this process, the fractures will assist in dispersion and
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circulation of the reagents through the regicn, with the fractures being less
likely to collapse as in the case of vacuum extraction pressures applied in
SVE daesigns. The heat of reacticn generated by the process will create
temperature gradients in the subsurface regicn which will also assist in the
diffusicn of the reagents thrcugh the aguifer. The effectiveness of the
system would be extremely limited if the reagents were injected to
groundwater via the use of the standard monitoring well designs. The
injector system utilized in the Chemos project has the potential for
dispersing other reagents anc amendments (¢ the subsurface region and is
currently being prccessed for patent protecticn.

6.2.2 Remedial Action Completed for Soil

The first phase of the soil remediation comgzrised a bench test of soil frem
bering area WC-3 (previously tested and snowing 1600 mg/kg of DNEP).
Hydrogen percxice, catalyst ccncentralens and pH ratio were determinec
and optimized cricr 10 treatment of the ONE? affected region.

Upon completicn ¢f the bench tesis and scii injector designs, the injecters
were installed on March 30. 1884 (Wright Stireet Yard Injecter Locations,
Figure 5). Assumptions were that the vciume of contaminated soil was
approximately 370 cubic yaras (1350 sc. ft. area by 7 foot desth to water;
and that the contamination was unifermly cistributed throughout the entire
volume at a level of 1600 mg/kg (werst case ievel found in boring area WC-
3). The quantity of DNBP in both the free phase capillary regicn and in the
soil was estimated at approximately 2000 pcunds. This was the basis for
determining the stoichiometric ratio of hycrogen peroxide to DNBP for
complete mineralization (39:1 molar ratio).

The soil remediation treatment program was initiated on April 11, 1994 prior
to the groundwater treatment to eliminate the source of groundwater
contamination. The treatment was initiated by injecting an agqueous mixture
of 50% hydrogen peroxide in a pH solution of approximately 5.0 through the
sealed mixing head injector. The reaction was immediately initiated as
indicated by the evolution of steam emanating through ports cut through the
concrete cap. The stream which is a bypreduct of the reaction, was
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immediately screened with a PID to determine if there were any volatile
organic compounds present in the gas stream. The resuits indicated no PID
readings in the gas, as anticipated by the chemical reaction sequence. This
was later confirmed by representatives of the Cepartment during a site
inspection and evaluation on April 13, 19%4. The injection was completed
with 18 x 85 gallon drums of S0% hydrogen ceroxide injected througn six (8)
equally constructed sail injecters. Each injecier mixed the peroxide with the
agueous based soluticn and discersed the mixture into the scil. The reaction
was cansidered ccmelete ugon adgition ¢f ne required stoichiometric ratic
of hydrcgen ceroxide and a recucticn in 2 evciuticn of steam ifrom the
vents.

On August 8-1C a secand hydrcgen pergxice treatment (Additionai Wright
Street Yard Injecicr Lccations, Figure 8) was zerfermed an the scil iollowing
an increase in CNEP concentraticns in the shailow grouncdwater (MW-2). This
increase was artributakble to rasicual juantities of SNEP in the scil inside the
building beneath the former DONEP transier pump. The source was
discovered by collecting scil samples beicw the concrete floor and by
perferming soil-water agitation fieid tests. This procedurz was alsc
performed in other areas surrounding the tr2atment region but the resuits
indicated no resicual centamination present. The likely reason for the
residual DNBP remaining in the area may have peen due ic the plasiic
sheeting which was placed against the wall sefore tackfilling the excavaticn
with the contaminated soil and/cr the barrier created by the tuilding
foundation preventing the diffusion of the hydrogen peroxide beneath the
building. The second treatment was conducted by injecting 10 x 53 gallon
drums of 50% hydrogen péroxide soluticn, in an agueous mix, in the area
shown in figure 2.

6.2.3 Remedial Action Compieted for Groundwater

Due to the continuing and increasing presence of ONBP in the groundwater
(both free product and dissocived phase), Chemos proposed a groundwater
injection system to oxidize the DNBP utilizing hydrogen peroxide. The
groundwater removed from the monitoring weils within the Wright Street
Court Yard during the July 1993 samcling event exhitited free phase globules

17



ot-DNBP and had a "milky white" appearance. Groundwater sampling had
besn discontinued after the July 1993 event and the hydrogen peroxide
injection program was proposed.

The program was designed for two groundwater injectors to disperse
hydrogen peroxide and other reagents tc the groundwater (Figure 5). There
were originally two injectors installed tut due to siit fouling one of the
injectors was rendered inoperable. The viable injector system (described
above) was installed within the Wright Street Court Yard, in an area
previously occupied by the DNBP UST. The injector was screened from a
depth of 30-35 feet, which corresponds to the depth of monitoring well MW-
6. This depth was chosen to permit greater fracturing and better circulaticn
over a shallow injector installation and the location was considered to be
within the scurce area.

roliowing the instailaticn of the :njector and treatment of the seil, 6 x 35
gallon. drums of 50% hydrogen peroxide were injected into the grouncwater
with the sparger system and acuecus pH adjusted mixture. The injecticn
program was completed on April 14, 1884, A second treatment was
conducied on August 9-18, 1594 cue to in¢reasing concentrations of DNBP
found in the post remedcial analysis. A residual "pocket" of CNEP
contaminated soil was the cause of the increasing concentration anc
foliowing the second soil i{reatment program, an additional 5 x 55 gallen
drums of 50% hydrogen peroxide soiution with the other requirec
amendments was added te grouncwater via the injection system.

6.2.4 Applicabie Remediation Standards and Post Remediation
Results

The source area of concern was the backfilled DNBP contaminated scii
surrounding the former UST and the transfer pump located on the inside wall
adjacent to the Wright Street Yard. The applicable remediation standard
for DNBP of 100 ppm in soil is contained in the Department's current
guidelines for “impact to groundwater”. The Department's Groundwater
Quality Criteria for Class lI-A areas is 900 ppb for DNBP. These were the
remedial design objectives for the Wright Street Yard remediation program.

-
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.The results of the post remediation evaluation program indicated a

maximum concentration of 2.6 pem of ONBPR in the area soil (Table 2), which
is below the Department's mast stringent guicelines for this contaminant in
soil. Chemos propcses no further action with regard to the Wright Straet
Yarg soil.

The resuits of the post remecdiation evaluation of the Wright Street Yard
groundwater indicate that the hydrocgen geroxide injection pregram has
succassiully eliminated the free ghase DNEP (Tacie 3). In acddition, the
grogram has recuced the concentration of INBP in the aifected area in
monitoring wells MW-1, 3, 3, and BA :c ccncentraticns below the
Department's Groundwater Quality Criteria cr Class II-A (potable water)
areas. The only monitoring 'weil with concentraticns above the Department's
tancarcs is the shallcw moenitcring well {'MW-Z).

The concentraticn ¢f DNBP in MW-2 is 2.200 pcos with no free preduct
present and scurce area soii beicw impact ¢ grouncwater standards. Tne
axceedance in the shatlow mcnitcring well is zonfinec to a limited area within
the boundaries ¢f the site. The compound is ccnsidered to be highly
biodegradable under aerobic cenditions. The oxygen levels in the arsa
grocundwater are currently elevared due to :he hycrogen peroxide injectec
during the remediation program, ang thereicre, the compounds are likely tc
degrade to below requlatory standards. The impaciad groundwater is in'a
non-use area and nas not been detected cif site abcve reqgulatery concarn.
The residual contaminants do not pose a threat 'o human health or the

envircnment.
6.2.5 Propoesed Action for Wright Street Yard
Chemos requests ng further acsicn for soil and groundwater canditions in the

Wright Street Yard and proposes to seal the Wright Street Yard monitoring
wells.

19 ,



6.3 Inner Court Yard Area

Remedial action was completed to address this area of concern as described
below.

6.3.1 Remedial Action Completed

Chermes personnel have inspected the nydrocarbon skimmers in the inner
Court Yard wells on a weekly schedule. Free product accumuiations of oil
have not been reportad in MW-4 since December of 1993. In order to
address the residual oil which may have Seen present beneath the building,
which was not removed during the soil removal program, a peroxide injection
was performed in the Inner Court Yard Area on June 6, 1984,

The program involved the insiallation of cne scil injector system which was
located aprroximately 1C fest sguth of menitoring well MW-4 (Inner Ccun
Yard Injector Location, Figure 7). The same treatment prccess described
for the Wright Street Yard was utilizec for the Inner Court Yarc. Tne
reagents used in the injection program invoived 5 x 53 gallen drums ¢f 30%
hydrogen peroxide im an agueous basec solution with a pH of 5.0. The
injection produced steam whnich emanated from a vent installed in the
adjacent lpading dock area. Tne sieam was screened with a PID with nc
volatile organic campounds fcund to be present in the gas.

6.3.2 Applicable Remediation Standards and Post Remediation
Results

The purpose of the inner Court Yard remediation was to reduce the amount
of free phase No. 2 heating oil in the area. Based upon the absence of free
product in well MW-4 and the results of the post remedial groundwater
sampling events (Tables 4 and 5), this otjective has been achieved.

6.3.3 Proposed Action for Inner Court Yard

No further action is requested for the Inner Court Yard area of concern and
each of the Inner Court Yard wells are proposed to be sealed.
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6.4 Summary of All Remedial Costs Incurred to Date

The foilowing estimated costs have been incurrec since the initiation of this ISRA
in 1988:

Tank Removal and Cisposal Fees $11,945.00
Consulting Costs and Labor Cosis
(Engineers, Hydrogeoicgists. Draftsman, & Tazhnicians) $282,264.16

_ Analytical Costs $86.953.23
l Subcontracicr Ccsis
scil bering and driil rig subccntractors $3,3632.00
Y] gxcavator anc loader sutccniraciers $11,875.00
= land survey subcantracicrs $2,234.00
_ Cff Site Soil Risposat Fees 3$7.,627.00
m;] ~ Chemical Oxidarticn Treatment Prcgram $15,224.00
s NJDER Fees - - $23,350.51
Misceilaneous
*] equicment rental, express maii. fees, etc. 4 316 89
] total costs incurred $470,560.89
i
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7.0 Effectiveness Anaiysis and Certification

An analysis and certification is required to verify that the compieted remedial
actions meet the criteria contained in Section 35(g) of P.L. 1983, ¢.139. In the
case of this site, remedial action was necessary to address soil and groundwater
cantamination associated with No. 2 fuel oif and ONBP. Remaedial action was
completed via chemical oxicdaticn. The following discussion addresses the
ceriificaﬁon and anaiysis of this cocmpleted remedial action.

The initial screening cf the remecial alternatives considered the effectiveness,
implementability, timeliness, and cost of each. 3y applying these controlling factcrs
to the technologies available to remediate DNEP and fuel oil contamination, chemical
cxicdation was chosen as the most cost effective alternative.

The chosen remedial aiternative is considered an effective an site remecial technicue
for the subject contaminants. Further evaluaticn of this alternative for; its atility
1o reduce ioxicity, megility or volume, employ rsuse cr recycling, ability to address
threats to human heaith and the environment, implementabiiity, long term
effactiveness, short term effectiveness, cost, and community concerns, all preve
favorable. Application of this cnemical oxication technology has reduced :he
contaminants to levels which are considered proiective of human health anc the
envircnment for this industrial arez of Newark.

2
[
]

—

povecy  pmmey =3



TABLES

T T M M e g



TABLE 1
POST REMEDIAL SAMPUNG SUMMARY TABLE

) FOR
‘]J CHEMOS CORPORATICN
I SAMPLE ANALYTICAL SAMPUNG :
I _EQCATION MATREIX DEPTH PARAMETESS METHOD DATE
PR-1 scil 8.5-77 | BN+15 So/Tr | 4/20/94
T—l |__PR2 sai | 8.5.7 | BN+15 So/Tr 4/20/94
i MW-1 water | water tadte BN+15 Saiiar 4/20/34
J MW-2 watar | waier tacle BN+15 baiiar 4/20/94
‘ MW-5 | water | water table BMN+15 | bailer 4/20/94
. MW-5 | warter | water tacle BN+1i5 bailer 4/20/94
v ] MW-8A | water | water tabie | 8N+15 bailer 4/20/94
i_ MW-5 | water | water table | Di-N-Butyl Phiraiate |  bailer 4/27/34
] MW-1 water | watar tapie | Di-N-3utyl Phthaiate | batiar 3/14/34
? MW-2 watar | water tapie | Oi-N-3uvi Phinaiate | bailer 3/14/92
i MW-3 water | water tavie 3N«15, 3TEX | bailer 5/14/94
,'_] MW-4 | water | water tadle SN+15, BTEX I baiier 3/14/34
i MW-5 wailer { water lacle Qi-N-3utyi Phihalate ? bailar 5/14/34
l MW-3 water | water tacle Ci-N-gutyi Phiraiate | bailer 8/14/94
1 MW-5A water | water taple | Ci-N-Butyl Phinaiate | bailer 3/14/94
. MW.7 water | water table BN+15, BTEX | bailer | 5/14/94
~ l MW-1 water | watsr table Di-N-Butyl Phtnalate bailer 7/21/94
MW-2 water ‘water ‘able Ci-N-Butyl Phihaiate Baiier 7121794
- l MW-3 water | water table AN+15, BTEX bailar 7/21/94
] MW-4 water | water table BN+ 15, BTEX baiier 7/21/94
- MW.-5 watar | water taple | Di-N-Sutyl Phthalate bailar 7/21/94
I MW.§ watar water table Di-N-Butyl Phthatlate hailer 7/21/84
N MW-8A watar | water table Di-N-dutyl Phihaiate bailer 7/121/94
MW.-7 water | watar table BN+15, BTEX bailer 7121194
MW-2 water | watar table Ri-N-Butyt Phthalate baiier 8/16/94
Fiaid Blank watar | water table BM+18 bailar 4/20/34
Field Blank water | water table 8N+15, BTEX bailer 6/14/94
Trip Blank watar | water table 8TEX baiier 8/14/94
Faild Blank watar | water table BN+15, BTeX bailer 7/21/94
Trip Blank watar | watar table BTEX bailer 7/21/94
Field Blank watar | water table Di-N-Butyl Phthalate bailer 8/16/94

