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August 9,2002 

Mr. Jeffrey L. Dyber, P.E. 
NYSDEC 
Bureau of Eastern Remedial Action 
Division of Environmental Remediation 
625 Broadway 
Albany, New York 12233-70 15 

Re: Pall Corporation 
Revised In-situ Chemical Oxidation Pilot Test Design 
NYSDEC IHWDS NO. 1-30-053B 

Dear Mr. Dyber, 

In accordance with your request, Enviro-Sciences, Inc. (ESI) has revised the pilot test design submittal to 

address all comments received from the NYSDEC and the NYSDOH. Key revisions of note include: 

A revised injection sequencing and monitoring plan that includes individual injection and 
monitoring drawings and a monitoring summary table for each phase of the pilot test; 

Detailed design calculations indxating permanganate dosing, water make-up 
requirements and other key design parameters; 

a Completion of modeling to simulate the injection events and the radii of influence of 
injection wells; 

Inclusion of six (6) new monitoring well couplets, located based upon modeling output, 
to better monitor performance of injection events at all well points; 

Inclusion of MW-3, MW-4, MW-4P1, and the SVE well in the permanganate injection 
pilot test; 

A revised project schedule that clearly distinguishes different phases of the pilot test 
program; and, 

Certification of the design by a Professional Engineer licensed to perform engineering 
services in the State of New York. 

We trust this submittal will meet with your approval and we look forward to starting the pilot test 
program. It would be appreciated if you could complete your review as soon as possible so that we can 
initiate drilling and the Phase I injection tests throughout September and October before weather 
conditions complicate water handling and field operations. 
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If you have any questions or comments, please do not hesitate to contact me at (63 1) 207-9005 extension 
102. Thank you again for working with Pall and ESI to finalize the scope of this pilot test program. 

Sincerely, 

Pmy/vr  'el J. Smith, 

Vice-president 

cc: M.A. Bartlett / Pall 
W. 13enzinger / Pall 
K. Katz / Pall 
S. Morrissey / Pall 
K. Olson / MT&E 
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IN-SITU CHEMICAL OXIDA TION PILOT TEST DESIGN 

P'4LL CORPORA TION 
30 SEA CLIFF A VENUE 
GLEN COVE, NEW YORK 

1.0 INTRODUCTION 

Based upon the findings of the Feasibility Study (FS), Pall Corporation recommends In-Situ 

Chemical Oxidation (ISCO) as the remedy to address groundwater contamination underlying 

the Pall Corporation (Pall) facility located at 30 Sea Cliff Avenue in Glen Cove, New York. 

The analysis described in the FS showed that potassium permanganate would be an appropriate 

oxidizer to meet remedial objectives in a safe and cost-effective manner. Bench-scale 

treatability studies also verified that potassium permanganate will effectively react with the 

chlorinated volatile organic compounds (VOCs) of concern in the groundwater at the site to 

reduce chlorinated VOC concentrations to acceptable levels if a proper delivery system can be 

employed (See Appendix A). This ISCO Pilot Test Design outlines the field studies necessary 
W to confirm that a proper delivery system can be installed and operated to ensure adequate 

mixing of reactants and destruction of the contaminants of concern within a reasonable time 

frame. 

This program is being initiated to confirm the effectiveness and feasibility of in-situ chemical 

oxidation technology to address shallow and intermediate zone groundwater impacts. 
Specifically, the scope and objectives of the pilot test shall include the following: 

Design of the pilot test system illustrating injection well locations, monitoring 
locations, and oxidizer injection equipment setups; 

Installation of approximately eighteen (1 8) new, shallow permanganate injection 
wells to evaluate the ability to inject the desired volume of permanganate and 
achieve adequate mixing in the shallow zone; 

Installation of approximately eighteen (1 8) new, intermediate permanganate 
injection wells to evaluate the ability to inject the desired volume of 
permanganate and achieve adequate mixing in the intermediate zone; 

Installation of a permanganate delivery 1 injection system including make-up 
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tanks, mixers, pumps, and control systems; 

Completion of one (1) permanganate injection event at the shallow and 
intermediate injection wells. During the injection event, parameters including 
optimum delivery rates, well fouling (if any), groundwater elevation changes, 
temperature changes, etc. will be monitored at existing monitoring wells. The 
permanganate solution makeup procedures will also be evaluated to optimize the 
full-scale delivery system. 

Completion of one (1) permanganate injection event at MW-3, MW-4P, MW- 
4PI and the horizontal SVE Well (below water table during high groundwater 
periods) to evaluate the effectiveness of permanganate injection directly into on- 
site monitoring wells. 

Installation of six (6) new monitoring well couplets (shallow and intermediate) 
to monitor permanganate injection events. The new monitoring wells will be 
used in conjunction with existing monitoring wells to provide a comprehensive 
injection monitoring network. 

Field monitoring during and following the permanganate injection event to 
determine the zone of influences, reaction rates, degree of reaction, contaminant 
reduction rates, estimates of the amount of unreacted reactants, etc. Monitoring 
will include collection and analyses of groundwater samples, colorimetric 
analyses, etc.; and, 

Issuance of a pilot test report documenting the findings of the study and 
identifying key design criteria and activities necessary for full-scale remediation 
to meet remedial objectives using this technology. 

1.2 Overview of in-Situ Oxidation Using Permanganate 

Permanganate ion (MnOi) has been used as an oxidant to treat organic compounds in water 

and wastewater for many years. In recent years, it has been increasingly used in-situ to 
remediate groundwater contaminated with volatile organic compounds, primarily chlorinated 

organics. For this pilot test, potassium permanganate will be used, although sodium 
permanganate can also be used effectively. Oxidation using permanganate has several major 

benefits over more traditional remediation methods such as pump and treat systems in that it 

removes significantly more contaminant mass via a destructive technology; it greatly reduces 

the time to complete remediation (often by a decade or more); and, it is more cost-effective 

than other remedies requiring complex air handling andlor water treatment systems. 

Permanganate is a very effective oxidizer with high water solubility (approximately 60 to 65 

grams per liter). The high solubility makes it highly mobile and relatively easy to inject into 
W the subsurface. In addition, the high solubility allows the permanganate to achieve greater in- 
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situ mixing and better contact with contaminants of concern. Permanganate is typically 
rY purchased in a crystalline form, or for smaller-scale applications, it may also be purchased as a 

solution. For this pilot test, it is anticipated that the permanganate will be purchased in 1500 kg 

bins in the crystalline form with feed solutions made up at the site. 

For the primary contaminants of concern at the site including Tetrachloroethene, 

Trichloroethene, cis-1,2-Dichloroethene, and Vinyl Chloride, the generalized chemical 

reactions that drive remediation are presented below: 

PCE: 4KMn04+3C2C14+4H20 3 6C02+4Mn02+4k? + 1 2 C t + 8 p  

TCE: 2KMn04 + C2HC13 9 2C02 + 2Mn02 + 2 ~ ' + 3 C t + H '  

DCE: 8KMn04 + 3C2H2C12 3 6C02 + 8Mn02 + 8k? + 6CC + 2 0 H +  2H20 

VC: 10KMn04+3C2H3C13 6C02+10Mn02+10k?+3Cl-+70H-+H20 

As indicated above, the volatile organic compounds are converted primarily to carbon dioxide 

(C02), manganese dioxide (Mn02), water (H20), chloride ion (Cl-), and potassium ion (A?) at 
'W completion. Since dissolved manganese and chloride have secondary maximum contaminant 

levels (MCLs), the formation of these ions during the pilot test will be carefully monitored. 

Although the dissolved manganese levels may temporarily exceed the secondary MCL of 0.05 

mg/l for manganese immediately after injection events, dissolved manganese typically 

attenuates as the manganese precipitates out of solution as MnOZ. Therefore, it is not 

anticipated that dissolved manganese levels will pose a problem after sufficient time is allowed 

for the precipitation of MnOz. The secondary MCL for chloride is 250 mg/l. This relatively 

high MCL should not be exceeded based upon results from similar permanganate projects. One 
of the objectives of the pilot test will be to confirm the theoretical reaction yields, the degree of 

completion, and the intermediary and final products formed. 

2.0 PILOT TEST SYSTEM DESCRIPTION 

The test area was chosen based upon the results of Remedial Investigations completed by 

Enviro-Sciences, Inc. on behalf of Pall Corporation. During these investigations, it was 

concluded that the area of the highest concentrations of chlorinated VOCs in the shallow and 

intermediate groundwater zones is near the northern property line of the Pall site in the vicinity 

of well clusters at MW-5, MW- 10, MW-2A, MW- 1 1 PS, and MW- 12PS (see Drawing Y 1). A 

b complete description of the levels of contaminants, contaminant distribution, and geologic and 
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hydrogeologic factors influencing this pilot test was provided in the Remedial Investigation 
w report and the Feasibility Study for the site. These documents are incorporated herein by 

reference. 

The pilot test system layout and design is presented in Appendix B. As indicated in Appendix 

B, the Pilot Test area is bounded on the north by the northern site property line; the south by 

MW-3P and the horizontal SVE well, the east by the eastern Pall property line; and on the west 

by the MW-2A well cluster. This pilot test area has been selected to address the areas of 

highest concentrations and because of the extensive monitoring well network available for 

collection of data to monitor the progress of the pilot test. It should be noted that injection of 

potassium permanganate directly at MW-3P, MW-4P, MW-4P1, and the horizontal SVE are 

included in the pilot test scope to evaluate the effectiveness of injection directly into a single 

well. The single well injection events will serve as a basis of comparison for injection through 

multiple, clustered wells that is the focus of the remainder of the pilot test. The inclusion of 

direct injection at MW-3P, MW-4P, MW-4P1, and the horizontal SVE well, is being performed 

at the request of the NYSDEC. 

The new shallow permanganate injection wells will be 4" diameter PVC wells screened from 

approximately 5 to 25 feet below grade surface. New intermediate injection wells will also be 

w 4" diameter PVC wells and will be screened from approximately 35 to 55 feet below grade. 

The existing monitoring well clusters near the northern side of the Pall site will be used for 

monitoring and data collection during the pilot test. In addition, six (6) new monitoring well 

couplets are to be installed as part of the pilot test (See Drawing Appendix B). As a minimum, 

there will be at least one downgradient monitoring well couplet (shallow and intermediate) to 

monitor the oxidation reactions before, during, and after each injection event. Monitoring well 

couplet locations have been determined based upon modeling of the permanganate injection 

system to predict probable radii of influence and reaction rates. 

The permanganate injection system will be skid mounted and will be set-up immediately 

adjacent to the pilot test area. The detailed design drawings in Appendix B provide the 

engineering details of the system and the injection phasing plan (e.g., piping and 

instrumentation diagram, elevations, equipment specifications, etc.). Power for the system will 
be provided fiom the existing building, or if not available, fiom a portable generator. Water 

will be supplied from the Pall building. All potassium permanganate and any other chemicals 

being staged prior to injection will be temporarily stored in the existing chemical storage area 

at the site north of the pilot test area. This area is ideal for chemical storage during the pilot 

test because it was previously used for chemical storage and was designed specifically to 

* 
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prevent accidental releases of chemicals to the environment (i.e., secondary containment is * provided, the floor coating is impervious, etc.). 