Se/Tr « SAMPLE COLLECTED WITH A STAINLESS ST=zL SFCCN FRCM A BOREHOLE

ADVANCED WITH A TRIER.
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TABLE 2
WRIGHT STRERT YARD POST REMEDLAL
SOIL SAMPLE ANALYSIS RESULTS
A
CHEMQOS CORPORATICN
SAMPLE LOCATIONI WRIGHT STREST YARD
RESLATS REPCRTED IN mykg FIELD SAMPLE CENTFICATION PR PR32
{PEATS PER MILLION) LAB SAMPLE DENTIFICATION]  AA22888 AAZ2837
SAMPLE DATE 4/20/94 4/20/94
SAMPLE DEPTH 8.5-7 8.5.7
MICEPE SCL CLEANUP CAMTERIA
RESDENTWAL NWESDENTN.E MPACTTO
PARAMETER (UNITS) DIRECT CONTACT | DIRECT CONTACT | GROUNDWATER
IBASE NEUTRALS (oom i i R ]
DILLITION FACTCR 333 167
MDL A - LOWEST 3.72 9.17
MOL 3 - HIGHEST S - = 3.8 1.3
Ne-Nltrosodimetnviamns Not Pyplishnea Not Published ¢ Mot Published ! ND < '.3 N) ¢ 0.92
Pvnigina Not Prublisned | Not Puoiished ' ‘ot Publisned | ND < *.3 NO_«0.92
Bis(-2-ChicrosinvENer 2.88 I 3 10 I ND_<1.8 | ND <0.92
1,3-Dicniorobentene 510Q | 19000 i 100 ND «<'.8 ND ¢ 0,92
1.4-DIchombenzene 570 i *0000 ! 100 1,3 J J.558 J
Benzw Alconot 10000 i 10000 [ 50 ND <1.3 | ND <0.92
1.2-Qlcnisrooenzane 5100 | ' Q000 i 50 | 2.0 | 1.5
Jis(-2-Chloroisoorooviiether | 2300 ! elelo]s] 1Q i ND <3 | ND <0.92
N-Nitroso-Oi-n-orooviaming | .38 ! 1.66 ] | ND <*.3 | ND <0.92
Hexacriomemene ! 3 ! ‘90 1go I ND <ct.3 | ND <092
Nitrobenzens | 28 ! 520 10 | ND < .3 | ND <0.92
isopnorons i 1100 | *0600 50 | ND <t.3 | ND ¢0.92
Benzowe Acd | Mot Puplisned | Not Pyptisnea ‘ot Pubiisnen ¢ ND < 3.8 NG < 1.8
Bigi-2-Chierosmony)Memane | Not Pupiignaa | Not Pupisnea | Vat Pubished | ND < 1.8 ND < 0.92
1,2, 4= Tricniorobenzense | 58 i 1200 100 | ND ¢ 1.3 ND < 0.92
Naonmaisne {PAH) | 23¢ H 4200 100 | ND < '.8 1.1
A-Chiorcanilne 230 ! 4200 ot Puplisnea | ND < 1.8 ND «0.92
HexAcn 0MDUEatene t ! 21 ! 100 ND <t.3 ND < 0.92
2-Memvinaphinaiens ! Not Publisned | Mot Puniisnea | “lor Pubiisnes | NO < 1.3 | 1.19J
Hexacnicrocyciopentiaisne 400 t 7300 i 100 | ND 1.3 | ND <0.32
2-Chiormraphthaiens Not Publishea Mot Puptished | Not Publisned | ND < '.8 ND < 0.92
2-Muroaniine Not Putiished Mot Pupiisned - “lot Publisned | ND < *.3 NO < 0.92
Dimetnyl Phthaiate 10000 3004 50 | NO <« 1.3 ND ¢ 0.32
Acanapnmyiens (PAH) Nat Puniisnec Not Puoiisnea | ot Publisnea | ND < 1.3 ND < Q.92
I-Nirgandine | Mot Pupiished Not Puplistied ' ‘ot Pyolighen | MO < 1.8 ND_<0.92
Acsnepntena (PAH 1400 10000 : 100 ND < 1.8 ND < 0.92
Dibstzoluran Not Publishea Neot Pupisnaa ) Not Puplished | NO < 1.3 ND « 0.92
2,4-Oinrotoivens 1 4 ! 10 ND < 1.8 NO < 0.92
2.8-Dimrowivens 1 + ! 19 ND <1.8 ND <0.92
| Dlstvionniaiate 10000 ‘9008 ! 50 ND <18 | ND <092
AN e ther Not Publisned Not Pupisnect | ~Not Pyblished | ND < 1.8 NO < 0.92
Flucrens (PAH 2300 10000 ! 100 NO <13 | ND <0.92
A-Nitroaniine Not Puteished Not fuplisned ' ‘ot Publisned | NO < 1.8 ND <092
N-Nitmegdiohanviemine 140 2349 ! 104 NO <« 1.8 ND < 0.92
A-Bromophenyi-onenviather Not Published Nor Puciisheg | ot Published }| NO < 1.8 ND < 0.92
Hexachiorbenzens 2.88 2 | 100 ND < 1.3 ND_ < 0.92
Phanantwane (PAH) Not Pyoiigheg Not Published Mot Published | ND < 1.8 ND_«0.92
Anthracene (PAH) 10000 10000 100 ND <18 | NO <0.92
| Ot-n-Butylphthetame 5700 10000 100 _28 2.2
Fluormnhens (PAH) 2300 10000 100 ND_ < 1.8 2,38 J
|_Cyvene (PAH) 1700 10000 100 . | ND <t.8 9.31J
Henzickng Nt Puntished Not Pubdlished Not Published | ND < 3.8 ND < 1.3
thaiate 1100 12000 ! 100 ND . < 1.8 ND < 0.32
3.3-Dichiorobenzidine 2 8 ! 100 NO <13 | ND <092
m-&m 1AM 2.9 4 i 500 ND «<1.8 ND < Q.92
Bis{2-E NythexyIPhihate 49 210 ! 100 ND <13 2.4
|__Chrvsene (PAH) 3 40 i 500 ND <18 ND_<0.82
Ol-n-octvi onthaiate 1100 t 10000 ! 100 ND < 1.8 NO < 0.92
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WRIGHT STRERT YARD PCST REMEDIAL

TABLE 2 (CONT.)

SQIL SAMPLE ANALYSIS RESULTS

CHEMOCS CORPORATICN

SAMPLE LOCATIONI ___ WRIGHT STREET YARD
RESULTS REPCHTED IN mg/kg PELD SAMPLE DENTFCATIONI ___ PRt | PRz |
(PERTS PER MILLION) LAB SAMPLE IDENTIFICATION AA2Z8ES AAJDIBS T

SAMPLE CATE! 4720734 4120154
SAMPLE DEPTH as-r | e57
NUDERE SO CLEANLP CRITERIA
RESIDENTAL | NON-RESDENTIAL ] MPACTTO
PARAMETER (UNITS} DIRECT CONTACT | DIRECT CONTACT | GROUNDWATER
BASE NEUTFLAL_S feant} ] I T e B andal g
Benzo(biFluoranthena (PAH} 2.3 i 4 | 50
FanzaikiFluorannans [PAK) 3.5 ! 4 ] 00
BenzolalPvrans (PAMY .86 0.88 i 100
Inosna1 @.:i_ccii‘vr.no (PAH) 2.9 4 i 500
Noenzota NAnmracena [PAH) .68 3.88 1 1Q8
Benzoign.lPerviens (PAHY | Nat Puoisned | Not Puohsnea . Not Pubisniec |

TENTATIVELY IDENTIFTED BASE NEUTRAL COMPOUNGS (TKCs! B _

Uninown | 73.83 ! 38.922
Banzens. 1.2.3-mmatnvi- i 592 - | 2988
Ocmascana, 2.6-gmethwi- | 2.96 | 1.484
Hexagscanoic aad i 4. Ad | 2228
15-TatracosenoIe acuy, My ; 210.9 t 105,788
Tatragacanoic acsd ! 25.977
Prnosononc acid. Tisi2-ethv ! 31.52% .

BN TARGETED TOTAL | 8.5

BN TICs TOTAL | 178,868

BN + 15 TOTAL | 187.468

ANALYTICAL METHOD:

BASE NEUTRALS - EPA METHCD 8270,

NCOTE:
NA - NOT ANALYZED.

ND - INDICATES COMPOUND WAS ANALYZED FCR BUT NOT CETECTED ABCVE METHOD DETECTICN ILIMIT IMOLY
J- INDICATES AN ESTIMATED VALUE USED WiEN A COMPOUND 1S DETECTED AT LESS THAN THE SPECIFIED MOL
B - NOICATES COMPOUND IS ALSO PRESENT N BLANK.

page 2

F ame |



el

B T A A I A S

17
el

~

R R

TABLE 3

WRIGHT STREET YARD GROUNDWATER
DI-N-BUTYL PHTHALATE ANALYSIS RESULTS

FCR
CHEMCS CCRPORATICN
AESULTS REPCRTED IN ugt (PO
WELLNUMBER|  Mw-1 | Mw.2 MW-3 MW-5 | MW-8A
WELLCEPTHI 17.5° | 19 22 30 50°
INTERVAL CF SCREENI 2.5.17.6 | 4.19° 5-25° 25-30° | 40-50'
SAMPLE DATE i
28-May-92 S-S B $3 s20c | 3700
19-Aug-32 2 zse 53 380 | 2700
2-Dec-32 | ND<3 | 22% NC <3 350 | 120
23-Feb-33 | ND<s | st0c0 T2 16000 | a2
8-Jul-93 | ND<é | NT 3l NT | AT
11,14-Apr-94 i FIRST PESCXCE REMET LAL TREATMENT PROGRAM
20-Apr-g4 | 44 | 250 NC <30 35000 38
27-Aar-34 _ i (_ren::togmpn;
14-Jun-34 | ND<to | 1800 a. 8800 | ND<10
21-Jul-34 | ND<3 | 13000 13 190 | 14
9,10-Aug-34 ] SECCND PERGXIDE REMEZ AL TREATMENT PRCGRAM
17-Aug-94 | 3000

ANALYTICAL METHOD: BASENEUTRALS £PA METHOD 625,
NCTE. ND-INDICATES CCMPCUND WAS ANALYZED FCR BUT NOT DETZCTED
ABOVE THE METHOD DETECTICN LIMIT (MOL).
J-INDICATES ESTIMATED VALUE USED WHEN A CCMPCUND IS
DETECTED AT LESS THAN THE SPECIFIED CETECTICN UMIT.
B-INDICATES COMPOUND 15 ALSC PRESENT IN THE BLANK.

NT-NOTTESTED, FREE PRCDUCT SAMPLE CCULECTED.
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INNER COURTYARD GROUNDWATER
BENZENE, TOLUENE, ETHYLBENZENE, AND TOTAL XYL EHNE AHALYSIS RESULTS

FoR
CHEMOS CORPORATION

AESULTS REPORTED IN ugh (PPB)

WELL NUMBER MW-3 MW-4 MW-7

WELL DEPTH T 19 18°

WNTERVAL OF SCREEN 449 419 3-18"

SAMPLE DATE B T E X B T E X B T E | x
26-May-02 MA | Na | Na | na | s0 | | s0 | aro [ T NT_ | N L NT
19-Aug-92 w |2 |2 [w | N e [ | NT NT_ | Nt | T
2-Dec-92 ND<5 | ND<s | ND<s { nD<s | nr | nr | nr NT NI NT_ | NT | T
23-Feb-93 ND<5 | NO<s | ND<s | no<s | 738 [isoo| 740 | 2000 Twnces | sia | 77 | e
8 93 NO<2 | NO<2 § ND-2 | ND~2 | NU QD ONE L e MW [ Nbco ] 20 | 64 | 140
6-Jun-94 PEROXIDE 1REATMENT COMMETED
14-Jun-94 ND<1 | ND<2 | ND<2 | nD<z [ no<i00] 220 [ nn<zoo | no<zoo | nD<too [ b<200] 1900 ] 2004
21-Jul-94 ND<i |ND<1.6]ND<t8|nD<2 7] ND<200 | 500 | ND<aso|nn<7ao] ee | 160 | 280 | 520

ANALYTICAL METHOD: VOLATIE ORGANICS - EPA METHOD 624.
NOTE: ND - INDICATES COMPOUNI WAS ANALYZEL FOR BUT NOT DETECIED ABOVE METHOD DETECTION

LIMITS {(MDL).

NF - NOT TESTED DUE TO FREE PHASE PRODUCT IN WEL L.

NA - NOT ANALYZED FOR BTEX.

J - INDICATES AN ESTIMATED VAL UE USED WHEN A COMPOUND IS DETEGIED AT LESS THAN T IE
SPECKIED DETECTION L IMIT.

8- INDICATES COMPOUNOIS ALSO PRHESEMT N THE Bl ANK.

E - INDICATES (HE ANAL YIE COMNCENIRATIOH EXCEEDS THE CALIDNATION RANGE OF T1E GCMS
WISTRAUMENT FOR THIAT SPECHIG ANALYTE.




i TABLE 3
INNER COURTYARD GROUNCWATER
/N « 13 ANALYSIS RESULTS
oR
l CHEMOS CORPORATION
- SELD SAMPLS DENTFICATICNI  WW-) Wt Ww.7 | FIED BLNK MW= W4 uW-7 | FELD SLANK
FRESULTS PEPCORTED iN ugt SAB SAMPLE CENTIFCATION! AA24287 ' AAZ4289 | 1424768 | AAZ4270 | AASOSE | AA25S0SS | AAZSOS? | AA25059
PARTS PSR BLLIONY SAMAEOATE! 5/14/94 | $14/94 | 374494 | 314194 7121/94 % TI2Vi94 1 721794 0 TI21194
DEFTHOF WL | kA L 3 18 - 19° 19° 180 ) .
R NTEHVH.CF!E'_ENI a1 Aty ERE U - bar g 4ty .18 |
CLASS LA
i CUALITY CATERW
J H 2 [ | 4 2 | 2
4 4 2.4 2.8 1.3 | ]
< . 29 20 +Q 40 20 | 20
20 PND <10 ND < '00fND < ' IND <10 [ ND 2 ND <« 3 NO <51 NO <3
J Avndirm Not fiuowehed | Nt Puptaned | ND < 10 MD < 100/ %0 « 10 [ND <10 {ND <20 INO <20 IND <10 | NO ¢ 'O
. 3lu(-2-Chio rosuyi) Ether 2.93 [T INO <'0 ND <100iV0 < 0 |ND <8 JNO <48 INDcaed |ND 2.4 ] NO <24
: 7 3-Dichioropenzene 300 s TND <8 D c'00f -0 IND<'0 [ND <11 IND <1l IND <53 NG <3
& T.e-Oichorebenzens 15 5 | NO < t0 - N0 <00 ‘9 ND <10 [ND e12 IND 12 12 | NO <3
Aloohoi 2000 Not Aviblaor | NO < 10 ND < 1001 N < ‘0 I ND €0 [ ND ¢ 2,8 IND <29 IND <t 4] ND <t 4
1,2-Olchicratenzene 300 5 | MD < '0 118 | '3 INQ ctd {ND < 11 59 t4 | ND < 5.5
s12-Chlo/omonrooyNEthar 3130 i g FND ¢ 0 N0 <« 00! N0 < "0 I NO <) FND 3.8 IND <88 IND e 24 ND < T
| N-NArosogh-n-orooyiamne | 1,008 | 28 PND ¢ "0 NO < t00tNG <10 [ND <3 [ND <39 NO <39 IND <3| NO <3
\ winane 3.7 ] INO <19 ND < ‘001N <10 (NO<"0 |ND <13 [ND<'d IND <48 ;: NO <34
[T —— 3 [T ' NQ < 'O ND c 1001 NG < NO <:0 INO <35 INO<35|ND <17 NO <17
Isaphorens 100 ta I|ND <10 ND < 100 ND < 10 [ ND <0 | ND < 3.8 IND <38 IND <19 | NO <3
Senrow Acd Not PokaNea_ | Mot Pugkaned | ND < 20 ND < 200 | ND < 20 | ND <20 | ND < 40__IND < 40 _IND < 20 | _~D < 29
i G higioethoxyjMetnane Not Aunished | Not Puglisned | NO < 19 NO <1001 NO < 0 [ NO <10 [ NOD < S.2 IND « 5.2 IND € 2.8 | NO < 2.9
1,2, 4T ricniomoenzens 3 1 | 13, M) < 100 [ ND <10 JND <10 INQ <10 IND «35.2 | w0 <32
] [Trerer————TYY Nt Pusiered | Noy Puolenes | NO < 10111 %O <0 | NO <1Q IND <ga | 77 NO < 42 | NQ <43
LChisrmandine Not Poisned Not Puplisned | NO < '0 ' ND < 100 | NO < 10 | ND <10 | ND < 20 NO < 20 ND <10 | ND < '3
Hezachisrauagisns ¥ 1 NO <10 NO ¢ 100 N0 <t (NB <10 {NO «15§ ND < 1% IND <« 7.4 ] ND « "t
_ 2-Mothyinaonthaiens Not Puniened | Not Pustiened | NO <« 10 - 150 NO <19 |[NO <0 |ND <8 i8___IND « 4 NO < ¢
M 50 1L ND < 'Q 'SND <1001 N0 <10 ND < ‘0 _N_DLcla ND < 1) NE-:S.A NO o« 54
] | __2-Chisronspiinaene Nat Puniished Not PoHened | ND < 'Q ND < 1001 ND <10 IND <10 |ND < 8.4 IND <84 |NDO <42 ND < &g
v -Nitroamiine _NotPuniwheg | Mot Puksned | ND < 10 " ND < 100 | N0 < 10 {ND <10 | ND <48 INO <48 [ND < 2.4 NG < 28
Oimettwt Phthaisle Not Pubihed 10 50 iNO <001 ND <10 [NO <10 | ND <44 [NO <44 iND <22 ] NQ < 17 )
] Acenanithviens (PAH) Nat Avaiabis 1 g NO <10 NO <1001 NQ <10 | ND <0 {NO «5.2 ND 252 IND c28 | ND <78
] J-Nitroaniine Not Pusilshed Not Pupkshed | NO < 10 ND < 100| M0 <10 | ND <10 1MD <20 (NG <20 ND < 10| NO < "0 |
| Acenapivhers (PAH) 400 g ND <0 'NO <100|MD <10 IND<'0 [ND <52 [ND<852IND <281 ND < 34,
Dibenroturan Not Sroteee Not Puotisned | NO < 10 1 NO < 100 | NO « 10 IND <10 IND « 4.4 |ND <44 iNO 22 N0 < 12
2,4-Oinnmwivens Not Puniehed | Not Puphiensd | NO < 10 . NO < 1001 ND < 10 [ NO <10 IND <44 IND <4 IMO <22 | NO <322
I 2.8-Dinetro s ive ne Not_Avmlaie 19 ND <10 ‘NO « 1001 ND <10 | ND <10 i ND «3.2 IND <232 INO <8 ND < ' 5
35000 19 ND ¢ 10 /N0 <100/ NO <10 INO 10 |ND «3.8 IND <18 INO<'3 ND < '3
Neot Aubished Nat Published | ND « 10 |ND <100 NO <10 | NO <10 I ND < 5.2 [ND 5.2 INO « 2.4 NQ < 2.3
300 10 ND « 10 iNO <108 NO <10 |NO <18 IND <4 MO <4 IND «2 NO < 2
Not Protened | Not Pubilenes | NO € 10 (MO £ 1001 ND < 10 [ ND 10 INO « 5.2 ND <82 NO <38 | MO <24
L 20 NO <10 IND < 1GO|ND <10 |ND <10 IND <3t INO <21 ND<t.8 ] NO<'3
. Not Puoliened | Net Pubiished | NO < 10 I NO < 1001 ND < 10 | ND <10 | NO < 4.0 NO = 4.8 |ND < 2.4 NO < 2.4
Q.02 19 NO <10 | ND < 100 NO « 10 | ND 210 ND < 1.4 M_JJSA NO < 1.7 NO <17
Net_Avwsistis 10 NO <10 | 844 NO <10 | NO <10 §ND <235 29 ND <1.& | NO <'d
2000 19 ND < 10 NO < 100 NO < 10 | NO <10 IND <2.6 |ND<2.8 |ND <13 ] NO <)
3200 20 NO <10 (150 ND < t0 10 NO <1 a0 NO < 1.5} NO <3
300 10 NO <10 INC < 100)ND <10 | ND «t0 INO <28 JMD<2.8 (NO<1.3] NO <3
0 20 N_9<10 _I'!_J_«!OO h_gcro NQ 210 _Wn:l IQLGO NO < 2 NO « 2
_0.0002 T NO <20 | NO <2001 ND <20 [ND <20 IND <40 [ND <40 IND <20 | NO « 20
100 20 NO <10 IND <1001 ND « 10 |NO <10 IND <3.8 |ND <238 ND<1.7 NO <t 7
—-2.08 [T ND <10 [NO 100/ NO <10 | ND <19 INO <5.2 [NDO«3.2 1IN0 «28| NO <28
Not Putiiehed 19 NO « 10 [ND <1001 ND <10 {NO <10 INO «3.0 INO 3.8 |ND <18 ]| NO <8
3 30 38 ( s0.8 150 8 3.8 IND < 0.4 40 4.3 ND « 3.2
Nt Published 24 NO <10 ING <1008)ND <10 | NO <10 |NO «38 [ND <38 /MO <19 | ND<t3
© 100 Mot Avaiabie | MO < 10 | ND ¢ Y00 NO <10 JNO ¢« 10 I ND « 9.2 3.9 ND < 4.8 | NO <48
Not Putished 10 ND < 10 INO 100 NG <10 [NO <10 [ND <12 [NO <12 IND <# NO « 1
Pk 2 ND <4 D <40 | D <4 | ND <3 | NO <58 [ND ¢5.8 tND «2.8 1 NO <2}
Nt Pudiiehed 20 MO c 10 (MO < 100] ND € 10 | NO <10 | MO « 4.4 JND < 4.4 IND < 2.2 NQ < 21
Not Prpiehad 20 ND <10 I NO <100f M) <10 |ND <10 | NO 3.0 'ND 238 [ND «1.3 ] NO <2
Not P olshed 10 ND <10 I ND < 100iND « 10 |ND <10 IND c 44 [ND 44 [ND <22 ND < 2.2
Not_Avasisnie 20 NQ <10 NO <100 ND <10 [NO <10 [ NO < 4.8 [ND < 4.8 |ND < 2.4 NQ < 2.4
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TABLE 5 (cont.}

INNER COURTYARD GROUNDWATER
B/N + 13 ANALYSIS RESULTS

FOR
CHEMOS CORPORATICN
i TELD SAMMALE IDENTFICATION!  UW-1 - Wiwse w7 | FIELD BLNK MW-3 ) Wt MW-7 | FIELD GLANK
RESLLTS AEPORTED IN uyt LAB SAMPLE DENTFICATION! AA24287 | AA24289 | AAZ4288 | AA24270 | AA25086 | AAZSOSE | 4425087 | AA2505Y
(PARTS PER AILLIOM SAMPEDATE! 8/14/904 ' 8/14/94 | 8714194 | 5714794 7IZ21i94 nztur_él_z'ugA | 214
SEPTHOFWELL | 19 19° ! 1 | - 19 [ty [T
NTERVAL OF SCREENI  4-'9* | 419 | 318 | - a1 R 3.18° |
GAONDWATER | PRACTOA. - =
] CLASS A | QUANTTTATION
PAMEFEHMITS\ CLALITY CRITERIA L._EVB.
TENTATIVELY CENTFIED BASEMEUTRAL CONPOUNDS S e co
[ Phenoi_eciz 223 1omamern "o ) W1 WD N0 *C
ern;—— 1Az ' 1400 are | D 100 | ea0 88 O
Phenol, 4-(1.1.7,3-teramemn ] D el ] N 20 N Do )
Haotans. 2.2.3.4.8.6-naxamet D 2408 \D i ND N | ND 54 | D
Decane. 2.8.3-1nmetvi ND ND ~0 | D ND P ND 18 ! D
Cyconexanematianol .sone. ) ~C ND ! N ND N 22 ]
HOOta e . 3-attwiS-atativi D D : NG | D N i a0 24 : D
Phangi, &4'«1,2-claiivi1 . 24 O as i D N ¢ ND 24 | o)
H‘Eﬁ'fm 33 NG ND ! ND ND | o) L4 | D
Hegtars. 4-stht2.2.8.6-tat ALY 590 b | v M1 240 Mo o
| Herane. 2.2, s-trimewry- N0 N ) WL sz N e
Hexune, 2.2.5-mmetivi D 2000 32 | AD ND 1 440 -1 o
23-ORYDRC 1 METHYLINGENE ] - B - EIY ML 0
Pertane, 2.2 4 4-tetramettv: X - I ) oL 2z - )
Uk fiown ane : MO 2900 ! 720 | o ND I T4l N | D
Undeonre. S-ettn. ! 0 o I ND TY M O
Naoimhamns. 1,8-gimethve ) ] MW D! 200 S
Cecane. 2.3.5-Inmethwh AD ND N1 W ND L 282 N D
Trdecane. 3-oroov- ND 240 XN LD Mo 1 1se N . D
Tsragacane ! AD kLI 0 ] D ND I 188 ND | h v}
Bantaidervas. J-methw_oxt iz ol ) | w8 ] 0
Hexaocancic Acid. dioct s ? [T - D D D i ND D ~D
Qecune. 2.2 3-trimethv ! ND he) ] 28 D ND ! a ¥] N AC
Cocecans, 2.7.10-rmethvi- LN Y ) o ! w0 M| O
Nonane, 1.7-dimefhyi- 1 N AD ! 74 ND D ND ND ] O
Qacune, 2.8, T-irimethvi: R B~ N T Ny N D M I W
Phanol. nomv- | D ND | 78 ND N ND ND | ND
Octane. 2.2.6-inmetiwi- ! ND 1280 | D D ND ND N )
8N TARQETED TOTAL T4 484 | 02 L] M 31313 32.3 [Xs]
BN TICs TOTAL 268 ‘1900 | 2138 N 138 1804 08 | ND
BN - 15 TOTAL 342 2784 1 2328 13 138 4117.9 4403 | ND

ANALYTICAL METHOD: BASE NELTRALS - EPA METHOD 825+15,
NA - NOT ANALYZED,
NOTE: ND - NOICATES COMPOUND WAS ANALYZED FOR BUT NOT OETECTED ABQVE METHOO OETECTION LIMIT (MOLL
J- NDIGATES ESTIMATED VALLE USED WHEN A COMPOUND S DETECTED AT LESS THAN THE SPECIPIED DETECTION LMIT.
B INDICATES COMPOUND B ALSO PRESENT N BLANC
GROLINDWATER QUALITY CRITERIA AS PER NUAC 794

PAGE 2
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Common Questibns and Concerns Relating to
GEO-CLEANSE

1) Who is Hudson Environmental?

Hudson principais and personne! responsitie for thes deveslopmenr and
application of the process have educational dagrees in Chemical Eaginesring
(Jim Wilson and Aadrew Kondracki), Geologizal Enginesring (Eric Schlauca»
acnd Eavironmental Science (Paul McGana), Jim Wilsen is nhc deveioper of the
tecanology and wiil be the patent holder. The other parties listed acove
provided much assistance with the continuing efficiency and acplicaticz  of
e Technoiogy. T3e research in this area was ‘nidated inm 1967 iz responsz ¢
sroblems varicus cliears aad  with both scil ard  groundwaler orzanic
¢ontamination o areas which were difficul: o aces and 2xpensive 1¢
remediate (i.e.. beneath bpuiidings and loading docks: This paizat pencing
Jrocess is propristary with regard to the in:2cilon svstem and methodoicgy.
out not the Feoten’s Chemistry emploved m =2 (reatment. Budson perscnie!
are fully qualifisd o implement the program at varicus sit2s across  the
country ises artached Qualifications Brochure |

g
S

)

2V Are the chremicals and caemistry Involved with the  imfection
program saje and effec:iive’

H=.J.H. Fenwon deveioped a chemistry which oxiiized maiic acid thrcugh the use
of hvarogc'x percxide and iron salts in 18%8.  This chemistrv has Jeen, and s
s:ill wideiv used bv ithe wasie water indus:r«' Ior irsalment of orgaalc waste
{particaiarly non-biodegradabie c¢ompounds). Zwdrogen peroxide s othe agiive
ingredient in the oxidation of arganic ccmpounds by this zethodoicgy.
Hydrogen peroxide is sale in the eavircnmen: due w0 -its low :ssacentrarions
once it is dispersed into the soil or groundwaizr. Hvdrogen percxide injeciion
tc the supsurface environmen:t resuits in ;22 rapic  disintegraiion or  ihe
orgapic compounds. generating carbon dioxicd:a. water and  oxvIen. Crioer
amendments added to the igjscucn sirsam inciude race amounis 9f ferraus
saits in a pH baiancsd solurion. Sarfety information is inciuded in ippeadix 1.

"]

The chemical efficienacy of the procsss has >eza widely documentsd in :the
waste water indusiry and cthe mechanisms arz weil kaown. The jnncipais of
the oxidation procsss in which the hydroxyl free radical cleaves and oxidizes
organic compounds results in the formation of successively smailer chained
hydrocarbon compounds is also well documentzZ. The intermediats compouads
formed are mono- and di-carboxyiic acids which are non-hazardous. naturally
occurring substances that are easily oxidized o carbon dioxide and water
(mineralized) during sequenrial reactions. The cleaving of the organic
substrate does not and will not produce volatiis orgamic compounds which can
be liberated to the atmosphers. The most volatile organic compound which
can be created during this procsss is Methanoic Acid, having a boiling point of
100.5 degrees centigrade. Documentation of the above iniormation is
contained in appendix 1 (Solvay Interox Corpcration).



3) How much Hydrage}z. Pzroxide (s injected during the Pilot
Treatmen:?

The quantity of hydrogea peroxide utilizs in the pilot treatment is
determined from the absolute mass quantity of contaminants within the
contaminant region.  This includes the dissolved phase loading, capiilarv
region or fres phase loading and the residual 30il contamination. The
calculated charge is based on the geologica! and chemical properties of the
aquifer and contaminated soils. The progr=m uses an excass of hydrogen
peroxide in the injection to compensate for decomposition of the hydrogea
peroxide tc oxygen and water and losses due o mineralization of the
contaminant subsirate. The acwal chargs is generally an ordc. ar
magnitude over the theorsiical quantity. This amounts to an effective
concsarration  of usually less than 1% =zvdrogsa percxide within the
affected aquifer. In soil the quantities of in;=cied matenais are based on the
concentration and distribution of the ::ntamin"nt The addition of
hydrogen peroxide is alsa useful in creasing dissoived oxvgen
comcsatration in  groundwater which wcu;.. fur:nm stimulats biclegical
consumption Of the organic coataminan: through aareral  remediation.
Hydrogen peroxide has besn widely 2valuateZ in the literature and is saown
to rapidly deteriorate in  the eavirenmen: bv cacalyu‘c dscomposition.
Hvdrogcn peroxide amendments w0 the sussuria environmezt is 1  teol
empioved by the savironmental bior-mc;.is.txon mdus:r?. ity fare and
longsvity have besa weil documented, anZ cthersipre any  sxosss rsogent
will rapidly degrade and assist in the natura. -emediation precass.

4) Whar s the method of Injection’

The system empioved for the injeciion 37 the rsagents s comsidarsd
propreary and a pateat application 1§ \._.ra-ulv being oprocessed for the
protection of this technoiogv. The injecior :ccntains a mixing 22ad wiick is
utilized for the intermixing of the rsagents 'i.: avdrogen peroxide, cataivsi
charge in apn aqueous based soiution: and zas componeals o sumulate the
circulation of groundwater via pneumatic :nd avdraulic effecis whica are
designed to promote rapid reagent diffusicn and dispersion.  The injecicr
system is composed of stesi or aluminum -wvaich {s capable of withstanding
the elevated temperatures and opressures Zenerated by the reaction  anc
degradation of the hydrogen peroxide. Txz= injector is sealed beneath 1he
subsurface at a predetermined depth and screzened across the rzgion of soil
strata which will permit the transmissivity ind optimize the distribution of
the reageants t© the comiaminated rzgion. [t is imperative that a highly
specialized injection system be utilized in this procsss in order for the
reagents to be properly distributed o the maximum extent possidie. The use
of Rydrogen peroxide in a Fesnton's reagezt treatment program cannot Oe
effective distributed to the aquifer by the use of monitoring well type
designs. The addition of strong oxidizers :o a monitoring weil containing
organic materiails will producs a highlv localized, rapid ecxothermic
condition. This will result in an explosive reaction with the reageats along
with soil and groundwatsr being violently ejscted to the unsaturated zome or
to the atmosphere. The CEOQ-CLEANSE svstem gencrates these coaditions
under controlled rates utilizes the pressurss and temperaturss generated
during the process to imcrease dispersion and diffusion of the mageats. In
addition, by sealing the injector beneath the subsurface, the system utilizes
gases, both imjected and as generated by :ae reaction. to further circulate
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7) Whar steps are involved in the remedigl process?

The implementation of the program is naighly dependent on an accurate
characierization and delineation of the conizminant plume. Assuming a fuil
evaluation has been accurately completed. a Pilot Treatmeat Program is
conducted which is then followed by a Fui’. Remediation Program. The Pilot
Treatment Program is required and necsssar to define the radial extenr of
affegrive treatment from one injcc.or .acated within the coataminant
plume. In the case of 2 smail discharge. : single groundwater injecicr may
be capabie of remediating the site (i.e.. smzil gasoline starion discharge).

During Pilet Treatmea:. the groundwater -wvill be evaluated “or hvdrogen
peroxide concsniration wvia ifest sirips and =s2asurements will be takea of the
dissolved oxygen ceateat. pH and milliveir potenual of the groundwater.
Monitoring weils at var_xinv distances from the injecior will e urilized for
the evaiuaucn in 1 simiiar methedolegy @ 1zat of 2 soil vaper zaxiract siudy.
This will provids rezi time *:aluat*on szramersrs during e injeciion.
Following the mc..‘.cn program, BTEX malvsis {assuming 1 gasoline
discaargs: will pericrmed 2n he grgunlwater monitoring wells within
the proposed treaiment arsa. 15 d be bcmparcd o Jrevious test
resuits and :the radius Jf iafiusnce can t2 delzrmined by u...:polaucn ar
exirapolaticn orf the dara.  Thais intormaticn will e urllized :z determining
the number and spacinz of ipjeciors for 12z full ireamment zrogram. The
Pilot Treatmeznt data s act necsssarily uou::‘:d to derermine I e area nas
besn successriuilvy remegiateZ, it is maniy  Ztilized 0 determiznz if the are:
nas besa imgzacied Hv ode Treaumenr and the radius of influence. A prorecst
for determining if thz gZroundwaier guaiii standards have 3ses1 achievec
will be proposad Jor oregulatery aprcraval in a Remziial  Aciien
Workplan(RAW, for the fuil scale remediziizn program.

L)

8} How can a clienvregulator be assurzd  there will e nro rebound
in conrtaminan: levels?

concucted one wexek foilowing

The pest remedial 2vajuation sampling wiil
e sampling is conducted after

the compieticn of the :rsatment program. .

one wesk 10 permit 2il residual nydrogen perex 1de 10 decompose wd to ailow
sufficient time for the aguifer to stabiliz= and ,thbrate Isilowing  the
circulation and disturbancs of :the aquifer. Following the igitai evaluation
and pending satisfactory resuits. two adzirional sampling and analytcai
events will be conducied several moths rom the Treatment Program (0
document the condition of the area of concsrm.  Tae results of e program
will then be submiited to the regulatorv zgency in the proper format fer
site closure.

[t should be empnasized that both the chemisi=~ and the reagents ‘njected pose
no hazard to human health and the environment. A health and safety pian is
prepared for each job on a site specific rasis. This program also uses
substantially less hydrogea peroxide thaa would be required in a
bioremediation program and the concentration injected is rapidly diluted 1o
concentrations below health risk standards. This program will benefit the
public by both reducing the costs to remediare environmental contaminants
and improve the quality of the site more rapidly than any other current
methodology.
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the aquifer and disperse the reagents. Tae dispersion is enhanced by the
chemicali and gas fracturing features of the system. The reaction of the
hydrogen peroxide on the aquifer has demonstrated this channeling and
fracruring effect on commercial treatment sites. The diffusior methodology
fg created due to the emperature and pressure gradients estabiished in the
subsurface. By addition of these reagen:s o the subsurfacs througa a
monitoring well, most of the reagents and all the pressures would be
transferred by the well packing material ug the scrssned and cased sections
and vented to the unsaturated zone thershv wasting the mechanic and
thermal energy that could be applied o the aquifer to diffuse and disperse
the materials to the maximum extent possidie.  Enciosed is the report ‘rom
the University of Nevada outlining the casmistry emploved by the procsss
and is antached in appeadix 2.

Whar is the vrare of Injecsion and how s (r determined?