3.0 PILOT TEST PROCEDURES 

After installation of the pilot test injection wells and new monitoring points, the wells will be 

developed by pumping until development parameters such as turbidity, temperature, pH, and 

conductivity have stabilized. Development waters will be containerized and will be slowly 

introduced to the permanganate feed stream during pilot testing to destroy any chemical 

contaminants of concern and to minimize disposal costs. Alternatively, development water 

may also be disposed via the municipal sewer system if acceptable to the City of Glen Cove. 

The NYSDEC, as well as August Thomsen, the Glen Cove Day Care Center, the EMS Garage, 

and the Glen Cove Water Department, will be given ten working days notice prior to the start 

of any fieldwork. At the request of the NYSDEC, initial pilot test activities (i.e., the actual 

permanganate injection event) will begin on a Friday evening or on a weekend when buildings 

in the vicinity of the pilot test are minimally occupied. 

3.1 Pre-test (Baseline) Sampling 

W Prior to the start of any permanganate injection events, a baseline groundwater sampling event 

will be conducted from all on-site monitoring wells. All wells will be sampled for VOCs, 

Freons, KMn04 (colorimetric method), Oxidation-Reduction Potential (ORP), total organic 

carbon (TOC), chlorides, and the following metals: iron (Fe), manganese (Mn), and chromium 

(Cr). In addition, field monitoring will be performed for temperature, pH, conductivity, 
wellhead VOCs (with a photoionization detector), dissolved oxygen and groundwater level 

measurements. Data collected during the baseline sampling event shall be used as a basis of 

comparison for data generated during and following pilot testing. All analytical work will be 
prepared and delivered in accordance with ASP Category I3 protocols. 

3.2 Treatabilitv Studv Results and Pilot Test Dosing Estimates 

In order to evaluate the proper concentrations and dosing requirements for the permanganate 

injection pilot test, ESI completed a bench-scale treatability study in coordination with the 

Environmental Research Institute (ERI) at the University of Connecticut (UCONN). The 

complete text of the Treatability Study Report is provided in Appendix A. The significant 

findings of the bench-scale treatability study are summarized in Table 1. 

As indicated in Table 1, the treatability study concluded that permanganate can rapidly degrade 

PCE, TCE, cis-12DCE7 VC, and chlorotrifluoroethene in the site soil andlor groundwater. The 
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degradation of 1,1,2-trichloro- l,2,2-trifluoroethane in the control experiment was observed as 
sr well as in the permanganate injection test setup. Therefore, 1,1,2-trichlor- l,2,2-trifluoroethane 

degradation is expected to occur, only at a slower rate than the other compounds of concern. 

One of the primary objectives of the pilot test will be the evaluation of the effectiveness of 

KMn04 for 1,1,2-trichloro- 1,2,2-trifluoroethane removal. 

The soil oxidant demand was determined to be approximately 1 g k g  soil to 4 glkg soil and 

increased with an increase in KMn04 concentration. This is representative of a relatively low 

soil demand factor thus making permanganate injection a very attractive remedy. A low in-situ 

KMn04 dosage concentration of 1 g/L to 2 g/L (approximately 0.1% to 0.2% by weight) was 

recommended for full-scale application and will be evaluated in the proposed pilot test. 

Based upon the size of the pilot test area and the KMn04 demand determined during the bench- 

scale treatability study, as much as 480,600 pounds of oxidant may be required for full-scale 

remediation of the area of concern. This pilot test will include injection of approximately 

146,900 pounds of potassium permanganate to achieve an in-situ dosage concentration of 

approximately 1 g/L (after accounting for a soil oxidant demand factor of l g  1 kg). This 

amounts to an average of roughly 4,100 pounds of permanganate injected at each of the 36 pilot 

test injection wells. Assuming a 2% KMn04 makeup feed solution, approximately 884,900 

+ gallons of make-up water will be required for injection during the entire pilot test 

(approximately 24,600 gallons per well). Preliminary modeling has indicated that mounding 

and spreading should not pose a concern at this injection rate given the site hydrogeologic 

factors as long as the injection flow rate is maintained at below 15 gallons per minute per well. 

Potential spreading of contamination will be carefully monitored by frequent well gauging and 

sampling at monitoring locations in all directions radially outward from the injection point. If 

field data indicates an unacceptable amount of mounding outside the injection area (i.e., more 

than 25 feet away), the pilot test will be temporarily discontinued and the injection 
concentrations and rates reevaluated in coordination with the NYSDEC. 

Permanganate dosage calculations are provided in Appendix C. The results of permanganate 

injection system modeling to approximate radii of influence of injection wells and the rates of 

reaction are provided in Appendix D. 

3.3 Permanpanate Solution Make-uu and Injection Sequence 

The permanganate make-up and injection system consists of a dry chemical feed system, a 

make-up tank with a mixer, a potassium permanganate injection system that can be varied in 
the field, safety systems (e.g., relief valves, etc.), and monitoring instrumentation (e.g., pressure 

'cv gauges, temperature gauges, flow meters, etc.). 
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An injection manifold will be developed to allow injection in several wells simultaneously. 
)C. The injection of permanganate will be completed in phases so that monitoring data can be 

properly collected and catalogued. Injection will begin at Phase I near the MW-11 P and MW- 

12P clusters. Injections will first be performed in the shallow wells (perpendicular to the 

groundwater flow direction) until the desired volume of the permanganate solution has been 

introduced. The injection events will then proceed to the intermediate wells. Monitoring will 

be performed until essentially all permanganate has been reacted to completion. After the 

initial phase of injection and before the start of the next phase, data will be evaluated and a 

letter report submitted to the NYSDEC. The NYSDEC will review the data with Pall and ESI 

to determine if modifications to the design of subsequent injection events will be necessary. 

After NYSDEC acceptance of the data for the first injection phase and any necessary design 

changes for subsequent injection events, the injection events at phases 11,111, and IV will 

proceed sequentially as indicated in Appendix B. The injection events at wells MW-3P, MW- 

4P, MW-4P1, and the horizontal SVE well will be completed as Phase V following completion 

of injection events at the northern portion of the site. 

Phases IA, IIA, and IIIA will each inject approximately 20,500 pounds of permanganate 

dissolved in 123,000 gallons of water into five shallow injection wells simultaneously. Phases 

v IB, IIB, and IIIB, will each inject 20,500 pounds of permanganate dissolved in 123,000 gallons 

of water into five intermediate injection wells simultaneously. Phase IVA and IVB will each 

inject 12,300 pounds of permanganate dissolved in 73,800 gallons of water into three shallow 

wells simultaneously, and then the three intermediate injection wells simultaneously. Phase V 

will inject 16,400 pounds of permanganate dissolved in 98,400 gallons of water into monitoring 

wells 3P,4P, 4 PI, and the horizontal test well simultaneously. 

3.4 Performance Monitoring and Sarn~ling 

As indicated in Appendix B and Table 2, the existing monitoring well network, as 

supplemented with the six (6) new monitoring well clusters, will be utilized for pilot test 

performance monitoring. The parameters to be monitored and the frequency of monitoring are 

also provided in Table 3 

All analytical samples collected will be collected in accordance with the procedures outlined in 

the existing Quality Assurance Project Plan (QuAPP) for the site. Laboratory data will be 

presented following ASP Category B deliverables. 
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Field data will be documented in a dedicated field logbook or on field data sheets developed for 
w the project. All original field data will be reproduced at least twice per week so that a backup 

of original data is maintained. 

3.5 Termination of Field Pilot T B  

Field tests will be terminated after the desired mass of permanganate has been added to the 

subsurface and sufficient data has been collected to meet pilot test objectives. Upon 

termination of pilot testing, the pilot test well network may remain in place to support full-scale 

remediation. 

4.0 DATA EVALUATION AND REPORTING 

Data collected from the pilot test will be entered into a database for use during preparation of 

the Pilot Test Report that documents all pilot test activities. As a minimum, the Pilot Test 

Report will include the following: 

A description of the field procedures implemented; 

A discussion of the permanganate injection event(s) performed including 
calculation of dosing rates, injected concentrations, the mass of permanganate 
injected, etc.; 

Presentation and discussion of field monitoring data obtained during and 
following permanganate injection events; 

Estimation of full-scale design parameters including the radius of influence of 
injection wells, optimal dosing rates, injection well yields, contaminant 
reduction rates, and any other information that will support the full-scale 
implementation of the remedy. 

Development of a conceptual design for the full-scale remedy. 

5.0 HEALTH AND SAFETY 

The existing Health and Safety Plan (HASP) has been modified to specifically address the 

permanganate injection pilot test and to address the scope of work covered under this pilot test. 

Tailgate safety meetings will be held and documented for each day of field activities. In 

addition, all ESI employees working on the site will attend an internal training program to 

ensure that the field program is completed safely and effectively. Parties other than ESI or 

persons who have contracted directly with ESI shall be responsible for developing and 

b 
implementing their own site-safety procedures. Access to the construction areas reflected in the 

Phase I, 11,111, IV and V injection drawings will be restricted. 
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Although negative ambient air impacts are not expected or likely, an ambient air monitoring 
CI program will be included during the pilot test as a precautionary measure. Wellhead 

monitoring for carbon dioxide (COz), carbon monoxide (CO), and VOCs will be completed 

daily during injection events. In addition, breathing zone monitoring will be performed on the 

Pall site and immediately downgradient at the Glen Cove Day Care center property. The 

design of the pilot test system will minimize particulate emissions through use of covered 

mixing and transfer vessels and possible us of vacuum systems. Monitoring of the perimeter of 

the work area for particulates will be performed if there are any indications that particulates 

may be emitted during field activities (visual indications, olfactory indications, etc.). VOC and 

particulate monitoring, if necessary, will be completed in accordance with the New York State 

Department of Health (NYSDOH) Generic Community Air Monitoring Plan (CAMP). 

Additional information, including levels of VOCs, COr and CO that will trigger actions to 

reduce potential exposures, will be provided in the Health and Safety Plan prior to the start of 

field activities. 

6.0 PROJECT SCHEDULE 

A project schedule is provided as Figure 1. Si nce one of the objectives of the pilot test is to 

evaluate the time required to inject the permanganate and determine that it has reacted with the 

W site contaminants, this schedule is intended solely as a rough guideline. The actual time 

required to complete the pilot test will vary based upon actual field conditions. 



TABLE 1 

TREATABILITY STUDY RESULTS SUMMARY 

The Site-Specific, Treatability Study concluded the following: 

KMn04 rapidly degraded PCE, TCE, cis-12DCE, VC, chlorotrifluoroethene, and 
the low level xylene that was present in the site groundwater under the 
experimental conditions. 

The degradation of 1,1,2-trichloro- l,2,2-trifluoroethane in the control 
experiment implied that active biological activities might have occurred in the 
control experiment during the treatability test. 1,1,2-Trichloro-l,2,2- 
trifluoroethane degradation in the site groundwater was also observed, although 
the degradation rate was slower than the other chlorinated VOCs. Due to the 
inconclusive nature of treatability testing for 1,1,2-trichloro-l,2,2- 
trifluoroethane, additional or alternative remedial measures may be necessary to 
address chlorofluorocarbon contamination in the groundwater at this site. 

Remediation using K M d 4  oxidation is a feasible and effective alternative. 