The rate of injeciion is determined in the ie=id and is based con :he natvs
fermation pressures. A the avdregen percnile o injectzd. the orassurs s
monitored at the aixing head with a flow rate prassure aot zxcesding the
formaticn pressure.  The pressure is the Z=rarmimiag paramer:sr during the
injection program waich Jiciares the max:mum {ow  rate. The rars of
injection of nvdrogen pergxides is maintained weil peiow 2s formation
pressure sincs maximum avdrogen pjeroxide arficiencvy is based on a more
dilute lew rate which will minimize undesi-aple sids reacticns.

Why are [ron Curalys: Svstems utilizzd in the Process and waa:
I

are the implications [For groundwarer quaiizy!

The iron catalyst in the Fenron's Reageat Jaemistmy h2as a weil documeznted
role and fate in the reaciion segueacs.  Irzn saits in the form of ferrous
suifate are added 0 the injection mix to gzznarate -he hvdroxyl nadical. o
addition. other aon-nazardous me:ailic salts 3:d in :he rzacdon, Jur ina TOSE
cases ferrous sulfate is the oniy proposed catalys:. During ke opuimum
reaction sequencs ferrous suifate is mixsd with hvdregaz percxides
producing a hvdroxyl radical and converting :the farrous sulfatz o 2 ferric
compound. Tiae ferrous sait (Fe=23 is soiu>ie in ¢ aguecus 3Jhasz and is
necessary for the generation of the Aydroxvwl radical. but ke ferric ion
(Fe+3) will not generate the hvdroxyl and :s insoiutie. However, ihe fermic
ion can be regenerated to a ferrous form 3v a second reaction with another
moilecule of hydrogen peroxide. Therefors, :he iron available in the ferTous
form wiil be regenerated as long as thers is an excass of hydrogen peroxide
present in the aquifer.  Evenwuaily. the iron wiil precipitate out as the
insoluble form of iron. This process will 210t adverseiy impac: groundwater
quality with respect to iron content, and wiil acruajly assist in precipitating
out pre-existing quantities of iron and other metals. This procsss may assist
in precipitating other hazardous menllic ccmpounds from groundwater and
further investigation is being conducted at this time. Additionally, since the
iron will regenerate into a soluble phase thers is no fouling reiated
problems associated witk the injectors or <channeis as long as ratios are
properly maintained. In addition. iron conrent available in various soils
and aquifers throughout the couniry mav provide more than sufficient
quantities of the ferrous ion to catalyze the reaction. This information is
contained within University of Nevada swtudy conducted in 1990 and attached

in appendix 2.
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=~nenql, dintlro-arthe -crasel and twe unknown gheratic
wasiawaters of indusinai origin. Fenten’s Reagent,
a3, was used as ihe caralyst ‘or Jroguction of
rescive free-raaical species at ok 2.3, The resicual hy-
srocuess of nyarogen gercxice CxIC3UCN were avatuatac
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ifac-haten reactors! in relation 10 2 vOICal municica
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Materials and methods

Hydrogen Peroxide Oxidation

The reacucn of ioae ana/ or rafr3ciory grganics was
carrieg cut in gatch stirred reactors. The oM was
maintainea constant during the course of reacticn By
acoition of NaCk or H,80, as racuired (pH = J.2). Free
ragical fcrmation was c3talvzad by farrous suifate
{Fenton’s Reagent) addrtion, 10 {8 100 mg/! as Fe,
added from a stock solunicn of FeS0, (1000 mg/l as e)
wnicn was 310red undar refrigaratad canaitions anc
raglacac 'wn {resn sciulicn ¢ 3 Monthiy Dasis,

Samoie 2raivsis duning e r2acucn includes Chamicai

Sxyger Zemana:STCY, Toizi Srzame Cargen (TCC,
rgtal onanclics (measured Sy e d-aminoantigyrine,
1.AAP zoionmernc ;acnnicual, 2nc resicual tveregen
segroxice 1y 2013ssium iCgice-3¢cium igsuifate
nraticn Srocecure), T sresarve tne samoies ior 1esis
amer tnan rasiguat 5,0, the sercxice was guickly
desirovec oy tne ageincn of catalase (Fermeziase- CCC,
Sinnsugar Sicgnermcals, 'nc.. ik Zreve Villaga, 'L anc
‘e 30s2nc2 or =.0, was canfiemas ov =0, 1280 SU0s
(B TIUANT EM Sciancs, NG, Therry =il NG

imtatly, 3 stancarcized s8¢ o re3cen congitsns wvas
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o Gy, CHCl, = 135,80, =3 00, = E=0 =20~ L

However, In this c2se, (118 7ot cas:rec 2weonvart 2C2 e
C2, Gyl father 10 C2us2 3 ieS3 2iensive anmary or
acseotacie cegracaticn of :C?. 2aseq gning niual
screering, tne icllowing reaclicr enguens vere igund
ta De maost suiante:

oMt = 3.5
s 4;C5: OCP = 4:1 {molar basisi
» Fe30, = W01 100 mg/I {as Fe)

The catalyst concentration was 10 mg/!for the syntheuc
wastewatars but was increasad far the wasiawaters
cailected fram the fieid if tha reaction was unaccantably
slow. The optimum pH {3.5) corraiates well with previaus
data ang carresponds with the maximum rate of free-
radicai formation by the Fe3C. catalyst.'® Additionaily, it
was found hat a stegwisa addition of H,0, was mare
affective than a large initial input. Thereiore, the required
H,0: dosage was divided up and added in equal fractions
at ona-nour intervals over 2 four-nour reaction period.

Several goints in (he dartch exidaticn reacticns wera
samaiea for iurther study (1O ity 3ng T oo3gracs siiedd,
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wrerz g may be found frem e giffarence '~ e
sicza of tne substrate input 3¢ the suosiale ragoCrsé
witisin the reactor, or:
.2 =(5, ~S3}/X

el 1
« 3 = substrate input (Mg i~ he=')

« 3 = substrate response {mgl hr="

e { = mixec liquor volatile suspended sciics

(mn o
(g



Figure 1

Typicai rasuits for @ *“fac-Dateh’’ rezcror.
A comparison of toxic {cashed lines) and
non-toxic (salid lines} inputs.

SOUN or TOC

Threshold
_ of Toxitity

1 2 3

Nocs: ‘nout s smye off after 2 hours ans CZ2 ana T0C are measyrec

aftar 48 Aours [0 detarming r85:SL 31 rerraciors Carnecunas.

Jiolegical Siudge

The ziocagradanitity was avaiuatec in 2R 3 using twe
separate diclogical siuages of different character. The
Hrst siudge was odtained fram tne Metro Nasnwiile
Cantral ‘Wastewater Teatment Facility as neecdeg. This
sludge was considered to be Typicai of municioal wast@
treatment processes. Althougn itis recsgnizad hat
some time-dependent variaciiity in the siucge
characreristics are unavoidatle, this was the oy

way 10 evaiuate the impacs Qf reaction progug:s an
unacsimated municival sewage sludge.

iy

The sazzna siudge was crecarad in (N8 ladGratary 55 a
siancarz waell gcsiimaiad siugge This slugge -~vas

dcchma iz 10 3 vanety of C2MMCN Organics 3ng 3oma
mere Z:iiicuit, Jul Diccegracante, arganics of .Agusinal

Srigin. Tha faeQ useg 'vas 2 signtvanation ¢ tna! usac

Ov Kinrcannon, et al., ¥ anc consisied of the “zilcwing:

* Acamz acid 10 mgil

* Emvi 31congi 4 mg/l

e Ciutammic acia 2 mail

e Zreiama ZIveai Cr g,‘l

* 2, 3-Iiznicroonenc 27 mgil

Thegs tzmoonents wers 'aC IInunuQusiv 3T 3 f3iz 3t
@ Z2r 22V N ECCinon, SILCIS2 ENG 38BN A AL INANTS

were "I ‘0 iNe slugge re2CIINs N 3 38MI-CE 1IN mola

THIS 32120 f2ed consisiac 2 tNe falewing:

s Mgt z mel

¢ Fa-- 3.3 gt

.
i
1
(
n
i
[Ty}

T cama- s o Lo am I
=TI EITEE IUTEr -2l ;I GeETLEs vl
T~ - am T
TOST meil =S T e T
« T e S22 -
W 2l3E8 2z ol

THig w2z 3Cdec ines zer tav oz CO-iterirorament, -

3CZinT T tNe re3cior SCRr3UNG naraclanstcs wvers
Tair iz nac as iollows:

« SN o= GAB @ ICT T nasiss

X = Z 3CCmgit

s 2 =1 Zavys invdragiic resicanza umel .

“he sicoge was acTimatad by siarting with 3 weaxerec
conumuous feegd wiicn was gracualy srenginensc
unul 27 was readily degradec |about 4 weeks) anc
men TT2 fyil-sirength feed was acciied coniinuousiy



Wastewarer Characreristics

Syntnanc wasiawatars were Cresared in tha ‘ascratars
and saweral inqusinal wasiawalars were 20taines rorm
ingusirial saurcas. The industral wasigvaiars wera
cnaracianzea accarging i@ CCO. TQC, g+, d-amirg-
anucynne [ 4-AAP! reaciive £omooungs ang caicr.

The gndracienisucs of all wasiawaters ;asiad ara Ziven
in Tagle 1.

Resuits and discussion

Barch reaction with hycrogen peroxice

The wasiewalars, synthnetic 3r frem ncLstrial scur=as.
wers r23ctat Wi Ovarogen Jercxice J8sages
signarficantly less tnan thatrequirad forulimats cxicaucs,
ag., &5 4,0, c0 TCR versus (300 régquirsg ior aiurmaia
szoversicn, Tha intant of (nasa r33¢uen CIngilicns was
‘G iNQuUG2 a anmary 2r aczanistie canversicn 3t Tugt
srmaller axidant costinan citirmare conversicn ‘gaztly,

rzmoved and the CCL weula ve graaiiv ragucas. Thg
weSuT INGICate 311935t 3 OnMary Cegracaucn of e
orginai comggunds. A voical sat of Baicn reacton caia
i s7cwn in Figure 2 for 2CP

Tha 2ar1a are noticeal, as some ultimata saaversion
CC28 accur. Mowever, 3iTar an iniuat decraasa, e GO
S 28 ramain fairly constant while the rasicual ©C2 =raps
i€ 2z smait gercentage of the originai (< 102 2ng e
CZ I sontinues 1o decraase cver ithe course of ra
fR2IUCH.

In Z2neral, the 4-4AP 3rgivncaiecnnigua s zarsiine
W3 QR vanety of Crenchc Tomooungs. "™ Tharstaa,
M@ ZanUly of e rasicual 2-2AP reactva 2amoturas
WES SGLSNCv knownr. TG ewaiuale e vancity 37t
lecrnique as a measure o the original czmecuns, re
s7 -asults 'was analy 2940 using §as chrsmatsgracny
icr ZCR angne 4-3AF tacnnigue. The rasuils foigstas

32 zgreement devween JC2 mesgurac iCeTiNil
auring the cfurse Sf the oxicanen rasenen, ha T ol Frz -maaguivaient oCP Tmazsured ov ha =-2 A
W~CUIC 20T SNANG2 BNAICIUNG NC JIMA2 "3rmaval! wrid 3amcus SCMme 3CCINCNal SomEouUnas ers a3l el
e SRBMCHCS 155 TeasLrec v ing d-aAP l@enmigues vmzSesAfagnnigue farznce n D08 v Gl A - DD
or TCP 2nmovasiawaiars | Aanc i sowt TE lomoiEinv w2Z. 7% aversge = = 27 2% However rmaw 2
ieoie 7
Charactaristics of wastawarars _sad in tnis werk.
coe TZC 2-AAF
Wastewarer pr imgil gl {mgil) Sier
oce 3.2 758 278 880 coicress
CNQC ™ 3.3 335 71 - colcrags
} 6.8 1,277 a2z 3682 calerass
Il 12.2 6,362 2.282 7.38¢8 pale seticw

“ONCC = ditug-arna-ciessl

b,



conclucad (nat few of ine Ivarocucis ¢ DCR sxigztion
v hvgrogen ceraxiae ara siill i iNe snenclic arm 3nc
thatine +-AAP rastisan excailent measure oi :na srimary
degracation cf OCP and otner snenatics.

The affic:encv 2f the reactian Precass may be svaiuatad

according ta ine fracticn of ine vitimate nverogen

oeroxige usag curing the oxicancen, ar

«i a2 .0,/ 12.153C30,) fai
where

« ¢ = frzcion of ulimata hverdgen sercxca uged

« 1,0, = hycragen perexicd 2ClLElv cSnsumsas cuning
reaclen

¢ COC, = ‘muai CCTO or tne vasewaler
anc,

« 213 regcrasents e conversicn fzgigr for T, Jamara
o nyarcgen cercxice cemsana.

A comotera summary of the "vCragan tarmxiza reacicn

Jata s given i Tagie 2.

The2arts AQICETR SuMe clezEny

acunrcs. such as SC2 are aimast

@otier Sreames, or

“Figure

cor2rsion (120 10 36.1%1 ¢f ina qrganics anc 31 3

MUIn raducad cnemical consumauen (23 g
CSrmzareQ ¢ inat racuirag for vinmate ¢

“Taple27

g e
S T TS T

28

Inversicn

Summary of Jvcrogen perexice reacT:on cara.

% Phenciicc % TOC

¥

Wasrawater® Convertec® Conversicn” -

oCF a3 38 PR
CNCZ - 0.2 D=t
i a4 12, B
1 33 il DR

[

W

LW

7332 0 assantalv camolare rgaciiniot

IIrDCSINGAS 35 fanorac o 1l
ESLIRQ DV FACUSTCA 1N w-S AP C3ICTVA 0D
1ninaars!

TTIacTs C@grae I ahimMale cInhiiien

A Fguducn 2

MNIT sA0t<.saF rasctve

1ZIunTs

7

—

Concentration (mg/1)

3.0

Time (hrs)

Nata: 4,0, i3 IRGHAT 7 4 5{80wese - 25MON.

4.0




CCD-TCC ratio
Tnercleai CO0ane TCC \nevaluanon of in 2 wasiawvalers
3nc Me reaciion of tva@rocgen sercxige ~ds WweigIc:

Texicity of oxiGation byproducsrs
Tea nyerogen ceroxice oxiCalon Sverogug s werae
axammned [0 calarmune iNe Change in ioxisily ik (he

snmary cegracatien of (n@ grgames. & summary of (ne

1. Tre amount of carpen convertad (0 C3; couig 2e SxiCity Cala 1S Gven in Taole 3

reagily determined frcm the 7CC; anc.
2. The ratio of COD 1o TOC gefined an average axication Table 3
state of (e carbon (Ratwas related ¢ e 2 1

crange in ihe structure of tne orgamc 2zmosuncs Toxicity resuits jor various wastawaters.

aftar axidation with nyercgen deroxics. Wasrawarar Reacsion Aint 250000
- ¢ .: A R
The CO0SCC ratc was converiad 10 thg mear cxigauon cC 3 =3
stata ‘or 2acnh af *he wastswatars using Zguancn 1CT - Tl
Jne TOC on a melar 238iS). The rasuitd 3re somcancn — ‘ %33
- - LJNL’H - 356
Figure 3. ~ oo
The 2a3(a SPew conciusively that aif of the nvarogen ' A < ag
Sercxice was N0l uS8< fOr Limate Sonvarsicn 2f 3 29
orgamic £areon, Bul ratner e Sriginal ISmecuncs vers C 31 -
arasicaliv alterad, '@aving SYIrCCUCIS i wrICh N2 i A C
fmean gx1dancn 5122 27 the Sardon wers Tiers mgniv o 22

sigac of ".eganve.- \JC xrizies
s

gxigiIag pesiuve n
:na greatast cnange 2 TX s

AMflar S 3PECIEMSLES (21 A 35 acQrac i Tagie
S i ououume g sagse 3 S0 S24U%aSB N agh IrCQUCIT il

10 Mherzioed

-2 ET

i)
1
-

Ny

smargzwas‘cr 2CF L1 CX =

Coo/TOC satic versus mean oxic2Tion stare of c3rocn in svsiem.

2.00

- —eem TRt e -
- i:-..-.u'."; \Jmﬂ—&‘\-.. :

e After Oxxdatton

1.5

1.00

0.50

COD/TOC (Molar Basls)

-3

Mean Cxidation State

1 = 4 Qxidanon state Corresnonas i3 methane, jrrar Scymm ang Yorgan.

Nore: A » 4 oxidation SLATE CIITAIDONAS (0 INCIGAMC ZIFDON {CD ang

-
-
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The rasuils claarly snaw that (he (oxiciiv 'vas
sucsiantany regucad v canversion af tNe org:nal
COrmoouncs 0 less OXIC Dverogue:s (st 2 i 2, an
acsactacle gegracation. !t snould ge ngtag "n3ine
intarmegiaie gyproducts (pt 3) wara nct sigriicanty
lass :cxic, and may have Ceen more Qx:¢, (Nan ne
ariginal organics. In adaiton, enly a fracien cf ne
orgamcs were ulmaraiy convertad 1o C3raon icxide
{gae Sacie 2. Therefore, a series of naraliet reacions
accears 1o 0csur in which 3 variety of Dverscucts agpear
sacuenuaily. Tis s ilustratad schematicallv n Figure 4.