The Pall site has a low KMn04 demand estimated at 1 to 4 g/kg soil. The 
oxidant demand increased with increasing KMn04 concentrations. 

The decomposition ofKMn04 in the subsurface materials is slow. Therefore, a 
low KMn04 dose of 1 to 2 g/L is recommended for pilot testing. 

The impact of KMn04 injection on metal leaching was determined not to be 
significant. 

A site investigation and characterization (i.e., a Pilot Test) was suggested to 
design and implement an effective oxidant delivery system 



TABLE 2 * INJECTION AND MONITORING WELL SUMMARY - INJECTION SEQUENCING 

Injection 
Phase 

Phase I 

Phase I1 

Phase I11 

Phase IV 

Note: 

Injection Wells and 
Volume of KMn04 
Solution Injected 

Shallow: PT- 14S, PT-ISS, PT- 
16S, PT-17S, and PT-18s 

Intermediate: PT- 141, PT- 151, 
PT-161, PT-171, and PT-181 

(26,400 gallons KMn04 
solution total in each well) 

Shallow PT-9S, PT-lOS, PT- 
11S, PT-12S, and PT-13s 

Intermediate: PT-91, PT- 101, 
PT-111, PT-121, and PT-131 

(26,400 gallons KMn04 
solution total in each well) 

Shallow: PT- 1 S, PT-2S, PT-3S, 
PT-4S, and PT-5S 

Intermediate: PT- 1 I, PT-21, PT- 
31, PT-41, and PT-51 

(26,400 gallons KMn04 
solution total in each well) 

Shallow: PT-6S, PT-7S, PT-and 
PT-8s 

Intermediate: PT-61, PT-71, and 
PT-81 

(26,400 gallons KMn04 
solution total in each well) 

Shallow: MW-3, MW-4, 
Horizontal SVE Well (when 
water table is high) 

Intermediate: MW-4PI 

Monitoring Wells To Be 
Sampled for VOCs & Field 

Monitoring 

Wells to be monitored with samples 
submitted to lab for analyses: 

MW-1 IPS, MW-1 lPI, MW-12PS ---d 
MW-12P1, MW-5P, MW-SPI, MW- 
lOP, MW-IOPI, PTMW-IS, P T W -  
11, PTMW-2S, ~ ~ F T M w - 2 1 .  
+.. - , --- 

Wells to be monitored with samples 
submitted to lab for analyses: 

MW-1 IPS, MW-1 IPI, MW- 12PS, 
MW-12P1, MW-SP, MW-SPI, MW- 
1 OP, MW-IOPI, PTMW-3S, PTMW- 
31, PTMW-4S, and PTMW-41. 

Wells to be monitored with samples 
submitted to lab for analyses: 

MW-SP, MW-5P1, MW-IOP, MW- 
10P1, PTMW-3S, PTMW-31, 
PTMW4S, PTMW-41, PTMW-SS, 
PTMW-51, PTMW-6S, PTMW-61, 
MW-1GS and MW-1GI. 

Wells to be monitored with samples 
submitted to lab for analyses: 

MW-IOP, MW- 1 OPI, MW-2A, MW- 
2A1, MW-ZGS, and MW-2GI 

Wells to be monitored with samples 
submitted to lab for analyses: 

PT-15S, PT- 1.51, PT-17s. and PT- l7I 

Points to be Field 
Monitored for 

Colorimetric Response, 
Water Levels, pH, and DO 

Wells to be field screened only: 

Active injection wells plus PT-9S, 
a - 9 1 ,  PT-10s.- PT-I IS, 
P T ~ I ,  P T ~ S ,  - PT-121, PT-13~ ,  
m, PT- 1 S, PT- 1 I, PT-2S, PT- 
*:3~, PT-31, PT-4S, PT-41, 
PT-SS, PT-51 

Wells to be field screened only: 

Active injection wells plus PT- 1 S, 
PT-1 I, PT-2S, PT-21, PT-3S, PT- 
31, PT-4s. PT-41, PT-SS, PT-51, 
PT-14S, PT-141, PT-15S, PT-151, 
PT- 16S, PT- 161, PT- 17S, PT-171, 
PT- l8S, and PT-181. 

Wells to be field screened only: 

Active injection wells plus PT-9S, 
PT-91, PT-lOS, PT-101, PT-1 IS, 
PT-111, PT-12S, PT-121, PT-13S, 
and PT-131, 

Wells to be field screened only: 

Active injection wells plus PT-SS, 
and PT-51. 

Wells to be field screened only: 

Active injection wells plus PT- 
14S, PT-141, PT-ISS, PT-1.51, PT- 
16S, PT- 161, PT- l7S, PT-171, PT- 
18s. and PT- 181 

I I 

, final round of field screening from all points will be performed after all injection 
events have been completed. 



TABLE 3 
PERFORMANCE MONITORING DA TA COLLECTION 

Field Screening & Monitoring Program: 

Depth to Water 

Groundwater 
Temperature 

Groundwater 
Conductivity 

Groundwater pH 

Dissolved Oxygen 
in Groundwater 

Groundwater 
Turbidity 

Permanganate in 
Groundwater 
(color) 

Field Monitoring Frequency 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Baseline Before Injection, Twice Daily 
During Injection, Weekly Following Injection 
until Reaction is Complete 

Continued on next page . . . 

Purpose of Monitoring 

Evaluate potential mounding. Evaluate ROI 
of injection events. 

Monitor for heat of reaction, health and 
safety. 

Assist in evaluation of possible metals in 
solution 

Data required to evaluate extent of reaction, 
reaction kinetics, and general system 
performance 

Data required to evaluate extent of reaction, 
reaction kinetics, and general system 
performance 

Indicator of possible presence 1 absence of 
KMn04 when used in conjunction with 
other data. 

Direct KMn04 measurement, extent of 
reaction, ROI of injection wells, etc. 



TABLE 3 (CONTINUED) 

Analytical Sample Collection & Analysis Program: 

VOCs and Freons 
in Groundwater 

Metals in 
Groundwater 

O W  in 
Groundwater 

TOC in 
Groundwater 

Chloride in 
Groundwater 

Baseline prior to injection, Once on day 
following initial injection, Once on last day 
days of injection, Weekly thereafter until field 
monitoring indicates completion of reaction.. 

Baseline prior to injection, Once on day 
following initial injection, Weekly thereafter 
until field monitoring indicates completion of 
reaction.. 

Baseline prior to injection, Once on last day 
days of injection, Weekly thereafter until field 
monitoring indicates completion of reaction.. 

Baseline prior to injection, Once on day 
following initial injection? Once on last day 
days of injection, Weekly thereafter until field 
monitoring indicates completion of reaction.. 

Baseline prior to injection, Once on day 
following initial injection, Once on last day 
days of injection, Weekly thereafter until field 
monitoring indicates completion of reaction.. 

Indicates effectiveness and degree of 
completion of reaction, residual 
contaminant levels, etc. 

Indicates potential bi-products of reaction, 
ion formation, etc. 

Assist in evaluating reaction effectiveness 

Indicator of soil and groundwater oxidant 
demand, input parameter for model 
verifications, extent of reaction indicator, 
etc. 

Indicates potential bi-products of reaction, 
degree of reaction completed, etc. 
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1. Introduction 

A groundwater remediation program is being implemented at a facility located at Glen Cove, 

New York (GCNY). The groundwater at the site is contaminated with volatile organic 

compounds (VOCs) that primarily include tetrachloroethylene (PCE), trichloroethylene 

(TCE), dichloroethylenes (DCEs), vinyl chloride (VC) and two freons (i.e., chloro- 

tri flouoroethene and 1,1,2-trichloro- l,2,2-trifluoroethane). 

In-Situ Chemical Oxidation is being evaluated as the remedial technology for the restoration 

of the GCNY site. Potassium permanganate (KMn04) is the oxidant that is evaluated as the 

oxidant to be used in this site. The Environmental Research Institute (ERI) of the University 

of Connecticut was retained by Enviro-Sciences Inc. (ESI) to conduct bench-scale tests for 

evaluating the feasibility of using KMn04 to destroy PCE, TCE, DCEs, VC and freons. In 

particular, the study has focused on the following: (1) a preliminary characterization of the 

site soil and groundwater (2) the degradation of target VOCs by permanganate ions in the site 

groundwater (3) the determination of oxidant demand for the actual site soil (4) the impact of 

oxidant injection on soil metal leaching. 

2. Goals of Proposed Tests 

Four bench-scale tests recognized as Tasks 1 A, 1 By 1 C and 1 D were conducted. 

Task 1A: Preliminary soil and groundwater characterization 

r Task 1B: Oxidation of VOCs in the site contaminated groundwater by KMn04 

Task 1C: Determination of oxidant (KMn04) demand of the GCNY site soil 

r Task ID: Examination of the extent of metals leaching from soils due to KMn04 

oxidation 

The goals of the tests were to investigate the feasibility of using KMn04 to remediate the 

VOCs at the GCNY site. In addition, the oxidant demand of the actual site soil and the 

impact of oxidant injection on metal leaching from the site soil were determined. 

Investigation methods used to fulfill the proposed tests are described below. 



3. Experimental Section 

3.1 Soil and Groundwater Characterization (Task 1A) 

The characteristics of the site soil and groundwater are valuable and useful for data 

interpretation of the proposed tests and for future field applications. Duplicate soil samples 

(sample ID TS 1-S) and groundwater samples (sample ID TSl-GW), collected near MW- 

12PS, were characterized for parameters including metal content [e.g., iron (Fe), aluminum 

(Al), manganese (Mn), chromium (Cr), arsenic (As), selenium (Se) and lead (Pb)], pH and 

total organic carbon content (TOC). The soil was also characterized for its grain size 

distribution. A list of the analysis methods employed is summarized in Table 1. 

Selection of Sample Soil and Groundwater for the Tests 

Five soil samples (labeled as TS1-S to TS5-S) and five groundwater samples (labeled as 

TSl-GW to TS5-GW) were collected from the GCNY site on 03/14/01 and delivered to ERI 

on 03/15/01 by ESI. The groundwater samples were first analyzed for their VOC levels by 

the SW-846 8260 method. The results showed that the TS I -GW groundwater contained all 

targeted VOCs [i.e., chlorinated ethenes (CEs) and freons]. Thus, TSl-S soil and TSI-GW 

groundwater were selected as the media for this study. 

Sampling for Characterization of Metals and TOC in Soil (TSl-S) and 
Groundwater (TSl-GW) 

Samples for metal and TOC analysis were collected in duplicate from the TSl-S soil and 

from the TSl-GW groundwater, both samples were stored in 2-L amber glass jars and 

preserved at 4 OC after being received. Sampling of the GCNY soil for metal analysis 

involved pIacing approximately 25 g of soil from the soil container into two 20-mL glass 

vials. The two vials were capped and delivered to ERI's Metal Laboratory for metal 

analysis, following ERI's QNQC protocol. Two 40-mL glass vials were used to colIect the 

TSI-GW groundwater. The level of selected metals (i.e., Fe, AI, Mn, As, Cr, Se and Pb) in 

both soil and groundwater samples was determined using an induced-couple plasma atomic 

emission system (Perkin-Elmer ICP-Optima 3300 XL) or a graphite furnace atomic 

adsorption system (Perkin-Elmer Zeeman 5 100 PC). 



Samples for TOC analysis were collected in duplicate into two 20-mL glass vials for both the 

sample soil and groundwater. These samples were delivered to ERI's Nutrient Laboratory 

for TOC measurement using CHN Elemental Analyzer (for soil samples) or TOC Analyzer 

(for groundwater samples). 

Soil pH Measurement and Grain Size Analysis 

The soil pH measurement is performed by following SW-846 Method 9045C, an 

electrometric procedure for measuring pH in soils, sludge and waste samples. The 

measurement of the soil pH involved adding 20 g of the site soil (with moisture content of 

8.1% by weight) and 20 mL of D.I. water in a 50-mL beaker. The beaker was covered with 

aluminum foil and continuously stirred for 5 minutes. The soil suspension was then let to 

stand for 1 hour to allow most of the suspended particles to settle down. The soil pH was 

determined by measuring the pH of the supernatant in the soil-water mixture. 

The grain size distribution of the GCNY soil was determined following ASTM Method D 

422-63. The fiaction of gravel, sand, silt and clay in the sample soil was determined using a 

series of sieves of specified openings 

3.2 Oxidation of VOCs in the GCNY Groundwater by KMn04 (Task 1B) 

The ability of KMn04 to degrade VOC contaminants in the site groundwater was 

investigated in three sets of batch experiments (1 B- 1, 1 B-2 and 1 B-3), 1 B- 1 and 1 B-2 being 

two experiments with KMn04 in different doses (i.e., 0.25 g/L and 1 g/L) and 1B-3 being a 

control experiment (i.e., without adding KMn04 solution). Five groundwater samples were 

analyzed for its VOC levels prior to usage in the tests. The TS 1 -GW groundwater was found 

to have VOC levels that were comparable to those reported in an early site investigation 

report. It was thus selected as the media for the Task 1B study. 

The experiments, as shown in Table 2, were conducted under isothermal, completely mixed 

and headspace free conditions using syringe reactors (Figure 1). A typical experimental 

system consisted of a 100-mL gas-tight glass s j ~ i n g e  connected to a sampling syringe by 

means of a control valve and her-lock fitting. The loss of VOCs due to evaporation was 

minimized by maintaining a zero-headspace condition in the reactor by moving the plungers 



of both the sampling and reactor syringes simultaneously during the injection of reactants or 

sampling. At least two samples were collected each day from the reactor and analyzed by a 

GC-MS system for VOC levels. The samples after being collected were immediately 

quenched with 5 (1B-1) or 20 pL (1B-2) of 1N sodium thiosulfate (Na&03) to stop the 

reactions between KMn04 and VOCs. Other parameters including pH, chloride and KMn04 

concentrations were monitored only in the beginning and at the end of the experiments. The 

experiments were continued for a period of three days (72 h). A list showing experimental 

conditions and monitored parameters for Task 1B is shown in Table 2. The tests established 

the VOC degradation by KMn04 oxidation against time. 

In a typical run, -1 10 mL of contaminated site groundwater (preserved at 4 "C) and a Teflon- 

coated stirrer bar were first placed into a syringe reactor. Two samples (5 mL each) were 

then collected from the reactor and injected into 43-mL volatile organic analysis (VOA) vials 

that had deionized (DI) water of 38 mL. These two samples were used to determine initial 

VOC levels in the reactor. Subsequently, 2.5 mL of stock KMn04 solutions (10 g/L for 1B-1 

and 40 g/L for 1B-2) was injected into the reactor to obtain a desired initial KMn04 

concentration (i.e., 0.25 g/L and 1 g/L) and to initiate the reactions. A control experiment 

(without KMn04 injection, Task 1B-3) was conducted paralleled to Tasks 1B-1 and 1B-2 to 

elucidate the degradation of targeted VOCs by w n 0 4  oxidation. Parameters such as 

chlorinated ethenes and two detected freons were monitoring with time by the GC-MS 

analysis. Other parameters including KMn04, chloride and pH were measured in the 

beginning and at the end of the experiment. 

Measurement of Monitored Parameters (KMnO4, chloride and pH) 

KMn04 concentrations were determined using an UV-VIS spectrometer (Milton Roy, 

Spectronic 601). The instrument was set-up for this particular experiment at the wavelength 

of 526 nrn, where KMn04 shows its maximum of light absorbance. m n 0 4  samples were 

filtered using 0.45 pm filters and measured immediately after sampling. The concentration 

of KMn04 was obtained using a pre-built calibration curve, which relates the absorbance as a 

function of the concentration. Chloride was determined using an ion chromatograph (Dionex 



DX-500) equipped with an ion exchange column (Dionex Ionpac 4 mm AS9H). All the pH 
sr 

determinations were made using a pH meter (Accumet, Fisher Scientific). 

3.3 Determination of Oxidant Demand of the GCNY Soil (Task 1C) 

The GCNY sample soil was determined for its KMn04 demand through a set of vial 

experiments performed in duplicate. The experiments were conducted using a vial rotator 

system (minimizing the breakdown of soil particles) under various KMn04Isoil ratios (e.g., 1 

mg/g, 2 mgg,  4 mg/g, 8 mg/g, 16 mg/g, 40 mgg)  at 20 "C (Figure 2). A summary of the 

experimental conditions is shown in Table 3. KMn04 concentrations were monitored every 

two to three days during the test. The soil oxidant demand (SOD) was determined using 

equation 1 .  

where V = total volume of KMn04 solution in the vials; Co = initial KMn04 concentration; 

C, = KMn04 concentration at the relatively steady state or at 14 days reaction period; ms,-j, = 
e 

the mass of dry soil in reactors 

The test was terminated and the SOD was calculated when KMn04 concentration reached a 

steady state condition or the experiments reached a 14-day testing period (whichever came 

first). The results of the test provided the oxidant demand of the GCNY soil and the 

information on reactivity of the site soil with KMn04. 

3.4 Impact of KMn04 oxidation on Soil Metal Leaching (Task ID) 

The impact of KMn04 oxidation on the leaching of several metals (i.e., Pb, Cr, As and Se) 

from the soil was investigated by determining the increase in dissolved metal ions in the 

samples (made in Section 3.3) at the end of the test. The amount of the increase in dissolved 

metal ions was determined by comparing the metal ion concentrations of control samples 

with those of the KMn04-containing samples. The pH and oxidation-reduction potential 

(OW) of all samples were measured so that the correlation between metal leaching with pH, 

'e 
ORP and KMn04 concentration could be established. The results of Task ID provide the 



information on the impact of KMn04 injection on the leaching of metal ions from the site 

soil. 

4. Results and Discussion 

4.1 Soil and Groundwater Characterization (Task 1A) 

The soil and groundwater collected from a location near MW-12PS at the GCNY site were 

characterized for VOCs, metals, TOC and pH. The metal contents of the sample soil and 

groundwater are listed in Tables 4 and 5, respectively. The GC-MS analysis data of the TS 1 - 
GW groundwater is shown in Appendix A. The results indicate that the groundwater is 

contaminated by cis-1, 2-DCE (374 pg/L and 375 pg/L), TCE (91.1 pg/L and 93.8 pg/L), 

VC (27.7 pg/L and 24.6 pg/L) and two freons (i.e., chloro-triflouoroethene and 1,1,2- 

trichloro-1, 2, 2-trifluoroethane). The two detected freons are not in the chemical list of the 

EPA SW-846 8260 method and their quantification standards are currently not available in 

the market. Therefore, integration area based on the GC-MS chromatogram was used to 

evaluate their degradation in this study. Two other contaminants (i.e., m-xylene + p-xylene 

(7.2 pg/L and 7.3 pg/L) and dichloromethane (18 pg/L) were also found in the TSl-GW 

groundwater. 

The metal analysis indicates that iron (5260 mgkg and 5 160 mgkg) and aluminum (1558 

mg'kg and 181 1 mgkg) are relatively abundant in the sample soils (Table 4). Se, As and Cr 

are three metal elements whose mobilization due to KMn04 injection is of concern. The soil 

contains Cr in the level of 9 to 14 m a g  and has As and Se close to the instrument detection 

limits (Table 4). 

Grain size analysis shows that the sample soil primarily consists of fine sand (32%) and silt 

(32%) mixed with medium and coarse sand (1 8%), gravel (12%) and clay (6%) as shown in 

Figure 3. This soil has a pH of -8.0 and a total organic carbon content of 4 . 1  %. 

The TSl -GW groundwater contains iron (9960 pg/L and 10900 pgJL), aluminum (5 170 pg/L 

and 5710 pg/L) and manganese (35 10 pg/L and 3520 pg/L) (Table 5). As and Se are below 



the instrument limit and Cr is in the level of 22 to 24 pg/L. The sample ground water has a 

pH level of 6.8 and a TOC level of 29 mg/L. 

4.2 Oxidation of VOCs in the GCNY Groundwater by KMnOs (Task 1B) 

The ability of KMn04 to degrade target VOCs (i.e., PCE, TCE, DCEs, VC and freons) in the 

GCNY groundwater was investigated at 20 "C and under completely mixed conditions. 

Three sets of batch experiments under various reaction conditions were conducted (Table 2). 

In the first and second set (1B-1 and 1B-2), different concentrations of KMn04 solutions 

(i.e., 0.25 g/L and 1 g/L) were employed separately to degrade VOCs in the site groundwater. 

The third set (1B-3) was the control experiment where no oxidant was added in the reactor. 

Degradation of PCE, TCE, cis-DCE and VC in the three sets of batch experiments is given in 

Figures 4 to 6, TabIe 6 and Appendix B (showing the GC-MS raw data of Task 1B samples). 

The results indicated that KMn04 degraded both VC and cis-DCE within 2 hrs (the first 

sampling point). TCE and PCE were degraded to below their method detection limits (-1 

pg/L) within 32 h. The ability of KMn04 to degrade PCE, TCE, cis-DCE and VC is 

illuminated when comparing the data of 1B1 and 1B2 experiments with that of 1B-3 (the 

control experiment). The control experiment in which no oxidant was added showed 

relatively constant concentrations of VOCs in the GCNY groundwater during the experiment. 

Indeed, the behavior of rapid degradation of chlorinated ethenes (CEs) including PCE, TCE, 

DCEs and VC by KMn04 was expected. While the degradation rates of these compounds 

were too fast to determine under the test conditions (i.e., low CE concentrations), the kinetics 

data of oxidation of CEs with KMn04 can be found in the literature (Huang et al., 2001). 

The kinetics study by Huang et al. (1999 and 2001) indicates that KMn04 can completely 

mineralize CEs (i.e., oxidatively transform CEs into chloride and carbon dioxides). 

Pemanganate is primarily reduced to manganese oxides during the reactions. The final 

products of KMn04 oxidation of CEs are nontoxic to the environment. 

Of the two detected fieons, chloro-triflouroethene was rapidly degraded (i.e., within 2 h) in 

KMn04 solutions in sets 1 -B1 and 1 -B2 (Tables 7 and 8) while 1,1,2-trichloro-l,2,2-trifluoro 

was degraded in a relatively slow rate. However, it is expected that both ferons may go 

further to completion once the oxidant remains in the solutions. Additionally, in 1B-3 (the 



control experiment), degradation of 1,1,2-trichloro-1,2,2-trifluoro ethane was observed, 

indicating biological activities might have occurred in 1B-3 during the experiment. Of the 

two other trace contaminants found in the groundwater, m-xylene and p-xylene were rapidly 

degraded by KMn04 while dichloromethane showed little reaction with KMn04 (Appendix 

B). 