E-aiuartion of biocegradability

Tea micgdagracaniity of (e wasiawatars was 3vaiugies
uSing the unacgimated munici0al siucge 3nc -
stzncargizec lacoratory slucge (nat'was acs: ...}atec: 10
DC2 The resuits of thesa awvalualicns are ~20criacn

- ~~—

aoie 4, naseaon iCCanc ICL.

Tha 2at2 snown in Tacte <L 3re encs uracmﬂ. Te resiits

:ezriv incicate, on Both 3 “CCanc 2 22s:i8. nat e

c:ogreal uciaxe rat@ of ZCP can ze :mcrcvec o

o st #4,0s. THIS 'vas seen ‘gr Tha C388 07

LO3CINMAIST MUNICISA 3ILCGe 3ne Tor ne 3CInmEigs
n

geamcdars siesge Nasiewatsr . i

A~
-
-~
-

'..'smg ;ner eneral mMunic 0al siugge 3

sama biocegragagiy Qerare and afiar rescuan, whia
Sasgtewater ! showed 3 marked imaroverrtent n
s:cdegracapiity afiar raacuon for o ne mume:gal
:N1Q {he 3CsiMaiag 1atoratory sluggas. 1.2, ‘Gr Mumc.cal
siugge Wastawatrer l exmoed a 3C.3% ncraasa n TOC
<ctake ang 3 31.7% in¢reasemn Cm. upisxe.

~Cgitonat data regarding the toxicity ang rafrac:ory
~ature of the comMocuncs aiter bioIcQical iraaiment wers
sctlectea by wrning off :ne wasia ‘2ed 10 Ne fag-naren
s23clors and geranung ‘er 48 haurs. Al the arag of is tme,
Ne mixture was 33Mmoiec ‘or rasidual TOC and C20 (these
ISMEoounds were CoSNSiC2req refracIsrvi ang resiqual
SXiCiv. Theresuits Sf s tesiing ar2 reccri2c 0 haoe 3.

The datz ngicate natite hvarogen cercxioa ora-
tr2armentresults i 3 C8sreaseq Ioxiciy ST ine v
z2rfluent 3iter 21IQICGICS! TaatMmant &S '::.’.'*: aa )
2 slancars
acOrarcry stucge, WWasiawater | sncwea & Mucn mercved
SXICHY COrMGarac 10 N2 3w wasiawaler Julinswal 3
signocersnoraticn N tneresidual reITgCiiTy I ICUNCE,
vne Nagewaler | 3Rowes aquivaisnt |
TR 20 2N o roNemenT T NS fesitL

IImecurcs.

Srznosac oxicaticn 2athwavs Gr
reacien or Aydrogen s 2roxice anc organics.

Primary

Deg rcdmzcn

Qriginal Qrganics

+ H,02

Ultimate
Decrczdatlcr

Primary P2 Acceptable f

Degradation

Degradation

Note: 3, = DyDroducTs that are aventually degraged to C3,, P, = Iv0roducts (hat are eventually Jegriasd (o /a3s :Gxic Ivorogue=E A
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Table 4

diccegracaoiiity comparisans of wastewatars oefore and 3rsar regction with Rycrogen zeroxics.

. aﬂll’ qf!!ll’
—— -, 1

Reaccion {mg TCCg VS5-Ar) fmg CO0/g VS5-hr)
Wastawarar? Point Municizal Acclirara Municipal Aczlimarag
ez A o] 124 C 447

3 0.38 1.8 2 .22

C 347 HE 7.23 3.CC
: A 3.3¢ <37 103 z.°¢C

3 2,10 .37 1178 tt .38

c ERRES 37 10.2C 2T
i A 417 T34 3.2C 322

c 3.28 T30 225 2.2z

3 ML CIMBSSIUONS 35 FaCCres N 138 |

woirgm@s-Caian r33cisr Tala

The rasicual organics and [CxiCiTy af wastewarars snc /82¢non 1-5Cucts siter 48 Acurs 37 JI010gIC3 ST

Reaczion d48-Hour Toxicity, SC501%) Rafracrory Comecunas (95,7
Wasrewarzr Boint Municipal Acciimatac Municizal Acslimarad
zc? A J.E8 > L0225 iCC Iz

g 432 >TC0 1220 38.3 38.3 .

c i4.iC > CQ 2 37.8ia3. 1) 33.74(37. 4
CNQC A 13.83 | 13.22 1C0 56

8 >100(22.5) >1C00127.7) 21.8{15.8) 41.34(30.2}
{ A 385.0 143 i 18.¢

8 >100(38.8)° 732 ze.2 333

C ' > 100 (3012 > 100 (3G 20.2(26.3i° 28.7128 . 1°
I T A >100(21.4) >1001(20.33 76.2 7.7

o} >100(30.4} >100124.3)° 49,7 (38.8)¢ 76.4(58.4)¢

23 vakyeS it QITATINEIES Are 1O UNGIVIRG SEMTIEd WNICT were NOL 1DNIG 8nougn 14 groducs #0 ECSD0, ihe values represent the eitect at 1C0% concantraton

5: based on TQOC )

 VEILES M SArCTINeses dre AG)SIEA 1@ 2CCou 1ar TOC [0 By uitumate canversion (0 C3, Suring cuaanon, 12% for wasiewaref | ana 22.2% tor
wastewaer

1
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Conclusions

. T vdregen Jercxice oxidation 3§ 2valuarec as

N, 2 pretreaiment process for tOXic, inniditery or
reiraciory Organics. 3asad on the Microrex? iechnmigue,
CC2 ONOC ana twa indusinal wasiawalers were snown
to hava significant imarovements in ioxicity after
oxigatian with nvdragen peroxige. In addiuon, the zio-
degradapiiity of the wasiewaters and theresicual (CxICity
after hiclogicsl reatment were generallv imprevec

sitar cxidauon witn nyarogen peroxice as vetl. Viost
significantty, ne final axidation Dvorecucts were J10¢e-
sracatledy an unaczoimated municipal acuvatad siuce

3]

g ydrogen SeraxiCe sretrgatment 3rocess. coLpis
~itT CIOiCQICl Treatment, resuitec in a sucsiantiai saving
inne raquirec oxigant 2¢SeCe versus Liimars cnemics!
sxication, L2, 26 to 38% of the siumate r2cuirament.
This proc=ss ~as a variety of acglicauens ioringusines
:mat generata cuanuties of NON-5I0CeMmEantie Crganics.
Trhe nvCrcgan cercxice restment Mav Se st 33
arafrezument ~par 10 cischarge nto 3 mumcicat sawer
aratraatmens 3riCr 10 on-3ite JICICGIC3 '.’EEZ:‘?"ﬁR:, ar
~Qsiraztmart g racuca ne oxicity an ahicant nal
ainarwisa meals Ne Cisgharge sancarce.

—lf)
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3STRACT

Tze on site and in situ gemeracen Of sTTag oxidants (s 2 potental mechanis: Tr Tzaizng
redmciory OrgTuc conmainants in "-1_... e Zethed o ‘nroducng oxidasts o swolis i Re
catzivesd ac"-'r:mos._cn of nyc:'-g:: SesTxds by ion ) e for= nvcmx'u szl wiish L
c::::_...omy own as Fezion’s seageat I-vcrcx'n =cical azs gver T¥ics Ze o:c."""cr
gotentiai of chiorize and 5 25% 5 s=oages than ozene. - =acts with orgunic :smpounds =
agueous soiutons witd mie constanrs of 107 w0 | om Mot sect, Sydroxyl racicai is erefors
a sTong, nonspecifc oxidant cnpabie of widsspread degTzction of organic seTounds,

Panmchicrornencl (PC2) was used 1s 3 —odsat conmumizan: in the Fenron's Teugent Teosmens
of soils of va:'ri.ng cormplexity. Minemiizmzden of PC3 iz 2 simpie two-onase sysem (silicz
sanc-Featon’s IS2ger) was demonsmzred by de removel of the parcnt comreend (‘PC."‘ anc
the ol orzanic carbon associared with the C2. In addidon. stoicaicmenis quantizas of
chioride wers recoversd at the enc of =2 sxperiment “which aiso suprors —iaemiiza=cn.
:--""on 's reageat, wiea used to xear 2C2 in zamrad seils and silica sand. was zost efacTrve
at piZ 2-i0-2. In soils of varisd orgamic carbor coniezt, 2o oo amrneadiment Jovided &
most efficient reaczicn (Le., the greatest sado of the con@minant dcg::m:cn rae o e
peroxide consumpdon rage). Tac eEciesnt wecions cc:::-:ng it 0o iroq adéizon in zanmai
soiis mmay have be=n due 10 the dissciution of ron minermis whick promote caiyzed pesTxics
decomposidon or Fantor-liks het=rogenecus caalysis ocsw=ing oa the szacss of iron
axirerals.

INTRODUCTION

The unconcuiled disposal of harardous wastes pricr o prommigadon of the Resourcs
Conservation and Recovery Ac:hzs-csulzed..nthccanmmnonortbousamso:m:nmc
United Saazes (1]. 1o additon, over 18,000 accidental 22zardous maresials spills ocswr eac
year in the US. wansportation indusTy {2].

A larze number of :hcsc sites which have resnlred from unconmoiled and acaa’.cntz..
hazrdous waste reisases are characiarized By contaeminared surface soils. Excavaden anc
landfill disvosal, incineradon. and bicrsmedizdon have tesn used o clear w3 conmprinarec
scz;s: hQwaver, aCT 2na TTOCISS WOTKS Jn.vc:'sa.fv Toroail sx:cs and a.xl conmminants. Fer

" DRI e e :::ZCZ‘IC ng SC—S uﬂﬂ!’..._..."‘""""“l&—



with hazardous compounds (3]. Fowever, some wasic componeats ars toxic w©
microorgansms and many are siowly biodegraded; haif-lifes of up to sever:i moaths o
sorze csmpounds ars not uncommon during bioremediacdon efors (4], Thersfors. new
precssses a-.'[-gl nesded to cleen up the Tange of contaminaxcs commaonly fouad it Razardous
wase sites (5].

The cr site inzoducdcn of szong oxidants inro conmmizaced soils may provics a means of
desTeying bicrefracTory cInmuminants over tme periccs less than required Sor biologis=i
geamzmeat. A decummented procses for generatng swocg oxidants in aguesus sciudons s
Fentorn's reagent. which is tie reaczon of Rydrogen sercxide and iren (I w0 generazs
hydrexyl radical (Ok-} {o]:

Eale = Falr —> OE» + QE- + Fui- : o

Eydrexyl radical is second only o flucrine in oxidzZon potencal and is capapie of

nonspesific oxidacons bewuse it reacis with crganic cowpounds widy Simmsiesuiar mate
constants of 107 w0 1010 L/mcie-sec (71, Fenton's r=agen: also inveives aumersus

LT T

compeszng reaccns {§, 8. %1

Bl = Fudteme> Fatr n BT w BC . . )
R:E « OB —>T0 +R- %))
Fai* + QEs ——> Fei~ = QK- ‘2
R+ + Fad+—> Fe=* = sroducs ‘5
Re + OE- —>RCE ‘&
R+ + ExOh——> ROE - CQR- "
Elr « Fedr —> 07 = Fa=r + 5+ (@
QE- + Exl1—> EC==EO &)

whers REE represears an oxidizaple subswate, R+ is an aikyi radical and O+ s superoxide
radical. The mate constant for Equacdon 1 is 76 L/moie-sec. Rare constants for Equadons 3,
5,6, and 7 are subsTate specific (3], The rate constant Jor Equartion 4 is 3 x 103 Limolersec
[6}; the rate constant for Equation 8 is pE dependent and ranges fom 2 x 0% 1 x 109
L/moie-sec {9, 10]. : *

The fundamental aspecs of Fenron's chemisTy have Seen well doczmmented. For exampie.
Wailing and Johnson (11) investigated the condifons that faver hydrogea abswacticn vs.

~ hydroxyl radical addidon to subsamted beazezes. Ingies (9] provided siziiar informmation

with low molecalar weight aliphardc alcohols.

Fenton's reagent has recendy been appiied m the rean=enr of organic conmminants. Batbeni
ez al. (12] investigared the Fenton's oxidadon of di- and wi-chiorophexois in aqueous
solution. A mass balance in their sys:em involving the measorement of residual
chicrophenol, chicride, and towl organic carbon stowed that the chigrophenols wers
mincralized by the teanrant Fenton's reagent also suecsssinily oxidized 1 formaldefydes
waste sTeam under benck-scale condidons {13]. The procsss has also besz ased o T

© e o= ssaeniviee codiurn dndecyibenzenesuifonacs [14], p-oluencsuifonic acid and p-
e : Lot o e me S ae s evetmmancaily invesSgared
the F=naton's reagent T20II e el s , - . . ~prehansive effort
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study the Featon's reageat gsagment of scils, the gustose of our ressarch has besn 0
detesmine the opdrmum conditons for Faaten's SOl —eacmeat Most Saxtoa’s reages
ressarch has used EzOrcoucesamadons fom 0.05% o 1.0% (9], However g::s:
invesdgacon used Ez(Cy coocsatagons in exssss of wiar would Te requirad to

swoicriomemicaily oxidize the subsTars in ordsr 10 FTOCCLe =in calizacon

METHODS AND MATERIALS
MCDEL CONTAMINANT

Penccchicrerhenol, 3 widsiy-used wood precervatve. 'was used as 1 odsi commamizant
Parmchiorophencl is :_qd::zn:iy picrafmciery. Mater 2t i, {17] reports€ 2 StedsgraczZen
—re consane of 3 x 10715 Lesil-acur, log Xow of 3.01, and vapor prassuss of Lizl0= ==
Bz 1 20°C. T

SCLES

Commerciaily-avaiiadie silica sand (40-1C0 mesh) z=d one narerai soil wers wsed. T3
nareral soil was a2 Zayist-srown. graveily-loamy coasse sanc. Tixed, mecic, Cmothents
hapicxersil Tha soil. which was samgied Tor inm ailuvial faz in the Zarsca Vailev,
Newada, is one of low deveicpmens ersftts, sucssLsive acmizons proviced @ gadien: a2
scil orgapic carSom conteats, out wers reiagveiy ziform in parzcie sizs diszituccn.
imeralogy, CACOLE eXchangs capacity, and oE. Pardcie sizs amiysis was davmrmined Sy ks
pigene metod (18], Crgamic czxton was dater—ines sv combuston ar $0C°C wik eveived
CO= Tapred in XCE ad measursd by tack dtrafes of unrsactsd XOKE (18] Amerpacus
ané crvstiline oo and Zanganese oxynydroxides wers deterined by iaie-SicaTbenats -
dithiopite exzacson {20]. Cadon exciangs cacacicy was esmblished by sammadon Wiz
socinm 1cere ac o 8.2 (21]. The soil charicoerisuos ars shown in Tabie L.

PROCZDURES

The soils were spiked with 250 =g/Kg peamchicrors =0l by adding a 2CZ-iczicne soiuncs
(o che soil: the acstone was alowed 0 evarorie. Sxperiments were concucted in batc.
complerely mixed syswezs. To 2.5 g of PC<enurminated soiiin a 40 =L >crosificars giass
vial, 12.5 mi of 7% HyOy were added followed by 1 mL of 2 FeSO4 seincoa or deionizsd
water to provide a final ammendiment of 0, 240 mgrL, (0.024%), ar 400 agL (0.040%) ca
in the agueous phase. -

Separare experimicztal unirs conduczed in duplicars vials wers used © moniter TeamTest
Ffacveness at 2 migimum of 5 dme pericds over 24 hours, At tae drze designated, az
aliquot of the soil-water was coileswed for hydrogen sexoxide analysis. Tae reacon was @ea

stopped by the additon of eigt drops of concentrarad sulfuric acid w the vials, The abilicy
of concsamated E2504to quezc: PC? oxidacon was documented by moeitoring
pemc'nlcmohenoldzgndadonin acidified sampies over 8 hours. No PC? degradadon was
observed. The soil slurses wers shak=-exmacred with 3 mL of edyl acemee for 30 minues

Soluble iron was measured in parailel samples by Slrexing the soil simry hrough 2 GIC
Aiter. Toml organic carbon and chloride were alsc measured on expesiments conduczed 1
carailel. Towml orgznic carbon was determined bv sonductng the reactiens in seaied TCC

aropuies. At selesisd amz. - g mamend on 01700 TCC apzir—=r,
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TASLEL SOML CEARACIERISTICS

Crzznic czroan 02 0.5 1.0 L
cortant (%o)

& sand 85.3 86.3 86.3 6.1
ay sit 12.3 1.0 0.8 10.3
& clay 2.4 23 2.3 3.2
Corsualline Q.& .42 3.43 0.43
F= oxides (%)

f
E‘
1)
O
(]
et
(]
(o]
h—
£
[ &)
]
(@]
(W]
[]

A=crpoous Q.01 0.01 0.01 0.C1
Mz oxides (%)
Casorn exchange 404 423 ' 138 450
cezacisy coifkg
o= 6.6 6.4 6.5 6.5
ANALYSES

Eycrogen peroxide copcsamarons wess determined by iodomesdc tirradon with sediu=2
thicsuifare, Residnal pesmchioropheaci was followed by gas chromamograpay aft=s syl
acemre exwacion frowm the soil. A%M-MSS%A@WMaﬂmp
:omi=arion detector and 2 0.53 mm (D) X 15m Supeico SPB-$ capiilary columm was usc.
zm@mmmmwmmmmwcm
picogen carrier gas fow rue 20 mi/min. Solubie iron was analyzed using flams
m-ﬁﬁobgyma?:ﬁnﬂmcmmzmﬂcmnmm_wm
deremined using a Fisher chloride eleczode paired wim 2 double juncdon refer=acs
eiscTude.