The pH, chloride and KMn04 were measured for all the three sets in the beginning and at the 

end of the experiments. The results are shown in Table 9. The average pH value was 6.84 

for all the three sets in the beginning and was 6.74 for 1B-1, 6.86 for 1-B2 and 6.96 for 1-B3 

at the end of the experiments. KMn04 concentrations decreased from 250 mg/L to 195 mg/L 

in 1B-1 and from 1000 mg/L to 773 mg/L in 1B-2. The chloride concentration in 1B- 1 and 

1B-2 remained -45 mg/L because the influence from dechlorination of the VOCs (in pg/L 

level) in the sample groundwater was not significant. 

4.3 Oxidant Demand of the GCNY Soil (Task 1C) 

The oxidant demand of the GCNY soil was determined through a set of vial experiments 

under various KMn04/soil ratios and a waterlsoil ratio of -4:l at 20 OC. The results are 

shown in Figures 7 and 8, where the KMn04 concentration (in CICo) versus time (h) was 

made to show the consumption tendency of KMn04 in the actual site soil and in DI water, 

respectively. It is evident that KMn04 concentrations remained nearly unchanged in DI 

water over the course of the test (Figure 8), while KMn04 degraded in the GCNY soil 

(Figure 7 and Appendix C). KMn04 concentration in higher KMn04 dose vials (i.e., 4 g/L) 

decreased rapidly in the early stage and slowed down after a reaction period of 120 h. Since 

the KMn04 concentration remained relatively constant in control experiments (with no soils), 

the consumption of KMn04 in the site soils revealed the demand of soil constituents for 

KMn04. For lower concentration vials (0.25 g/L), KMn04 concentration changed more 

rapidly during the tests and it was almost completely consumed by 336 h. 

The data, observed in the test period of 14 days, was used to determine the SOD using 

equation 1. The results as shown in Figure 9 and Appendix D indicated that the SOD of the 

GCNY soil varied from -1.0 to 4 g KMnO&g soil, influenced by the oxidant concentration. 

The SOD increased as the dosed KMn04 concentration increased, most likely because the 



reactivity of permanganate with many organic and inorganic compounds is greater in a 
b 

higher KMn04 concentration. In addition, soil-induced KMn04 decomposition may also 

contribute in a significant degree to the observed phenomena. 

4.4 Impact of KMn04 oxidation on Soil Metal Leaching (Task ID) 

The impact of KMn04 concentration and ORP on the mobility of four selected metals (i.e., 

Pb., As, Cr and Se) of environmental concern was investigated. The change in dissolved 

concentrations of the four selected metals after 14 days of tests is shown in Table 10 and 

Appendix E. The data indicates that As remained in not-detected level while Cr, Pb and Se 

had little increase (in pg/L level) at the end of the tests. The increase in Se is likely from the 

impurities of KMn04 used in this study since the Se level in both the sample soil and 

groundwater is not detected. The slight increase in Cr, most likely the hexavalent Cr under 

the test conditions, is possibly mainly due to the oxidation of naturally occurring chromium 

oxides in the soil. However, the increased level (e.g., 102-215 pg.L) is likely to be 
I 

attenuated by natural soils through both adsorption onto soil surface or by soil reducing 

b~ capacity. The impact of KMn04 oxidation and increased ORP during the tests on the metal 

leaching of As, Pb, Se and Cr from the GCNY soil appears to be insignificant. 

5. Conclusions and Recommendations 

CUNCL USIUNS: 

This study was conducted to investigate the feasibility of using KMn04 as the in-situ oxidant 

to degrade VOC contaminants at the GCNY site. In addition, the oxidant demand of the 

GCNY site soil was determined, and the impact of KMn04 injection on metal ion leaching 

from the soil was evaluated. ~ a s e d  on the experimental results, the following conclusions 

were made: 

KMn04 rapidly degraded PCE, TCE, cis-1,2-DCE, VC, chloro-trifluoroethene and 

xylenes in the GCNY sample groundwater under the experimental conditions. 



Remediation of soil and groundwater contaminated with the above compounds by in-situ 

KMn04 oxidation is a feasible and effective alternative. 

The degradation of 1,1,2-trichloro-l,2,2-trifluoroethane in the control experiment implied 

that active biological activities might have occurred in the control experiment during the 

test. In addition, 1,1,2-trichloro-l,2,2-trifluoroethane in the site groundwater was slowly 

degraded by KMn04 oxidation. 

. The oxidant demand of the GCNY soil was in the range of 1-4 g k g  soil for KMn04 and 

it appeared to increase with the increase in KMn04 concentration. 

The soil has a low oxidant demand. KMn04 consumption by soil substances is not 

considered a hindrance to the use of in situ KMn04 oxidation technologies. 

The sample soil contains Cr in the level of 9 to 14 mgkg and has As, Pb and Se close to 

or below the instrument detection limit (0.199 mgkg). The data in Table 10 indicates 

that the impact of KMn04 injection on the metal leaching of As, Pb, Se and Cr fiom the 

GCNY soil is not significant. 

RECOMMENDA TIONS: 

This feasibility study illuminates the ability of KMn04 to destroy VOCs including PCE, 

TCE, cis-1,2-DCE, VC, chloro-trifluoroethene and xylenes in the GCNY groundwater. It 

appears that In Situ KMn04 Oxidation is a feasible remedial technology for the GCNY site. 

To enhance the effectiveness of KMn04 oxidation in the remediation application, based on 

the experimental results, ERI recommends the followings: 

The GCNY soil has a low KMn04 demand, and the decomposition of KMn04 in the soil 

matrix is slow. Thus, a low KMn04 dose (e.g., 1 g/L or 2 g/L) is recommended to be 

used during the remediation application. 

The pennanganate oxidation technology, like other chemical flushing technologies, 

requires delivery of the oxidant to contaminants. While the ability of KMn04 to destroy 

VOCs and the suitability of the oxidant being used in the site soil have been 

demonstrated, the success of using this technology for clean-up of the contaminated site 

depends on whether the oxidant is able to contact the contaminants. Thus, a precise site 



investigation and characterization is suggested so that an effective oxidant delivery 

system can be developed. 
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Table 1. A Summary of Analytical Methods Used in the Study 

size analysis and standard sieves 
KMn04 Spectrophotometer (Milton Roy) Colorimetric method 
VOCS GC-MS USEPA SW-846 8260 

-Total organic Carbon TOC Analyzer (for groundwater) and Standard methods for water 
CHN Analyzer (for soil) and soil 

Metals (Fe, Al, Mn, ICP-AESJOES or AA-GFAAS 3050A for digestion1601 0A for 
ICP or 7000A for GFAA (SW- 

Pb, Cr, As and Se) 846) - 



Table 2. Experimental conditions of Task 1B conducted to investigate the oxidation of 
VOCs in the GCNY groundwater by KMn04 

batch Set 1 VOCs in the contaminated (0.25 g/L) 
* (1B-1) GCNY groundwater 

groundwater by 

batch Set 2 VOCs in the contaminated (1 d L )  
(1 B-2) groundwater 

groundwater by 
KMn04 

Aqueous Control VOC- None 
( batch Set 3 1 experiment I contaminated 1 

(IB-3) 1 groundwater 1 
Note: KMn04, pH and chloride were measured in the beginning and at the end 

KMn04 and 
chloride 

KMnO, and 
chloride 

and chloride T"T"""" 
of each run. 



Table 3. Test conditions of the vial experiments for determining soil oxidant demand 

1 
2 
3 
4 

Note 1. All experiments were conducted in duplicate. 

GC* Site Soil 
GCNY Site Soil 

5 
6 

- 

GCNY Site Soil 
GCNY Site Soil 

0.25 
0.5 

GCNY Site Soil 
GCNY Site Soil 

1 
2 

1 
2 

4 
10 

- 4:l 
-4:l 

4 
8 

- 4:l 
- 4:1 

16 
40 

- 4:l 
- 4:l 



Table 4. Results of metal characterization of the GCNY site soil 

ES-soil-M(D) 0.748 1.80 ND 1811 8.73 5160 195 

Detection Limit 0.199 0.199 0.199 0.496 0.248 0.496 0.248 

Note: (D) = duplicated 



Table 5. Results of metal characterization of the GCNY site groundwater 

Detection Limit 11414 4 '  10 

Note: (D) = duplicated 



Table 6. Degradation of VOCs by KMn04 against time in the GCNY groundwater 

N.D.7 Non-detected 

3 2 
48 
56 
72 

NDMD 
ND 
ND 

NDMD 

ND/ND 
ND 
ND 

NDND 

NDND 
ND 
ND 

NDND 

ND/ND 
ND 
ND 

ND/ND 



Table 7. Degradation of chloro-triflouroethene by KMa04 with time in the GCNY 
groundwater 



Table 8. Degradation of 1,1,2-trichloro-l,2,2-trifluoro ethane by KMn04  with time in 
the GCNY groundwater 



Table 9. The pH, chloride and KMn04 in the beginning and at end of Task 1B 
experiments 

Samples 

l B 1  
1B2 
1 B3 

$ t <  "p. - >  ~"i"," v .  6 

, . ; Time (hr) ' 1 c  

' 
I fa-  z : 0'' $ .L" - _  72 :>  

' ' KMo04, 
rnf i  
250 
1000 

0 

pH 

6.74 
6.86 
6.91 

pH 

6.84 
6.84 
6.84 

chloride; ih& 

44.15 
43.93 
45.28 

chloride, mgL 

44.24 
44.4 

44.84 

KMn04,* 
m a  
1 94.72 
772.86 
Control 



Table 10. The dissolved concentrations of Pb, As, Cr and Se in Task 1D vials after a 
reaction period of 14 days 

' 0104025-ES-0.25 = Sampling date-ESI sample soil-KMn04 concentration 
I I I I I I I I 

,-. 
Parameters measured at the end of the tests. 



Figure 1.  The syringe reactor system used in Task 1B experiment 



Figure 2. The rotator system used to determine soil oxidant demand 
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Fi~ure 3. Grain size distribution of the GCNY samole soil. 
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Time (Hours) 

+ Vinyl chloride - . i . . -  (cis)-1,2 DCE 

. x . - Tetrachloroethene ! 

Figure 4 .  Degradation of PCE, TCE, cis-1,2-DCE and VC by KMn04 in 
Task 1B-1. Temp. = 20 "C; Initial concentration = 0.25 g/L KMn04 



Time (Hours) 

--e- Vinyl chloride - - - w-  . . (cis)- 1,2 DCE 

Figure 5 . Degradation of PCE, TCE, cis-1,2-DCE and VC by KMn04 
in Task 1B-2. Temp. = 20 "C; Initial concentration of 1 g/L KMu04 



- --+. . Vinyl chloride - - -I- - - (cis)- 1,2 DCE ! I 
I 

--A-- TCE , - - x- - - Tetrachloroethene I 
I 

. .. ~---- 
Figure 6. The variation of PCE, TCE, cis-l,2-DCE and VC during Task 
1B-3 (the control experiment). = 20 "C; KMn04 concentration = 0 g/L 
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Time, h 
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Figure 7. KMn04 concentration (in C/Co) versus time during the SOD 
tests for the GCNY soil. Temp. = 20 OC; Rotator rpm = 0.7; ES-2 = 

GCNY soil with initial concentration of 2 g/L KMn04 



Time, h 

Figure 8. KMn04 concentration (in CICO) versus time during the SOD tests 
in the control experiment 



Figure 9. Oxidant demand of the GCNY soil, determined in a reaction period 
of 14 days. 