LAl
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RESULTS AND DISCUSSION
TREATMENT KINETICS AND STOICECOMETRY

Hydzogea peroxide consumpdon and fexrachioropirie=ol degradaden d.urln:r, 1 rypical
Teament sxperiment (250 =g/K3 pezracticrophenci, 7% Qydoges peroxids, and o 3 as 2
funczon of dme are sitown in Fignrs {. The dam of Figurs | show that pertacaioroghenol
and hydrogen peroxide first decemposad ~ipidly, witk 1 slower decomposidon mate 28er 3
hours of reacton. The exgected rate in 3 Fearon's sysiam is z2ro order bemause aycsoxyi
radicai generadon shouid approach sweedy s (Equatics 1) with pentachiorophenol presant
in high concanmzdons: dowever, 2il decomposiden sites, regardless of the hydscgen
sercxide and iron ammencoments, wers 1ot Unear. Tis salubie iron concenmadons as a
funczon of ame are aiso sigwn it Figwe L. Calv 239 of iron added o the sysem couid be
recoversd ‘n soiudon at Sz=@ zero. [n acdizicn. die sciu?zis ron concsamaton decreased sver
the Srst dire= nours of Teacment iné e concsamacon re—ained mmiatvely consunt tharmear,
A possibie mechaniss for Ton gracigimcen Tay be: ‘

T2l* & 120~ = 2CH-

> +7elCH - 2.0 ()
whick has 2 reaccon hall-iife of 25 minulzs atneurni 23 (221 The concsnmeten of T~
e Fanton's sySiem at O 3 is four orderz of agniveds l=ss ian in 4 systez i deutrai i

b

[ i)

haif-iifs adjusted for tie differsnce io CE- concsnTzzZon may exglain Lo 3 howr d=

requirerrent 1o reack the guasi-—sguiiitriv soiutie T soncenTztion of § mgrl.

The impormnce of soiubie ron in camiy=ng Fearon s ssaccons has beex weil docummanted
[(6]. Because the concsnTzCon of pexmiclictopienci, feroxide, and solubie iron changed
over dme in the silica saxd sysiems, mrs quancudcs was diffcuic A mover oumrer

srarsoniy used in caralysis could not e used beszuse dic sviuble caralyst concsmmmticn
decreased over the cowrze of the reacZon. Taersizrs, penncticroohenci and hydoogzzn
peroxide conceawadons as a funcson of dme were Iz 10 zero, Smst. and secsud-order =odel
(Z3]. The first-order wode: grovided the best At of <2e daw with R2 > 0.9¢ for piots of &=
aaturl logaritim of concsnzzcon as a funcTon of Zms. Fust-order Srof experimennai dara i<
1 common pracucs for quantfying corsriex environ=sntal procasses, SUCR as diochsmictl
oxygena demand [24]. The reacZons ocsunming in the Fenton’s system are cowplex: however,
the empirical fit of experimezmal dam 0 the frstcrder medel provided the most acsurare
weans of comparing different meacment condicons. .

The concencadons of peawchlorephenol, total orgazic carben. and chloride over the course
of the reacdon followed in Figure | are shown in Figurs 2. These dam show tiat greater @ian
99 9% of the originai peamcaiorcpnenol was degracsd in 24 hours and that the rexoval of
total organic carbon closely foilowed peatachlorcrihenol degradagon. Taese results ars
similar to those obrained by Barbeni et al. [12] wio demonsTared the mineralizagon of -
and wi-chlorophenols in aqueous sysiems. The shenomenon that organic carbon was
removed rapidly after peamichiorophezol degradation. suggests thar hydroxyi radical amack on
the producs is more rapid than on the parsar compeund. High rates of product degradadon
may be cxplained by the lower oxidadon state of the ring-as it is hydroxylared and @<
increased water solupility of the products. Subsware water soiubility has beea implicated in
Fenron's reagens reannent reacdviry [25]. The high oxidaton state of halogenawed orgamcs
also significandy affects reacgdviry with oxidizing species [26].
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Figure 2. Conc::m':::icns of penuchlgrcggenol. ol orzamic carbon, and chiorde duricg
Fenton's Teanmens of 250 ng/Kz B2 in silica sand



EsT=CT OF TREATMENT pi2

First-orcer mite coasans Zor PC? dezradaden and HzOz ¢scomposidon as  funcon of =2
tn silicz sand are shown i3 Figure 3 for axpesiments conducied with 0.040% iron addider.
Treamment of peamcalorogaeol in silica sand with no ircn addidon stowed a0 degradaden
over 24 hours. Witk iron addidor, BCR degradadon rate CIrSWnS ines=ased sigrificandy ac
low pi- Pantachioropnezol degradadon was evident above pE 6 but at lower ;aws. 1=s
higher 2C degradaden 7RI CoOswAACs A low i are protatiy reiated 0 @e reguiremmens oL
soiuoic iron in die SYSS= (6). In addicon, te PE regime 23y eciancs the cyciing of oa
() as desczibed DY Egquacons. 2. §, and 8. Wiile nydroxvi radical geseragon is ezhances
low pE. oxyges asoiugan is the predominant route af ==(Q1 decomposicon it aeamai 272

f-u-i

L |

{ -

O >12C2 -0 (.1

e crimpary cast Of TeRIcAs IEagent Tearmen: is aydrogen peroxics 1t Si.7Z/gdlen fer a
0% acueous solugen. Taessfore, die optmuz Teammen: sondidons will be charagerized BV
1 aign Tate of cont=nant degradagon Wit inireal w2ez of E;0- consusmpeez. The darz
of Tigurs 3 show that &e nighest PCP degadadon mats oastans and the lowest perox.2s
i ecompositon T2C CONSIANE WETS 2 siE2anc s, Sicmilas —esuics wers oowined [or IEactons
canducrad in aanzal scils. [n sems cases SC3 degradacon fate conswnts a 32 4, 5,222 3
were nigher o TIlE SONSTNS oE 2 and 2. Eowever. the ccz:j:s;c:_:ding mis consianis
for 2701 d.ccau:ppsi:.on igcreassd atcove ":E ER ‘w':::c;-. resuited in lower T=amment

er=ciencies. Thersicrs. e opdmmum DE regume Ior 1i! o7 the scll syswezs iprecdzated ‘Was

i e mange Of 9= =-i0-2.

|

San:zchiercochenct
C.0& -~ 2 ——  Hycrogen Serexice

)

\

Q.02 - T . : :

k (min

Q.01 =

Q.00

pH

Figure 3. Effest of o on the first-order e constants for PCP degradacon and 3202
- conswrmgton. '
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ETFECT OF SOIL ORCANIC CARBCON

Zirst orcer mate consmas for PO degradadion as 2 funcdos of soil crzanic carbon are showa
in Figuse 4 for expesimezss conductsd wita 0, 0.024%, 12d 0.040% iron ammendmen:s

Treamment of soils with 02% and 0.5% organic carbon and iron addidon resulted i
underecable pcn:zchlomghmi concanrmcns after 3 days. A faczorial design analysis of
variancs (ANQVA) was ased o evaluare cquivaleacs of mos consmat populagen means Jer
the soils with tie four soil argamic crbon couwan whez Ton was added. Peatachiorophenci
degracadion rafs CORSTUS Wes sgniScantly greater (e < 0.05) in the soils wid orgazic
carbon < 1.0%. Degrzdadon re consans for pentachicropheacl degradacicn wers zot
significandy differsat (@ < 0.05) whez e scil organic Sricn cInleRs Wers 2 1.0%. Thess
daca suggest that soil organic carton competsd ith BCP “er hydroxyi radical g=nerated Sy
caniy=sd peTsxics decorposiden. )

Tigre 5 shows & E,O4 dsccropesition e Conswns 2s 2 func=cn of soil cr3znic carsen
centene for e syswems Wit 0, 0.024% azd 0.040% ircn addidons. Stadsccal anaivsis
(ANOV A) showed © hydegen peroxide CecCmPOSITOn fLes WS STeale in systes Wi
tne acgidon 0.040% iron (an in SySiems with 0.024% i=on. Peroxide decorspositon maiss
wers aiso grsarer in SYSIETS @itk iren addidon than svstsms witout iron xididon {c £
0.05). [n acddidon, &0 significane differencs (@ < 3.05) was founcd berwesn FE1T2

decompesicon TS IS 3 Ameder of soil organic carton when no ITQ Was addsd

The opdmmumm Teamzent efSciezcy in 2 Feoton’s SYSitZ is charmcrerized Ty maxizmuz
contaminant degradacon and mipimmuI PEI0XICS COn wmpdon. A mato of sontarminant
2l

degradadon Taic CONSWOS (epe2) 10 EzCr decomposicon mues Sonsant (kzz2C) is dhemmiors
ap expirical measure of the selagve == ciency of Featon's TS2geaL TIRENSRL 1=

Q.00%
—— Targ cen Adcition
0.004 = - — (0.024%% lron Adciticn
—— (.045% lren Accition
‘T 0.003 -
[—
E +
— 0.0C2 -
” .
0.001 -
A —3
Q.000 v T —————
0 1 2

Sail Organic Carten (%) |

el

Figure 4. Tust-Order TaLe CONSTRES for BC2 deqradaticn 2s 1 funcdon of soii crganic caroon.
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0.0008 - = (0.CZ+% lron Acciticn
L T = 0.04C% lron Adcition
N 0.00C6 -
i
g
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acos wers graater in the systems ar &4 20t teesive e on ammendmen: Tadie TN Iz

addidon. e $pCo Km0, fatos wers Righar in the soils with ioweT argamic Jiriea conisns

for the Tmars=ent of penmcaicropnenol. Tae dar of Tabie I show thar Fezton's Teatsmen:

eZciencics were not only seasitve © the soil orgamic carbon conenr, bus ziso 0 tBs oo

a.':::."..enc...c":. Thersfore, the =ost o=t Scient and econcmical Fenmon's reagrar TUagment &F
C2 ocoaesd withcur te addizon of iTn ar low soil crzanic serbon conrexnts.

Tae resuits of dhis research show thar 1 ngs of ticredacory contartinants 0 be Teared

‘soils ar pE 3 in the presezcs of EzO without iron addidon. The highest degradadon mates

for PC2 occured with the addition of iron; however, :iie hydroges peroxics decompositen

rates were 2lso higher, which resuited in low oeammen sat ciSciencies. The Trocsss Was moOsT

e==cient wilen no Ton was added w thewmfnra..lsozlorgmcmonccmcvauuec.
Tae PCP degradation efficieacies in namral soils (1.2. opamum Foacseat condifons
requiring Ao iron amendment) suggest har Tyswilize and armorpaous iren oxides may Se
premoedng calyzed peroxide decompesidon.

Table . ESTIMATION OF FENTON'S TREATMENT E5riCIENCY

Iron . , Crzanic Casson

Addicon . 02% - 035% L0% L7%
koo / $z2.0,

0.040% 62 22 030 047

0.024% 13 135 39 1.0

0.00% 40 13 10 5.4

igure 5. Fizt-order me consizats for ydrogez serexide consummstion as lmelon ol sel
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Figure 7
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In sursmmary, the opdimum regime for Feawen's Teammen: of contuminated soils was pis 2w~
3. In succsssive horizons of the natural soil invesdgated, die effects of Fenton's gearsent
was seasidve got oaly t© organic carbon. but aiso ron addidon. The opdmum eamzear
eificisncy was dermonstrared with no iron addidon. The zbility of iron minerals o carziyzs

enton-liks reacdons provided efficisnr Teaonest with maximure PCP degradadon and
minimmal hydroge=a peroxide consurmpecn.

Beczuse of the commpiexity of Fenton's meacment sysiems, besci-scaie Teambility smdies will
probaciy be necassary M assess the efScacy of Featon's teagenr geamment an 2 sits by site
basis using 3 Zarix of DI regimes and ion ammendrosars, Suek benck-scale meambilicy
smudies are commonmiacs in assessing the poteztal for Sieremediation of surfics soiis and
groundwarer (4). Faomer Fenren's mescarel #ill grovide sredicsive oeamiiiiny models based
on chemical sTucmurs-csaczviry, carelysis Iy iron mizerais, and the eff=ct of seil orzznic
carton.
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INTRORUCTION

The GEQ-CLEANSE process has the capability of rapidly remediating soil
and groundwater contaminated with organic compounds including; fuel oils,
gasoline, solvents, halogenated coempounds, PC8s, and other organic based
contaminants. Specially designed equipment and injectors diffuse and
disperse a powerful soiution of oxidizers, catalysts and other non-
hazardous and environmentally safe amendments to the subsurface
environment. The system has the effect of increasing the permeability of
the subsurface soils and chemically destroying the organic compounds in
the treatment region. The purpose of the GEQ-CLEANSE process is to
rapidly reduce or eliminate organic contamination in soil and groundwater
without expensive remediation systems and the associated lengthy
permitting. In addition, the process can be utilized to enhance pump rates
from pump and treat recovery wells and deliver reactants to the
subsurface for the freatment of other contaminants {(i.e., heavy metal
compounds). The GEO-CLEANSE process aiso requires only minimal
disruption of the site and business operations during the short remediation
process. GEO-CLEANSE is currently awaiting U.S. Patent Protection.

The compounds successfully remediated by the GC process include:

+ (Gasoline contaminants

+ Heating Oil and Diesel Fuel

+ Plasticizers (i.e., Di-butylphthaiate)

+ Chlorinated compounds (i.e., degreasers and dry c¢leaning sclvents)

COMPANY BACKGRQUND AND PHILOSOPHY

Hudson Environmental Services, Inc. (Hudson) is a full service
environmentai consulting, design, and remediation firm. Since its founding
in 1987, Hudson's growth and reputation have been built by offering our
clientele innovative approaches to their environmental probiems along
with consistent quality service. Qur clients inciude various chemical,
paint and varnish manufacturers, oil refineries, military instaliations,
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schooi districts and municipalities, banking institutions, and other large
and small companies.

Through our experience and diversified backgrounds, Hudson personnel have
provided our clients with new and innovative approaches to their
respective problems with the goal of reducing program costs and time to
completion.  This experience has ranged from environmental site
assessments and audits, tank closurg and bid programs, in-situ
remadiation programs, and groundwater cleanup projects.

Hudson offers a wide range of environmental services designed
specifically to address the needs of each of our clients. OQur goal is to
ensure compliance with the reguiatory policies while minimizing the costs
and time required to complete the programs. This approach benefits both
Hudson and the client by completing the programs efficiently, thus
increasing Hudson's growth and quality reputation.

DESCRIPTION OF PROCESS

The process injects and disperses specific non-hazardous chemical
compounds and amendments to the subsurface environment for the
purposes of increasing the permeability of the soil and destroying organic
compounds which may pose an adverse impact {0 human health and the
environment. The reagents employed in the process wiil degrade rapidly to.
water and oxygan upon completion of the treatment process, and thus, the
materials - injected pose no hazard to the environment or potable well
systems. The process relates to the specific chemistry, procedures, and
equipment necessary to disperse, diffuse, and oxidize the organic
contaminants for the purpose of reducing the toxicity of the contaminant,

reducing the concentration of the contaminant, or compietely eliminating
the contaminant from the subsurface soii and groundwater.

Historically, industrialized society has stored, discharged and disposed of
various hazardous substances and waste products to the soil and ground
water over the years as a normal and acceptable form of disposal. In many
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cases, these discharges have occurred without any indication aor knowledge
of the facility owner or operator. These discharges from tanks, lagoons,
drum storage areas, and other areas may have been discharging over many
years. The end result is severe damage to the local environment which has
forced companies and individuals to expend a great deal of time and
financigl rasources to clean up the problem.

These discharged compounds have contaminated drinking water supplies,
contaminated the soil and reduced the ability of these mediums to support
life. The compounds are typically discharged to the environment by
failures in the structural integrity of underground storage tanks and piping
systems. In addition, discharges resulting from past practices of
purposefully discharging hazardous compounds in open pits, on surface
soils, landfils and injection wells have had an extensive and long term
adverse effact on the environment.

These compounds are comprised of aromatic and aliphatic organic
compounds refined from petroleum hydrocarbons which include halogenated
organic compounds and solvents which are also carcinogenic and have the
ability to migrate to great depths in groundwater, and are thersfore,
difficult to remediate by conventional methodologies.

Typical remedial techniques to remove soil contamination from the
environment includes excavation of the contaminant and either depaositing
these materials in a landfill as a temporary storage of the waste, or to
transport the contaminated soil to an incinerator which further degrades
the quality of the air and risks exposure of these contaminants to human
health and the environment. Landfilling also increases owner liability,
should the landfill require remediation or go Superfund. The truck and haul
approach to soil remediation is expensive and the least preferred method
of the regulatory agencies.

Groundwater remediation prdgrams consist mainly of “pump and treat®
procedures, which are typically expensive and can require years, decades

or may never return the groundwater t0 an acceptabie condition to serve as
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‘a drinking water source. Thesa programs and the associated technology

arg inherently inefficient and more advanced methodologies are required to
reduce costs and address an increasing problem throughout the country.

Recent technological advances to clean up organic contamination have

included various in-situ technoiogies which treat the contaminant in its
existing location, and thus, reduce overall program costs, operation
disturbances to the site, and procgram time irames. The major in-situ
opticns available include fixation, bicremediation, and air sparging. These
programs are also limited in that they typicaily require lengthy periods of
time to complete the remediation and may c¢reate more hazardous
compounds during the conversion process or result in restrictive use of the
property.

Hudson's GEQ-CLEANSE technology utilizes strong oxidizing agents and
other amendments which convert various arganic contaminants into
harmless, naturally occurring compounds which present no harm to the
environment. This process has been proven effective in remediation of
“tight" soils (i.e., siits and clays) contaminated with organic contaminants.

It is important to realize that strong oxidizing ¢ompounds in the presencs
of organic materials can and will form explosive reactions. The GEO-
CLEANSE system controls the rate of reaction, and thereby, sliminates
explosive reactions while rapidly destroying the organic contaminants.’
This program has been fully reviewed by the NJDEPE, has been determined
safe and received NJDEPE Approval for use on contaminated sites. As
part of our service, Hudson will obtain all the necessary governmental
permits prior to initiation of any on-site remedial activities. Upon
completion of the remediation process, the hydrocarbons are converted to
carbon dioxide and water. Any remaining reagents from the injection
program are either converted to water and oxygen or are utilized by the
soil and groundwater microorganisms as a nutrient source.

Remediation of soil contaminated with discharges of organic contaminants
is accomplished by injecting a mixture of strong oxidizers, trace metailic
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salts, stabilizers, and surfactants in an aqueous based solution. Prior to
injaction the hydrogeologipal parameters of the soils and g¢groundwater are
defined and a bench test program is conducted to determine the quantity
and formulation of the injection mix. In addition, the horizontal and
vertical extent of the contaminants with their respective characteristics
and concentration gradients are defined and determined. This is neéessary
to determine the quantities of reagents for injection and the proper
spacing of the injectors to permit remediaticn over the entire affected
area. Once the contaminant region has been defined, reagent volumes and
concentrations can be determined and the remediation system can be
fabricated and installed on the subject site. The GEO-CLEANSE system is
then mobilized to the site and the injection program is initiated. The
injection program will require several days to several weeks to complete,
depending upon the sxtent of contamination. Upoan completion of the
injection program, the installations and egquipment will be removed from
site and the remediation program will be terminated. Following the
injection program, post remedial sampling and analysis is performed to
document complete removai of the contaminants. As noted in the attached
case studies, one week following the treatment, the organic contaminants
will have been substantially reduced or altogether eliminated by this
process. Depending on the extent of contamination, the entire program
including permitting through cleanup and final evaluation, can be
completed in approximately 4-6 months.
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Case I: In-Situ Oxidation/Remediation of Soil and Groundwater
Contaminant - Di-n-butyl phthalate

Abstract

An industrial establishment located in the industrial section of Newark
had a discharge of contaminants to the soil and groundwater beneath its
facility. The facility's operations consisied of manufacturing and
packaging of various chemical compounds for the elastomer industry. The
facility stored bulk quantities of solvents and various plasticizers which
wera stored in underground storage tanks for use in the operation. The
tanks were located beneath a loading dock area which had a concrete cap
over the top of the tanks with buildings surrounding the loading dock. The
facility decided to close the tanks by abandoning the tanks in-place. Upon
closure, it was discovered that the ODi-n-butyl phthaiate tank had leaked
approximately 2000 pounds of the plasticizer into the soil and
groundwater. The owner was then required o remove the tanks and take
corrective action to remediate the discharge. The discharge contaminated
the soil beneath the loading dock and under the adjacent buildings and was
very difficult to remove without damaging the buildings. The facility
owner was required by the NJDEPE to remove an additional 500 tons of sail
for off-site incineration and to install a groundwater pump and treat
system and conduct quarterly groundwater monitoring until the site was
remediated to state standards. This program was projected to require 2
years to complete at a cost of approximately $260,000.00. The owner
requested an alternative treatment be found for the remediation of the
facility. A chemical oxidation process was recommended, approved by the
NJDEPE, and implemented succ¢essfully to remaediate both the soil and
groundwater.
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Background Of Site HRemediation

The chemical compounds discharged to the subsurface environment are
considered a hazardous waste in accordance with Federal Statutes. The:
contaminant caused 500 tons of sail to be contaminated and there was free
phase contamination and disscived contamination in the groundwater.

The traditionai method of remediating this prcblem is to; break up the
concrete, shore up the surrounding structures, excavate and dispose of the
contaminated soil, backfill the excavation, and install and operate a
groundwater pump and treat system to clean up groundwater. These
programs typicaily require years and hundreds of thousands of dollars to
implement.

Hudson Environmental Services, Inc. proposed GEO-CLEANSE to clean both
the soil and groundwater without the need to significantly disturb the site.
The client agreed to the program and an NJDEPE Approval was secured for
the in-situ chemical oxidation/remediation of the soil and groundwater.

The soil contained approximately 1600 ppm of the contaminant and the
groundwater contained approximately 61,000 ppb of dissolved
contamination in the shallow groundwater (See Attached Site Map). This
contamination was found below both the surrounding buildings and the
foading dock area. Special injectors were designed and installed into the -
soil and groundwatsr and a mixture of proprietary ncn-hazardous
chemicals were injected into the effected areas over a period of one week,
and in the presence of the NJDEPE. The resuits of the injection program,
72 hours after the final injection, revealed the scil and groundwater
contamination to be below NJDEPE Standards, with the exception of one of
flve monitoring wells. That monitoring well was just above current
standards upon compietion of the injection program and has dropped ten
fold from the original contaminant concentration. This well and the
associated groundwater contamination in the region has been further
reduced since the initial evaluation. This was anticipated since there is
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an excess of oxidizers and reagents added to the groundwater to
campletely destroy any remaining organic contaminants in the region. The
NJDEPE is requiring two: sampling events documenting acceptable
groundwater conditions as a condition of no further action on the property.
The attached analytical data, maps and tabies provide before and after
results of the remediation process for the referenced site. A listing of
references from both the clients and Regulatory Agency invelved in this
project can be provided upon reguest.

The GEQ-CLEANSE site remediation program is considered complete and
the total program required approximately 4 months for permitting, design,
treatment and post remedial evaluation. The cost of the program including
all the above activities was approximately $48,000.00.
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TABLE 1

PAE-TREATMENT GROUNDWATER CONTAMINANT CONCENTRATIONS

) FOR
XYZ COMPANY
FELD SAMPLE IDENTWAICATION MW-1 MW-2 MW-5 MW-6 MW-6A FIELD BLANK
AESULTS REPORTED 1N ugd LAB SAMPLE IDENTIFICATION]  AA14014 AAL4015 AA 406 AA14017 AA14018 AA14024
{PARTS PER BA.LIOM) SAMPLE DATE 27123/92 2123193 2123793 27237193 2723183 2123183
DEPTHOF WEL 15' 15 15 35" 50 .
INTERVAL OF SCREEN 5-15* 5-1% 515 30-35° 45-50° -
CIASSN-A | QUANTITATION |
memsrenmrs; : QUALITY CRITERIA LEVEL
!gaseuemnusm i N SR :
DRUTION FACTOR 1 1150045 t 14500 i 1
MDL A - LOWEST 5 5 5 5 5 5
umg-m;lgsr 7 ] B 10 2500 10 2500 1] 10
l,3—Dld1lombamm_g 600 5 ND <5 24 14 ND < 5 __ND < 5 HND < 5
1 4-Dichlorobenzens 75 5 29 [ 4 ) MND <5 N < & ND <5
1,2-Dichlorobenzene 600 5 50 12 3 J ND <5 7 ND <5
{ Naphthalens {PAH} Not Published | Noy Published { ND < 5 54 24 ND <5 7 ND <5
2 Methylnaphihalene Noi Pullished | Mot Puldished [ ND < 5 ND <5 24 ND < 5 ND <5 ND <5
Di-n-Butyl Phihalate 200 . 20 Ho <§ 61000 14 46000 42 HD <5
Bis(2-Edwihaxyl)Phihalate 3 10 ND <5
BASE NEUTRAL TENTATIVELY IDENTIFIED COMPOUNDS e
Hexadacanolc acld, mono{2-eth ND
BN TARGETED TOTAL 79
BN TICs TOTAL e ND
BN + 15 TOTAL i 79

ANALYTICAL METHOD: BASE NEUTRALS - EPA METHOD 625

NOTE: NA - NOT ANALYZED.

NO - INDICATES COMPOUND WAS ANALYZED FOR BUT HOT DETECTED ABOVE METHOD DETEGTION | IMIT (MOL).

J - INDICATES ESTIMATED VALUE USED WHEN A COMPOUND IS DETEGTED AT LESS THAN THE SPECIFIED DETECTION LIMIT;
8 - INDICATES COMPOUND IS ALSO PRESENT IN BLANK.
GROUNDWATER QUALITY CRITERIA AS PERNJAG 70 6.
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TABLE 2

POST REMEDIAL TREATMENT CONCENTRATICNS (SOIL)

FOR

XYZ CCMPANY

SAMPLE LOCATION] __ ‘WRIGHT STREZT YARD |
RESULTS REPCRTED IN mo/kg FIED SAMPLE IDENTIFICATION PR-1 PR-2
(PERTS PEA MILLICN) LAB SAMPLE IDENTIFICATION AA22888 AA22887
SAMPLE DATE| 4/20/94 4/20/54
SAMPLE DEPTH 8" §°
NJOEPE SCL CLEANUP CRITERIA B
RESICENTIAL NON-RESIDENTAL
PARAMETER (UNITS) DIRECT CONTACT | DIRECT CONTACT
BASE NEUTRALS (oerm i
DRUTICN FACTCR
MOL A - LOWEST
MOL B - HIGHEST 1.8
1,4-Dichiorobenzene 570 10000 100 1.3 3.55 J
1,2-Dichliorocenzene 5100 10000 50 2.1 f 1.5
Naphthalene {PAHY 230 4200 100 NO «<1.8 1.1
2-Methyinaphthaiens Nat Published Not Published Not Published | NO < 1.3 0.19 J
Ql+n-8utviphthalate 5700 106900 100 2.5 2.2
Fluoranthens (PAH) 2300 10000 100 ND <1.8 ¢.35 J
Purene (PAH) 1700 10000 I 100 ND <1.3 0.31 4
Sis(2-Ethyihexy Phthaiaie 49 210 | 100 ND <18 | 2.4
BN TICs TOTAL i 358,68 176.388
BN « 15 TOTAL 352.68 187.458
ANALYTICAL METHOD:
BASE NEUTRALS - EPA METHOD 8270,
NOTE
NA - NOT ANALYZED.

NO™ INDICATES COMPOUND WAS ANALYZED FOR BUT NOT DETECTED ABOVE METHOD DETECTION LIMIT (MOL).
J- INDICATES AN ESTIMATED VALUE USED WHEN A COMPOUND IS DETECTED AT LESS THAN THE SPECIFIED MOL.
8- INDICATES COMPCUND 1S ALSC PAESENT IN BLANK.




TABLE 3
POST REMEDIAL TREATMENT
‘GROUHIDWATER CONTAMIHANT COHCENTRATIONS
FOR
XYZ COMPANY
FIELDSAMPLE DENTFICATION)  Mw-2 MW & MW-1 MW-6A MW S FIELD B ANK
RESULTS REPORTED N ugh LAB SAMPLE IDENTIFICATION]  AA22688 AA22689 AA22690 AA22691 AA22692 AAZ2693
(PARTS PER BILLIOH) SAMPLE DATE] 4120194 4120194 4120194 4720794 4720494 4120194
DEPTIHOF WELL 15* as’ 15" 50 15 -
INTERVAL OF SCREEN]  5-15" 30-35' 5-15 45-50" 5-15° .
CLASS HA | QUANNITATION
[rARAMETER LeaTs) QUALITY CRITERW
{BASE NEUTRALS {ppb} : 3B
DLUTION FACTOR | & : 114 10
MDL A - LOWEST 230 2 2 20 2
MOL B - HIGHEST 5 % SRR 1100 10 10 100 110
1,3-Dichiarobanzens 600 s ND « 50 ND <570 4 ND <5 HD <50 | ND <5
1.4-Dichiorobanxens 75 5 HD <50 HD <570 60 NI} < 5 IR < 50 HD <5
1,2-Dichdotobanzens 400 5 MO <50 ND <570 130 24 HO < 50 ND <5
@ (PAH] Mot Published | Noy Putdished | KD < 50 ND <570 HD < 2 ND < & 96 4 HD <5
Di-a-Bulyl Phihalste 200 20 250 45060 T4 s HD < 50 ND « 5
Bis{2-Ethythexyl)Phthalale 3 10 ND <50 HD <570 a4 MD <5 ND < 50 ND < 5

[BASE HEUTRAL TENTATIVEL Y IDENTIFIED COLPOUNDS

Banzana, 1,23 ulmethyl-

2-Auitanol, 2.3-dimethyl-

Banzena, chioo-

| Unknown S T 0 2| |  se ] mw
Cyclohsuanamethancl, .alpha. N ND 18 ti HD H
Banzens, 1-methyl-2-(2-props HD HD 7 D HO) HD)
| Haphihalens, 1,2.3,4-%bahy [ N 13 ND T D
Trlcyclo[3.3.1.13, 7]decan-1 - 1n ND 15 ND [¥?) ND
[ Phosphodc acid, ¥is(2- ethy o T 4 ND T )
Banzens, athyt- D HD n N 830 HD
Benzens, 1,3-dmehy- o ) L) D) 3100 n
Benzana, 1,2-dmathyl- D N 1 1] ND 1100 ND
Benzsne, 1-athyl2-meihp- D HD )] ND 60 Hn
1.3 Cyclopentadiens, 5 {1-me o i o W 50 18
Benzane, 1-athyh3-mati- ) 0 ) ) " 160 0
250 4500 240 40 a8 N
1] ND 16681 ND 5350 73]
310 4500 18921 40 5388 HD

ANALYTICAL METHOD. BASE REUIMS -EPA IEI-II(X)GZS
HOIE. NA - NOT AHAL Y Z2ED

M B AIL S LA AR WAS AL v 200D CA O sl L TG EE ) Al aVE A LKLY LA: TECTIOHLRNT (kN )
4 BASAIESEalBMAIL LI VAL A D VAR NACARUNANE L I GH AT LLSS DIAN Dbk SELOH I LA EC HIOH L,

B FAMAILDAMBYANL B AL SN LTI D0 AL
g B BAAA LM AN Y LIBTR I uA A ILIIMNL T e o



Case 2: In-Situ Oxidation/Remediation of Ground Water
" Contaminant - #2 Fuel OQil/Volatile Organic Compounds

Abstract

An industrial establishment located in Newark had a discharge of heating
cil to the soil and groundwater beneath it's facility. The discharge
originated from underground storage tanks (USTs) that supplied fuel to
heat the facility. The tanks were located beneath a concrete area in a
courtyard and surrounded by buildings. The facility owner decided to
remove one of the accessible tanks and close the other tank by abandoning
in-place. Upon closure, it was discovered that one of the USTs had leaked
oil into the scil and groundwater. The owner was then required by the
NJDEPE to remove the soil to the extent possibie, and take corrective
action to remediate the discharge to groundwater. The soil was removed
for disposal from the areas which were accessible, but the discharge had
contaminated the soil and groundwater beneath the courtyard and under the
adjacent buildings. The facility owner was required by the NJDEPE to
install monitoring wells within the courtyard and to install a groundwater
pump and treat system and conduct quarterly groundwater monitoring until
the site was remediated to NJDEPE Standards. This program was
estimated to require 1-2 years to complete at a cost of approximately
$125,000.00. The contamination was inaccessible by traditional remedial
methods (i.e., excavation) since the contamination was within the
courtyard and partially beneath. the surrounding buildings. The GEO-
CLEANSE process was utilized to successfuily remediate groundwater by
two successive injections over a period of one week. The total program
charge including design, system fabrication, chemical reagents, permits,
site work, and post-remedial evaluation was approximately $24,000.00.
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Background Qf Site Remediation

The chemical compounds dischérged to the subsurface environment are
considered a hazardous waste in accordance with New Jersey Statutes.
The contaminant caused approximately 45,000 gallons of groundwater to
be contaminated, including free phase contamination floating an
groundwater.

In addition, the residual soil contamination below the buildings were
inaccessible and would reguire a deed restriction on the property, thus
limiting the use of the site for only commercial uses and reducing the
vaiue of the property. The traditional program would typically require
years and approximately $100,000.00 to implement.