APPENDIX A: 

The GC-MS analysis raw data of TS-1 GW 
sample groundwater (in duplicate) 





Environnlental Research Institute 
The University of Connecticut 

\'olatilc Organic Compc~und ES TREATBILITY TEST 
Sample Identification: LAB BLh' Reporting Datc: 3/27/0 1 
Laboratory Identification: Sample Matrix: Aqucous 
Sampling Date: Rcport Data 1:ilc: 010 103251,.xls 
Sample Receiving Ilatc: I<;~rv Data I ~ c :  01032503 11 



- 
. . Ca~t~puuad 

Uihrnn~ofluomn~ctl~ane(surr I  ) 
1.2dichlaocthans-dJ(sw?.) 
lo tuena-d8(~~)  
4-hromofluombent~c(~u1~4) 

M) - Xot Dctcotrd 

Kcrcrc cry ( O h )  

102 
1 O? 
101 
102 

Li~nit  (%) 
NO-1 I  ti 
80-1 I t i  
80-1 16 
80-1 20 

Conditiw 
t ;as5 
P ~ S S  
pass 
pass 





APPENDIX B: 

The GC-MS analysis raw data of Task 1B samples 
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Environmental Research Institute 
The University of Connecticut 

\'olatilc Organic Compound Results, Project: ESl'rcatihllity Tests 
Sample Identification: STMIX40 PPB Reporting Date: 411 1/01 
Laboratory Identification: Sample b1;ltrix: Aqueow 

Sampling Date: Report Data I'ilc: 0 1040Y.xls. 
Sample I~eceiving Datc: R;IW Data Fi!c: 01040904.0 
Datc Analwlrd: 04/9/20 - 1 ~ 2 :  hlcthod: EI'A-8760 



Environmental Research Institute 
The University of  Connecticut 

Volatile Organic Cumpound Results, Project: ESTrcalihility Tests 
Samplc Identification: ST MIX 40 PPB ULTRA I<cporting Datc; 4/11/01 

Lahnratory Identification: Sample Rlutrin: Aqueous 

Sampling Date: Kcport Data File: 0 10409.~1s.  
Sample I<ecciving I)i~lc: Raw Data Filc: 01040905.D 



Environmental Research Institute 
The University of Connecticut 

\'c~latile Organic Ccmpound Results, I'roject: ESTreatihility Tcsts 
Sample Idcntifica~finn: ST MIX40 PPB Reporting Date: 411 1/0 1 
1,nhnrattrry Identification: Sample Matrix: Aqueou. 
Sampling Date: Report Data Filc: 01040Y.xls. 
Sample I<cceiving Date: Raw Data Filc: 01040933.D 
Date hal\-/rd: Rlcthod: EPA-8260 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Prujcct: ESTreatibflity Tests 
Samplc Identification: STMIX40 PPB ULTRA Reporting Date: 4/11/01 
Luhoraton Identific~tirm: Sample Matrlx: Aqueou~ 
Sanlpling Ilatc: Report Data File: 0 10409 .~1~ .  
Samplc Rccci~ing Di~tc: Raw Data File: 0 1040934.D 

Method: EPA-8760 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatiblllty Tests 
Sample Identification: LAB BLK Reporting Datc: 4/11/01 
Laboratory Identification: Sample Matrlx: Aqueous 

Sampling Date: Report Data Flle: 010409.~1s. 
Sample Receiving Date: Raw Data File: 01040910.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatibllity Tests 
Sample Idcntiflcation: LAB BLK (SPI) Reporting Date: 4/11/01 
Laboratory Idcntificution: Sample Matrix: Aqueous 

Sampling Date: Report Data File: 010409 .XIS. 
Sample Receiving Date: Raw Data File: 01040907.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatihility Tests 
Sample Identification: 18403-1B1-Oh Repnrtlng Date: 4/11/01 
Laboratnry Identification: 0104012401 ,- Sample Mutrix: Aqueouq 

Sampling Date: 41610 1 Report Data File: 0 10409 .xis. 
Sample Receiving Date: 4/9/01 Raw Data File: 01040915.L) 



Environmental Research Institute 
The University of  Connecticut 

Volatlle Organic Compound Results, Project: ESl'rent1hilit)r Tests 
Sample Identification: 1 0403-181-O(D) Heprting Dale: 411 1/01 
Laboratory Identification: 0104012-002,- Sample Matrix: Aqueou 

Sampllng Date: 4/UO 1 Itcport Date File: 01040Y.xIs. 
Sample Receiving Date: 4/9/01 Itaw Data I'ilc: 01040916.D 
Date Analwed: 04/9/70 -l:9: Method: 



Environmental Research Institute 
The University of Connecticut 

Voletile Organic Cnmpound Results, l'rojcct: ES'l'rcatihility Tests 
Sample Identification: 14403-IB2-011 Repnrtlng Date: 411 1/01 
Lahoratnry Idcntificetion: 0104012-003- Samplc Matrix: Aqueous 

Sampling Date: 41610 1 Report Data I:ile: 01 0409 .XIS. 
Sample Recciting Datc: 4/9/01 Rsw Data I:ilc: 010409 17.D 
Date Analvrcd: 04/9/20 -1:O: Method: EI'A-8260 



Environmental Research Institute 
The University of Connecticut 

\'olatile Organic Cumpound Results, Project: ESTreatlblllty Tests 
Sample Identification: 10403-182-0(0) Reporting Datc: 4/11/01 
I,ahcrrat~rry Idcntificution: 0104012-004- Sample Matrix: Aqueous 

Sampling Ihtc: 4/6/0 1 Rcport Data Filc: 0 10409.xls. 
Sample I<ecciving Ihtc: 4/9\01 Raw Data File: Ol040Y18 D 

04/9/20 -1:O: Method: EPA-8260 

108-88-3 
10061-02-6 
79-00-5 
142-28-9 
127-18-4 

Toluene 
(trans)-12-Dichloropropcnc 
1,1,2-Trichlorocthanc 
13-Dichlorupmpane 
Tctrachlorocthcm 

ND 
No 
ND 
ND 
1.3 

0.1 
0.1 
0.3 
0.2 
0.2 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Cornpund Results, Project: ESTreatlbllity Tests 
Sample Identification: 10403-1 B3-Oh Reporting Date: 411 1/01 
Laboratory Identificatirrn: 0104012-005,- Sample Matrix: Aqueous 
Sampling Date: 4/6/0 1 Report Data File: 01 0409 .XIS.  
Sample Receiving Datc: 4/9/01 Raw Data File: 0104091Y.D 

75-01-4 IClilorocdiene(Vinyl Chloride) I 6.3 1 0.2 
74-83-9 1 Uronwlrrlhnne ND 0.2 1 

Date ,hal!urd: 04/9/70 -I:]:  Method: EPA-8260 
CAS Nunrbcr 

75-71-8 
74-57-3 

L 

75-69-4 
75-35-4 
75-09-1 

01634-01-4 - 
156-60-5 
75-34-3 
78-93-3 

594-20-7 
156-59-2 
74-97-5 
67-66-3 

Nsmr 
Dichlorodifluoromtl~nnc 
Clloromrthnnr 

Tnclllorofluoromelhanc 
1,l-Dicllloroc~~,l-~ic~orocthr-ncfl~ 

Dichloromlhanr 
MTBE 
(bans)-1,2-Dichloroclhene 
1,l-Dichlorocthnne 
Methyl Ethyl Kclom (MEK) 
2.2-Dichloropropnne 
(cis) 1,2-Dichloroethene 
Bronochloromthanc 
Chloroform 

Conrrntntion(uglL) 
ND 
ND 

M D  L (ux/L) 
0.3 
0.1 

ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
31.8 
ND 
ND 

0.  I 
I 
I 

0.3 
0.3 
0.1 

1 
0.1 
0.1 
0.3 
0.1 



Environmental Research Institute 
The University of Connecticut 

V701at[lc Organic Compound Results, Project: ESTreatlbllily Tests 
Sample Identlficatinn: 10403-IBI-2h Reporting Date: 4/11/01 
Lahorntory Identification: 010401 2-006 Sample Matrix: Aqueous 

Sampling, Date: 4/6/0 1 Report Data Filc: 010409.xls. 
Sample Receiving D:~te: 4/Y/O 1 Raw Data File: 01040920.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound licsults, Project: ESTreatlblllty Tests 
Sample Identlficatlon: 10403-IBZ-2h Reportlng Date: 411 1/01 
Laboratory Identification: 0104012-007 Sample Matrix: Aqueous 

Sampling Date: 4/6/0 1 Report Data File: 01040Y.xls. 
Sample Recelving Date: 4/9/01 Raw Data File: 01040Y21.D 





Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTrcatibility Tests 
Sample Identification: 10403-IBI-811 Reporting Date: 4/11/01 
Laboratory Identification: 0 104012-009 Sample Matrix: Aquuous 

Sampling Date: 4/6/0 1 I<cport Data Filc: 010409.xls. 
Sample Receiving Date: 4/9/01 Raw Data Filc: 01040913.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: 1':STrcatihility Tests 
Sample Identlficvtion: 10403-1 B2-8h Reporting Datc: 411 1/01 
Laboratory Idcntificatinn: 0104017-010 Sample Matrix: Aqucouq 

Sampling Datc: 4/ 610 1 Rcpnrt Data I:ilc: 01 0 4 0 9 . ~ 1 ~ .  
Sample I<ecci\ing Date: 4/9/01 Haw Data Filc: 01040924.D 



Environmental Research Institute 
The University of Connecticut 

\'olatilc Organic Compound Rcsults, Project: ESTreetihllity Tests 
Sample Identification: 10403-lB3-8h Reportlng Dare: 411 1/01 

Laboratc~ry Identification: 0104012-01 1 Sample Matrix: Aqueous 

Sampling Date: 4/ 610 1 Report Data File: 010409.xls. 
Sample Iteceiving I h k :  4/9/01 Raw Data File: 0 1040925.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatlbllity Tests 
Sample Idcntificatlnn: 10404-IBI-22h Reporting Date: 411 1/01 
Laboratory Identification: 0104012-012 Sample Matrix: Aqucaw 
Sampling Datc: 4/G/O 1 Report Data File: 01 0409.~1~. 
Sample Rccelving Date: 4/9/01 Raw Data Fllc: 0 1040926.D 
Date An~lyuxl: 04/10/20 -1:4: hlcthod: EPA-8260 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Rcsults, Project: ESTreatiblliQ Tests 
Sample Identification: 10404-lB2-22h Reporting Date: 411 1/01 
Laboratory Identification: 0104012-0 13 Sample Matrix: Aqucou.. 