Hudson Environmental Services, 'Inc. proposed GEO-CLEANSE to clean the
soil and groundwater withcut the need to significantly disturb the site.
The client agreed to the program and an NJDEPE Approval was secured for
the in-situ chemical oxidation/remediation of the soil and groundwater.

The groundwater contained approximately 61,000 ppb of dissolved
contamination (See Attached Site Map). This contamination was below
both the surrounding buildings and the courtyard area. Special injectors
were designed and installed into the groundwater and a mixture of

-oxidizers and non-hazardous amendments and reagents were injected into

the effected areas over a period of several days. The results of the
injection program, 72 hours after the final injection, reduced groundwater
contamination to below NJCEPE Standards. The NJDEPE required 3
sampling events documenting acceptable groundwater conditions as a
condition of no further acticn on the property. The attached anaiytical
data, maps and tables provide before and after resuits of the remediation
process for the referenced site. A listing of references from both the
clients and Regulatory Agency involved in this project can be provided upon
request. '
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The site remediation program is considered complete and the total
program required approximately 2 months and $22,000.00 for permitting,
design, treatment, and post remedial evaluation.
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PRE-REMEDIAL
GROUNDWATER ANALYTICAL RESULTS SUMMARY

FUEL QIL IMPACTED GROUNDWATER

FIELD SAMPLE IDENTIFICATION] MW+ MW-4 MW-4.
DATE May-90 Jan-92 Mar-34
DEPTH OF WELL! 19" 19*
INTERVAL OF SCREENI 4.19° ‘
PARAMETER (UNITS}
VOLATILE CRGANICS (ppo)
DILUTION FACTCR
MOL LOWEST
VDL HIGHEST
Acelone : N 2408
Vinvi Chionde i .08 57 ND KT
1,1-Dichiorogihans 38 N
__1.2-Oichioroathans 0.3 16 J
|__1.2-Oicniorosthene (toral) 3200 1300
2-Butanons Not Publisheg 8 J
Benzens i 9.2 120 110 17
Tolusne 1000 2500 2500 390
Chiombenzene 4 180 110 [-A]
Ethylbenzens 700 140 § 180 31
Methyiena Chioride ND | 35
Xylenes (totw) Not_Availadie 780 580 1356
1.3-Dichioratenzens 400 18 Mo 2.
1.2-Dichiorobenzens $00 290 | 580 92
1.4-Dichiorobanzene 75 31 | ND 114
VO TARGETED TOTAL 3282 | 5825 804
VO TICS TOTAL | 80§
|

VO « 10 TOTAL

Acsnapnhane t9 [
Byndine Not Pubiishec 3.8
1,3-Okenloropenzene 800 3.4 3 4 J
1. 4&-Dichiorobanzens 75 15 8 5
1,2-Dichiorobenzens 300 140 45 41
1,2 4-Trichiorobenzena 9 2J
- Ngoithaiens (PAH) Not Published 270 104 4
2-Metyinaphthaisne Not Publishea 810 _ND 45
Dibengoturan Not Published 14
Fluomne (PAH) 300 29 8 4 J
Phenanthrene (PAH) Not Avaiabie 18 ]
|__Pyrane (PAH) 200 11 E] tJ
Bis(2-Ethyihexyl)Phthalate 3 3 72
BN T, TOTAL o 1102, 4 194 218
BN TiICs TOTAL ND 2545 $80
fBN 4 18 TOTAL 1102.4 2798 798

NOTE: RESULTS REPORTED IN ugl (PARTS PER BILLION).
NA - NOT ANALYZED.
NO - INDICATES COMPOLIND WAS ANALYZED FOR BUT NGT DETECTED ABCVE METHOD DETECTION LIMIT (MOL).
¥+ INDICATES ESTIMATED VALUE USED WHEN A COMPOUND 1S DETECTED AT LESS THAN THE SPECIRED
OETECTION LIMIT. :
B - INDICATES COMPOUND WAS ALSO PRESENT IN THE BLANK.
GROUNDWATER QUALITY CRITERIA AS PER NJAC 738,
ANALYTICAL METHOD:
YO + 10 = EPA METHOD 624.
8N + 15 = EPA METHOD 625,
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N

State of New Jersey
Department of Environmental Protection and Energy

Division of Responsibie Party Site Remediadon

. CN 0238
Trenron, Nj 08625-0023
anne M. Fox Kari . Delaney
cring Commissioner Dirsctar
DEC 27 1933
CERTIFIFTD MarTT
RETURN RECEIPT REQUESTED
RE: Chamos Corporation
Newarsi CLty, Issex County
romedial Action Worksolan Addengum Dated: Saptamber 17, 19713
ISRA Caes +5221§
Dear Mr. : '
Pursuant TC Tha AYThority vestad Lo the Compmissioner of the New Jersay
Department ¢l Iavirenmennal Procectilon and Enezgy (“NJSDEPE") oy the Industrial
Sit@ Recovery Act (ISRA) and dulv delegated o Thwe Assistans Direcior of the
Industzial Sits Zvaluaticn Zlemen: gursuant to N.J.S5.3a., 13:3~4¢, the above
zaferancad Ryinedial Action Werksolan Addendum, submitted on behall af Chames
Corporation, is hereby approved Ly the NODIPE agx conflzloned balow:
GROUND WATLR CONDITIONS
1. The propeszal o trgat the di=-n-sutyl-phzhalaza (D¥3P) contaminatad ssil .o
The WIignt Stiwet Coustyars Avaa with hydsogen _e*ox-_a, y iajectingrins
hydrogen p9roxide intd mon;:crinq wells 2 and &, angd ialfilezagion
trenshes, 1 conditignally acceptaple. Prizr zo Lmplemantation, Chamos
Corpcration shall vreport the quantity and injecticn race of hydrogen
paroxida. Also, Chemos Corporation shall sravide the logallon aand
sperificatisns of the ilnfiltzation srenches.

’ <. Tha proposal for post ramediation grouns water menlifcring using monisorisg
w8Lls 3 and i3 (MW 10, sraposad dswn gradlant mInisoring ve-n\ ia
acceptab.e. Chewos Carperaticn shall install MW 10 in the location
depacied on the anclosec map. One addiiicnal zound, tor a vd;‘l oi zhras
ground water samplisg epigcdes, shall be raquized to evaluate the
effgctivenass of the zroposed =oil remediation.

3. THE Oropousil TT perfurm only tws more rounds of ground water samgling in
The Inner CousTyard Azesa (MW= 4 and 7) ig unacceptabla due Tc tne presancs
of free product in menigoring well 4. Ne Zurther action can oniy te
neoposed 1f free produst Ls a3t detected Sor xix coonserutive meaths.
Quarzerly sampling ot monizuiing well 7 for cenczene, =oluana,

aLifyllenzeng, xvlene ang base neutral ofganic ceompounrcas walil A4 forwand
ltb:a:y sgarcn (BN+1S) will me recguired whila fzee zrodult s delesisa,

MNew lamey s 1 Coudl OCosormguty Smeiover



.c:n.a";na:~a* asscciazad with Cx amcs Corporaticn as identifled

Chemos Carpgration may propssa acsive remadiation for the [nner Csursvass
Area a§ an altagrnative T3

long ctarm memitsoing.
GENERAL CONDITIONS

corgoratizn shall ceompliy wish ali federal, stacse, and loeal
5, and ordinances in implemenzing tha apgroved Remecial Act
ddendum. '
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N osha Written sscuest of 2@ NJUERE, Chemss Co
Teviaw and appraoval any addivional Remmcial As
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v by the UJTEPT duving tne lmplamantazicsn of

fo Zullvy de--"eaua tha nature ard axisnt ¢f eaviso
Tion asssciasad with Chamos Corgoratisn. Chemes &
and comslave any such sddisiensl Remesial Aczisn
t5 in acczrdanca with the time .-anes 2@z Igrsh in
1 Remedial Action Werkplans. Turtharmere, Chemes C
nd submiT o the NJDEFE feow appraval any ravisions
ticn Workglan Addansum neceRssary 3 remaclate any additisnal
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Rewedlel AcLion Workplan Addendum implementation, by any sddizionmal

from any eother source. Chamcs Corporation szall ravise and suimiz the
ired informatisn within a reasonable tim@, noet ¢ ]
recelpt oI wrivten notllicatiurn fzum the NIOEPE,

'

"m0
LA Il
(:

0.
&l

4. Chemcs Cerporatiorn shall ¢ollact all sangpliles in accordance wiih tha
s5ampi.ng Protocol cuztlined Lo tne M3y, 1992 ecision of Lhe RJDEPE 3 "rield
Sampling Prosedures Manual®.

5. 7The ISRA raguiremsn: for ramediaticn of al.i envircnmental concaminasion
associlated with Chemos Cozporation and the te:ns and sandisiens 22 the approved
Remedial Ac¢=ion Workpglan Addendum shall be binding upon Chemes Corporation., and
LTS successcrs Ln interest, agsiLgns and any Trustes or receivar appointed
Purluans cc a ::ocaedin law 3v equity. Any @Iilser ov managamgn:t affizizl whe
xagwingly Ts or authorizes tae viclation of any provision of ISRA or thz
ragulac ions sha;. be gersonalily liable fzr the —enalt" estapkllisned sursuaans =2
M.J.S.A. 13:1X-12 and N.J.A.C. 7:2$3-9.3 as amenced b" P.L. 1993 ¢.139.

6. Pursuant o N.J.A.C. 7:263-53.5 (a) and (b), Chemos Corporaticn shall submec
o the MNGDEIPE cuartarly written progress reporss in acegsrdance with che
Tachnical Requirements Fcr Sitze Remediation, N.J.A.C. 7:268-6.% (&) 1-8
detailing che implementation of the Remedial Action Workplan Addendum by the
fifceenth day of each month.

I% mocifications to the remedial schedule are anticipated during implemensacion
of the referenced Remedial Action Workplan Addendum, Chemos Corporation shall



submis 3 Teviiad remediial acsisn schedula wis

Sased on 4 revie~w 9F thisg schedula, The MIDEPE

revized remecial action schedula. I the revi
gy

digapproved, the UJDEIT will ncte The rassons

3 -a*c::.
i1l aperezve © -4
2 zemadial ac
r the dosappr

-

T. <Chemcs Corporatisn 3nall submit a final and any interln remadlal aciian
TRECCT Lin accsrdance with H.J.3.C. T:258E-5.35.

3. Chencs Coryoration shal. netily the assignad Case Manager at .=ast 14
calandar davs prisy to The inibtiacizn of any and all investigazoln/ ramediztion
activisties at the silta sc that the Case Managar may e present.

3. Chamos Qsrporaticn shall i1Altiate vza Remeclal Action Workplian Addendum, as
moandisianed in =his Ramadial Acticn Werkplan aszZandum Approval, wiziin we
weeks of recaipt of chis lawzer and, in aczordance wikth I.J.A.C. 7:2€3=-3.3:2),
bagin implementaticn =f thie 2emedial Acticn Werliplan Addwndum algording oo the
provnesd romadial acrrinn echadula. If any curceant or anticipatcad d9lav is
caused DY evenss zevond the e¢ontrsl of Chemes Jiorporatisn, then Chemes
Corporation shall notify the NOCDIPE in writing <ithin 1D calendar days of such
avent. Themes Carporation €hali precisely rfassrire thae aausa ¢f chie dalzy ang
Tequest in extensicn. Iacroasas LN Ine oISts ST avpeqves ingurred in
fulfilling the reguiremenz3 cSutlined in =nis LatTsar shall nect b2 considased a2
Bazis S22 an axtwngion and sudh SMIIASian Teguasns will nar nha grantad g4
Chemcs Corroratlion falls oo -nn’emen: the Remecsial Action Workgiin Addencdum in
acesrdance wiih the proposad zamedial action zchecule, rhe NIDIFI reservas tihae
sihghe ta implasment full anforcement measuras ind assess panaliiwes pursuant IO
N.J.2.C. 7:268-3.

The CDEPE‘s approval, ar conditicned aneve, 13 Limitad k3 she zhove refersncad
Rem@dial Action Workplan Addendum only and is 2as5ed upon infsrmazion provided
by Chemos Corzoratisn to nhe NJDIPE. : nadia} Action Horkpian Adcendum
Apprsval shall nos Limis, seslii¢s, oy pychibis NSDE?E fzom dirscosing on-sise
or off-site cleanup, if dasemec nacessacv oy NOIEIPE, under any soher statucte,
rule, cor ragulatien. Chames Corporaticn L5 Rarabdy regquized to Ifully implemen:
zn@ wefarzancoed Remedial Aczion wb:kgkuh Addendam, 38 sendisioned abdswe, in.

aceerdance with =ha time scnedule as set forts therain.

3y issuing thi3 Remedlal ACTicn WOTKPlan AcC@nium APDProvel, Lhe NJOEPE
continues O Toserve it§ :-gnt £2 pursue any cenaltiss allcwable under
for violations of the ISRR s2atuss oOr regaiaticsng associated with his
Transaction, in agcoordance with Ihe ACU.



I you have any Questions concerning the document=,

claasa consact tne
Manager, Richazrd Iurgos, at (50%) 533-7141.
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Sinceraly,
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Shriatine Todd Whitman Deparrment of 3aviranmentzi Jrotegiien Roberz C. Shimn, jr.
Soveraar Cammissisner
SRETITIN My TY

3&'—'?‘3\{ AFCTTIT g'ﬁ'f“"‘:‘s"‘-‘:

5
:

3resslsT, Amacy & 2033
2.0, Box 1980
Mozzistown, N3 Q7962

s

North Brunswick, Middlesex Zeoumcty

Case §#92-09-16-1942

UsST 40032708

CxyClaan ?raposal datad: OCetaoper 7, 1994 °

Dear Mr. Nemeth:

The Naw Jersey Devarzment of Invironmsntal ?rotaciisn and Inergy (Department) 2as
complatad a raview of the above vafersncad OxyClaan proposal. A proposss oo
injeez 50% hydrogenm perosxida soluticn ?‘.:‘xh intzs the Passalc Formactiom,
This pilom study is being perorz=ad o evaluaza tha =T2atment of 3TEX campounds 4= She
stza. QD vill be moniszoring grsundwatar for aydrogsn peraxida, dissoived oxygen and
millivolt potantial during the study. One veek altar ths soluction has been injecsed,
tha groundwatar will te analyzad 2oy 3TIA. The zesulszs will bBe preserntad iz a Ramedial
Acsion yorkplian.

Pursuanc ©o tha Nev Jersey Follacanc Dischazge Zliminacion Systam (NJOPDES) regulations,
specililcally, N.J.A.C. 7:14A-2.13(a}l, che Dapartment is lssuing a4 germic-by-rule
Aut:!'.uriziag a discharge ts a Class V Undargzound Injection Conzzal (UIC) systam. This
permit-by-rule allovs a dischargs ffom & piloC tast Belng used o gatler data for an
avaluacion of the effectivensss of a rsmacial altaz=aczive. Thataiare, =he Departaant
hersoy authdrizes the piloc study as described abeve. This approval Ly valid anly when
all of cthe fslicwing conditions azs zecw,

Ths duracion of che discharze shall not excasd 2 days.

Papsi shall alae mlyzo the g‘:aune..uur for {rom along with the jprsposesd BIEX
an;lytca.

Papsi L3 rzesponsibls fox propezly plugging and abandoning ths Tainjection davice
cmcn the reinjaction is complecs, Iin accordancs wicth N I A.C. 7:16A.5,10(a)6.

Information datailing this opezation, incl u:\:.ng: sxact datas during whizh the pilet

New [srsey it an 3quat Opportaniy Enprorer .-
Kexycisd Peper :

-

1)



SENT 8Y:Xercx Telacapier 7020 '10=id-34 . 1.8 |

study oceurred, the number of gallons injactad, the leval of treatmenc and methed
of Creatment utilizsd, and desails of the plugzing and abandonment shall be

submiccad with the Rexsdial Action Werkplan.

If you have any questions, please contact Rsned Wrighe, of the Bureau of Undarground
Storage Tanks, &t (609) 984-3156.

Sincarely,
Horll X Ve,

Kavin 7. Kracina, Chief
Bursau of Undaprgzsund Stozage Tanks

¢: Rened Wrighc, Cass Managsr, BUST
Health Depazthoent -

T T T
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STATE OF NEW JERSEY

DEPARTMENT OF
ENVIRONMENTAL PROTECTION AND ENERGY

Certifies ‘That

Budson Knvironmentasl Sosvices, lac.,
4 Hark Road, Sulte C
i Keallworth, N1 070))

l . | hoving duly wuet the requircinents of the
t Undeground Storage Tank Certification Program
i ; NJS.A. 58:101-24.1-8
S
[ K is hercby approved to pecform the folloaning services:
3 : Cloasure
l _ ‘ Subsurface Uvaluation
’ -i 200001014
E . NG AR RREN
i ) | 01’:.”5 4. e --.--‘ ..-'T",.; i . -'-'f"/'
| | N Lo T TOWMSIONA RFMAMENTOF
| | & ENVIONUENTAL PROTECTION AND ENEROY

TO BE CONSPICUOUSIL.Y DISPILAYED AT THE FACILITY.
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