Sampling Date: 41610 1 Report Data File: 0 10409.~1s. 
Sample Receiving: Date: 4/9/01 Raw Data File: 01040927.D 



Environmental Research Institute 
The University of Connecticut 

Volatllc Organic Compound Results, Project: ESTreatibllity Tests 
Sample Identification: 10404-IB3-22h Reporting Date: 411 1/01 
Laboratory Idcntification: 0104012-014 Sample Matrlx: Aqueous 

Sampling Date: 4i610 1 Report Data File: 010409 . X I S .  
Samplc Receiving Date: 4iYIO 1 Raw Data File: 01040928.D 
Date Anal\md: OM OR0 -1:6: Method: EPA-8260 



Environmental Research Institute 
The University of Connecticut 

Volatilc Organic Compound Results, Projcct: ESTreatihility Tests 
Sample IdentiTrcatlnn: 10404-IB1-32h Rcportlng Datc: 4/11/01 
Laboratory Identificetiun: 0104012-015 Sample Matrix: Aqueouq 
Sampling Date: 4/6/0 I Rcport Data File: 010409.~1s. 
Sample Receiving Date: 4/9/01 Raw Data File: 01040929.D 
Date AnalwA: 04/1 OR0 -1: 7: Method: EPA-SZGO 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound liesults, Project: ESTreatibility Tcsts 
Sample Idcntiflcation: 10404-1Bl-32(D) Reporting Datc: 411 1/01 
Laborntory Idcntificatiun: 0104012-016 Sample Matrix: Aqucous 

Sampling Date: 4/6/0 1 Iicpurt Data File: 010409 .~1~ .  
Sumple licccivinp, Date: 41910 1 Rat\' Data IWc: 01040930.11 



Environmental Research Institute 
The University of Connecticut 

\'ulatilc Organic Cnmpnund Results, Project: ESrrcstihility Tests 
Sample Identification: 10404-IBZ-32h Reporting Date: 4/1 1/01 
Lahoratnry Identification: 0 1040 12-017 Samplc Rlatris: Aqucous 

Sampling Date: 41610 1 Report Dutu IWc: 010409.xls. 
Samplc Receiving Date: 4/9/01 liuw Dutu Icilc: 01010910.D 



Envirorlmental Research Institute 
The University of Connecticut 

Volatile Organic Cornpound I<csulls, Project: ES'Trcatihility Tests 
Sample Idcntlficatir~n: 10404-1B2-32(0) Rcportlng Date: 4/11/01 
Labnratory Identification: 0 1040 12-01 X Sample Matrix: Aqueous 
Sampling Date: 4/6!0 1 Report Date File: 010409.~1s. 
Sample Rccci\ing Dale: 4/9/01 Raw Data Fllc: 0 1040941.1) 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatlhility Tests 
Sample Identification: 10404-183-32h Reporting Date: 411 1/01 
1,uhoratory Idcntificalion: 0104012-0 19 Sample Matrix: Aqueous 

Sampling Ihte: 4/6/0 1 Report Data File: 01 0409.xls. 
Sample Receiving Datc: 4/9/01 Rnw Data File: 01040942.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Hcsults, l'rojcct: ESTrcatibility Tests 
Sample Identification: 18405-111-4811 Rcportlng Date: 4/11/01 
1,ahoratory Identification: 010401 2-020 Sample Matrix: Aqueous 
Sampling Date: 41610 1 Report Data Filc: 010409.~1s. 
Sample Receiving Date: 4lYlOI Raw Data File: 0 1040943.D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organlc Compound Results, Project: ESTreatihility Tests 
Sample Identification: 10405-lB2-48h Reporting Date: 411 1/01 
Laboratory Identification: 0104012-021 Sample Matrix: Aqueous 

Sampling Datc: 41610 1 Report Data File: 0 1 0 4 0 9 . ~ 1 ~ .  
Sample Receiving Date: 4/9/01 Raw Data Filc: 01040944 D 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatlhllity Tcsts 
Sample Identification: 10405-1B3-48h Hcpurtlng Date: 411 1/01 
Laboratory Idcntificatian: 0104012-022 Sample Mtltrix: Aqueow 

Sampling Datc: 41610 1 Report Data 17ilc: 01040Y.xls. 
Samplc Rcccivir~g Datc: 4lYIO1 Raw Data Filc: 0 1040Y45.D 



Environmental Research Institute 
The University of Connecticut 

\'olntilc Organic Cornpuund Rcsults, ProJect: ESTrcatihility Tests 
Sample Idcntificatlon: 10405-IBI-5611 Reporting Date: 411 1/01 
Laboratory Identification: 0104012-023 Sample Matrix: Aqueouv. 

Sampling Date: 41610 1 lieport Data File: 010409 . X I S .  
Sample Receiving Dale: 41910 I Raw Data Filc: 0104094(i.D 



Environmental Research lnstitute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTrcatibllity Tests 
Sample Identification: 10405-IBI-56(D) Reporting Date: 411 1/01 
Laboratory Identiliciltiun: 0 10401 2-024 Sample Matrix: Aqueow 
Sampling Date: 4/6/0 1 Report Data Filc: 010409 .XIS. 
Sample Receiving Date: 4/9/01 R a w  Data File: 01040947.D 
Date h i i l w x l :  04/IORO -1:s: Method: EI'A-8260 



Environmental Research Institute 
The University of Connecticut 

\'olatilc Organic Cl~mpnund Iiesults, I'rujcct: ES'Trcatihility Tests 
Sample Identification: 10405-IB2-5611 Rcportlng Date: 411 1/01 
Laboratory Idcntificatinn: 01040 12-025 Sample Matrix: Aqueous 

Sampling Ihte: 41610 1 Report Data File: 0 10409 . X I S .  
Ssmplc lieccivinl: h t e :  4/9/01 Raw Data File: 01040948.D 



Environmental Research Institute 
The University of Connecticut 

\%latile Organic C~mpnund licsults, Project: ESTrcatibility Tests 
Sample Idcntificilticm: 10405-162-56(0) Rcportlng Datc: 411 1/01 
Lalwrtltirry Identification: 0104012-016 Sample Matrls: Aqueous 
Sampling Ilntc: 41610 1 Report Data File: 01 0409 .XIS. 
Sample I<ecci\-inb Date: 4/9/01 Raw Data Filc: 0 1040949 .D 
Date Anal!-md: O M M 2 O  -1:9: Method: EPA-8260 

75-09-2 
01634-04-4 

156-60-5 
75-31-3 
79-93-3 

594.10-7 
156-59-1 
74-97-5 
67-66-3 
71-55-6 

563-58-6 
56-23-5 

CAS S u n ~ h c r  
75-7 1-1 
7447-3 
75-0 1-4 
74-$3-9 
75-00-3 
75-69-4 
75-35-4 

Conccntmtiun(u~IL) 
ND 
ND 
ND 
ND 
ND 
ND 
ND 

Nrnic 
Ilichlorodifluoro~xtl~nnc 
Chloromtl~atie 
Cldorocthcnc(Vin).1 Cldoridc) 
Rrormrxtllnne 
Crllororlllnnc 
'Srichlorofl~~oronxtlinnc 
1.1-Dichloroethcnc 

MDL (ugll,) 
0.3 
0.1 
0.2 
0.2 
0.2 
0.1 

1 
I 

0.3 
0.3 
0.1 

1 
0.1 
0 1 
0.3 
0.1 
0.1 
0.2 
0.1- 

Dichloromthnne 
MTBE 
(trans)- 1,2-L~icl11orocUicne 
I ,I-Dichlorocthnne 
Melhyl Ethyl Kctonc (MEK) 
?,?-Dichloropropane 
(cis)-1,2-DichloroeU1cnc 

Bromchloronrllinnc 
Chloroform 
l , l ,  I-Trichloroethenc 
I ,  1 -Dichloropropenc 
Tetrachloromthanc 

5 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
ND 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Cnmpound Results, Prnjcct: ESTrcatibility Tests 
Sample Identificatirm: 10405-lB3-561: Reporting Date: 411 1/01 
Lahorotory Identification: 0104012-027 Sample Matrix: Aqucouz 

Sampling Date: 41610 1 Report Data File: 0 10409 .XIS. 
Sample Hecei\in): Date: 4/9/01 Raw Data File: 010409 50.D 

hlcthod: EPA-8260 



Environmental Research Institute 
The University of Connecticut 

\'olatile Organlc Compound Results, Project: ESTreatibility Tests 
Sample Identllicatlon: 10406-181- 72h Reporting Date: 4/11/01 
Laboratory Identificrrti~rn: 0 104012-028 Sample Matrix: Aquctrus 
Sampling Date: 416/0 1 Report Data File: 0 1 0 4 0 9 . ~ 1 ~ .  
Sample Receiving Date: 4lYIO1 Raw Data File: 01040951.D 

04/10/20 -1:l:  Method: EPA-8260 



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTreatlbility Tests 
Sample Identification: 10406-IBI- 72(D) Reporting Date: 411 1/01 
Laboratory Identification: 0104012-029 Sample Matrix: A ~ L I C O I ~  
Sarnpllng Date: 41610 1 Report Data File: 01 0409 . X I S .  
Sample Receivinp Date: 4lY101 Raw Data File: 01040952.D 



Environmental Research Institute 
The University of Connecticut 

Vol~tlle Organic Compound Results, Prnject: ESTreatihility Tests 
Sample Idcntlfication: 10406-IB2-7211 Reporting Date: 411 1/01 
Laboratory Identification: 0104012-030 Sample Matrix: Aqueou.. 

Snrnpllng Date: 41610 1 Report Data I'ile: 0 10409 .XIS. 
Sample Receivin~ Date: 4/9/01 Raw Data 1;ilc: 01040953.D - 
Date Analwed: 04/11/20 -1:2: hle thd:  EI'A-8260 



Environmental Research Institute 
The University of Connecticut 

Volatilc Organic Compound Rcsults, Project: ES'1'rcatil)ility Tests 
Sample Idcntifiration: 10406-IB2-72(D) Rcpnrting Datc: 4/11/01 
Laboratop Idcntificati~m: 0104017,-031 Sample Matrix: Aqucouq 

Sampling Datc: 4/6/0 1 licpwt Duta 1:ilc: 0 1 0409 .xis. 
Sample Rcceivinl: Ilatc: 4/9/01 Raw Data I'ilc: 01040954 r) 
Date Analwd:  Od/llRO -1: l :  R l c t l ~ ~ d :  



Environmental Research Institute 
The University of Connecticut 

Volatile Organic Compound Results, Project: ESTrciatibility Tests 
Sample Identification: 10403-1B3- 72k Reporting Date: 4/11/01 
Lahnratory Identification: 0104012-032 Sample Matrix: Aqueous 

Sampling Date: 41610 1 Report Data File: 01 0 4 0 9 . ~ 1 ~ .  
Samplc Ileceiving Date: 4/9/01 Itan Data File: 01040955.D 

04/11/20 -1:2: Method: EPA-8260 



L;or;ry Searched : C:\DATABASE\NBS75K.L 
Quality : 96 
ID : Ethene, chloxotrifluoro- 

' bundance 

b 
9000 

0 
m/z--> 
Abundance 

I 
9000 

- - - - -. .- - - - -- - --- - . - . . 
Scan 96 (4.512 min): 01032510.D 

58 62 

5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 
#64249. Ethene, chlorotrlfluoro- 

116 



Library Searched  : C:\DATABASE\NBS~~K.L 
Quality : 91 
ID : Ethane, 1,1,2-trichloro-1,2,2-trifluoro- 

- ---.- . . .- .. . -- . .-- 

Scan 369 (8.829 min): 0103251 0.D 
101 

66 
1000 35 

lo5 116 
50 

155 
40 61 78 94 121 132 

0 . . . .  . . . . . . .  . 

m/z-> 30 35 40 45 50 55 - 6 0  95. 70 75~L-8_0_85..90...95-. 100 ~ E l ~ O H 5 .  ?2_0 125._!30-.135-140 145..15P 155.1.60 
Abundance #69052: Ethane, 1.1.2-trichloro-l,2,2-lrifluoro- 

101 



?ak# Ret Time 
1 4.429 

Width 
0.110 
0.057 
0.057 
0.113 
0.157 
0.078 
0.078 
0.171 
0.070 
0.115 
0.075 
0.059 
0.060 
0.058 
0.068 
0.059 
0.056 
0.061 
0.064 
0.062 
0.066 
0.065 
0.075 
0.092 
0.161 

Area 
9995793 
4324026 
633095 
662243 
1110342 
2089180 
6388887 
507159 
1007282 
623864 
546698 

19405374 
16042668 
15220706 
587952 

33186276 
5213701 
40140349 
889009 

37149030 
603044 

25030284 
31257237 
536307 
1104637 

Start Time 
4.167 
4.503 
5.419 
7.434 
7.663 
8.222 
8.715 
9.491 
9.912 
10.152 
11.500 
12.722 
13.654 
14.350 
14.604 
15.069 
15.829 
18.191 
19.493 
21.148 
21.627 
23.530 
26.277 
28.647 
28.887 

End Time 
4.503 
4.771 
5.665 
7.663 
7.905 
8.441 
9.097 
9.771 
10.152 
10.398 
11.711 
13.052 
14.154 
14.604 
14.771 
15.554 
16.046 
18.610 
-19.698 
21.427 
21.826 
23.841 
26.604 
28.887 
29.226 



TIC: UlU4U916. L) 

1 '0104012-002 ,10403-1B1-O(D) 

P e a k #  R e t  T i m e  

i 1  4.427 
! 4.536 
% 4.691 
1 4  5.526 
i 5 7.765 

6 7.914 
! 7 8.322 
1 8  8.892 

9 10.022 

I 10 12.819 
1 11 13.783 
12 14.. 479 
13 14.635 / 14 15.164 

' 15 15.903 
16 18.307 

1 17 19.575 
18 21.240 
19 21.700 
20 23.643 
21 26.392 

Type Width 
VV 0.109 
W 0.052 
VB 0.143 
VV 0.079 
VV 0.095 
VV 0.092 
VV 0.081 
VV 0.077 
VV 0.065 
VV 0.059 
VV 0.058 
VV 0.058 
VV 0.068 
VV 0.059 
VV 0.058 
VV 0.061 
VV 0.059 
VV 0.062 
VV 0.062 
W 0.064 
VV 0.074 

A r e a  
11490020 
4703048 
513459 
705061 
616906 
519618 

2384212 
7020095 
952975 

20976576 
16217722 
15471768 
568802 

34002964 
5807903 
41153020 
919253 

38128137 
617120 

25934637 
32427137 

S t a r t  T i m e  
4.188 
4.500 
4.672 
5.387 
7.698 
7.872 
8.203 
8.761 
9.895 

12.697 
13.687 
14.358 
14.589 
15.059 
15.726 
18.170 
19.492 
21.119 
21.630 
23.505 
26.264 

E n d  T i m e  
4.500 
4.672 
4.938 
5.655 
7.822 
7.992 
8.467 
9.227 
10.101 
13.199 
14.014 
14.589 
14.751 
15.479 
16.064 
18.611 
19.651 
21.416 

- 21.791 
23.835 
26.652 



I C :  U I U 4 U Y l  I .  u 
'0104012-003 ,10403-1B2-Oh 

Ret Time 
4.425 
4.534 
5.523 
7.600 
7.759 
8.005 
8.322 
8.892 
10.023 
10.308 
11.594 
12.823 
13.786 
14,483 
14.642 
15.168 
15.907 
18.311 
19.579 
21.247 
21.706 
23.651 
26.403 

Width 
0.109 
0.053 
0.084 
0.138 
0.102 
0.138 
0.076 
0.076 
0.065 
0.120 
0.068 
0.060 
0.059 
0.058 
0.071 
0.059 
0.058 
0.060 
0.061 
0.061 
0.063 
0.065 
0.075 

Area 
10002891 
4280061 
668949 
823849 
551166 
613081 

2102389 
6267509 
888840 
641301 
512192 

19798583 
16474171 
15608709 
602492 

34037644 
5282321 
41137464 
845117 

38198622 
606817 

25956291 
32252627 

Start Time 
4.174 
4.498 
5.377 
7.409 
7.697 
7.979 
8.244 
8.751 
9.946 
10.182 
11.522 
12.706 
13.680 
14.378 
14.593 
15.032 
15.780 
18.209 
19.515 
21.125 
21.624 
23.539 
26.204 

End Time 
4.498 
4.693 
5.661 
7.697 
7.812 
8.132 
8.470 
9.155 
10.111 
10.436 
11.695 
13.207 
14.097 
14.593 
14.759 
15.489 
16.025 
18.553 

. 19.708 
21.425 
21.825 
23.817 
26.577 



Ret Time 
4.425 
4.534 
5.523 
7.600 
7.759 
8.005 
8.322 
8.892 

10.023 
10.308 
11.594 
12.823 
13.786 
14.483 
14.642 
15.168 
15.907 
18.311 
19.579 
21.247 
21.706 
23.651 
26.403 

Width 
0.109 
0.053 
0.084 
0.138 
0.102 
0.138 
0.076 
0.076 
0.065 
0.120 
0.068 
0.060 
0.059 
0.058 
0.071 
0.059 
0.058 
0.060 
0.061 
0.061 
0.063 
0.065 
0.075 

Area 
10002891 
4280061 
668949 
823849 
551166 
613081 

2102389 
6267509 
888840 
641301 
512192 

19798583 
16474171 
15608709 
602492 

34037644 
5282321 
41137464 
845117 

38198622 
606817 

25956291 
32252627 

Start Time 
4.174 
4.498 
5.377 
7.409 
7.697 
7.979 
8.244 
8.751 
9.946 
10.182 
11.522 
12.706 
13.680 
14.378 
14.593 
15.032 
15.780 
18.209 
19.515 
21.125 
21.624 
23.539 
26.204 

End Time 
4.498 
4.693 
5.661 
7.697 
7.812 
8.132 
8.470 
9.155 
10.111 
10.436 
11.695 
13.207 
14.097 
14.593 
14.759 
15.489 
16.025 
18.553 

- 19.708 
21.425 
21.825 
23.817 
26.577 



' e a k #  Ret T i m e  
1 4 . 4 3 1  

4 .537 
b 5 . 5 2 7  
4 7 . 6 3 0  

' 5  7 . 7 5 1  
6  8 , 3 2 6  

1 7  8 . 5 7 5  

i 8  8 . 8 9 4  
9  1 0 . 0 2 4  

: 10  1 0 . 3 1 3  
I l l  1 1 . 5 9 4  
12 1 2 . 8 2 3  

1:: 1 3  .-787 
1 4 . 4 8 3  

1 5  1 4 . 6 4 2  
1 6  1 5 . 1 6 9  

117 1 5 . 9 0 8  
118 1 8 . 3 1 3  
1 9  1 9 . 5 8 3  
20  2 1 . 2 4 9  

121 2 1 . 7 0 9  
22 2 3 . 6 5 5  

2 6 . 4 0 7  

T y p e  Width 
VV 0 .107  
VB 0 . 0 5 9  
VV 0 .058 
VV 0 . 1 1 6  
VV 0 . 1 4 9  
VV 0 . 0 8 1  
VV 0 .132  
VV 0 .077  
VV 0 . 0 6 9  
VV 0 . 1 1 7  
VV 0 . 0 7 3  
VV 0 . 0 6 0  
VV 0 .058  
VV 0 .058  
VV 0 . 0 6 6  
VV 0 . 0 5 9  
VV 0 . 0 5 8  
VV 0 . 0 6 1  
VV 0 . 0 6 1  
VV 0 . 0 6 3  
VV 0 . 0 6 6  
VV 0.064 
VV 0 .074 

A rea  
1 0 4 2 7 7 2 9  

4816218 
654082  
6 5 8 6 4 3  

1 0 4 1 9 0 6  
2 2 6 7 7 9 9  

657242  
6662109  

9 7 2 0 8 9  
620689  
525634 

1 9 9 6 0 9 8 3  
1 6 3 1 9 9 7 6  
1 5 4 9 9 9 1 3  

5 6 2 4 3 1  
33834588  

5324 660 
4 0 8 4 1 6 9 1  

8 4 8 0 7 6  
37866114  

6 1 0 3 3 3  
25619394  
3 1 9 1 0 8 2 6  

Start Time End Time 
4 . 2 0 4  4.502 
4 . 5 0 2  4.938 
5 .357 5 .652  
7 . 4 5 5  7 . 6 6 0  
7 . 6 6 0  7 . 8 8 1  
8 . 2 3 1  8 .485 
8 . 4 8 5  8 .659  
8 . 7 4 9  9.209 
9 . 9 3 7  1 0 . 1 6 1  

1 0 . 1 6 1  10 .396  
1 1 . 4 8 2  1 1 . 6 7 2  
1 2 . 7 0 1  1 3 . 1 0 1  
1 3 . 6 8 6  14 .100 
1 4 . 3 7 7  1 4 . 5 9 2  
1 4 . 5 9 2  1 4 . 7 3 5  
1 5 . 0 7 2  15 .460 
1 5 . 7 9 0  1 6 . 0 2 6  
1 8 . 2 0 4  1 8 . 5 8 0  
1 9 . 4 9 2  - - 1 9 . 6 6 0  
2 1 . 0 8 3  21 .426  
2 1 . 6 0 9  2 1 . 8 0 1  
2 3 .  5 0 3  23 .849 
2 6 . 2 5 3  26 .597  



,ak# R e t  Time Type W i d t h  
1 4 . 4 2 4  VV 0 . 1 0 9  
2  4 . 5 3 8  VV 0 . 0 5 5  
3LC, 5 . 5 2 8  VV 0 . 0 7 4  
4 7 . 6 0 4  PV 0 . 1 0 3  
5  7 . 7 5 8  VV 0  . I 1 8  
6  8 . 3 3 0  VV 0 . 0 7 2  
7  8 . 5 3 2  VV 0 . 1 0 7  
8  8 . 8 9 5  VV 0 . 0 7 6  
9  1 0 . 0 2 7  VV 0 . 0 7 6  

70 1 1 . 5 9 7  VV 0 . 0 8 2  
1 1  1 2 . 8 2 6  VV 0 . 0 5 9  
1 2  1 3 . 7 8 9  VV 0 . 0 5 9  
1 3  14.4'85 VV 0 . 0 5 8  
14 1 4 . 6 4 5  VV 0 . 0 6 7  
1 5  1 5 . 1 7 0  VV 0 . 0 5 9  
1 6  1 5 . 9 1 0  VV 0 . 0 5 7  
17 1 8 . 3 1 3  VV 0 . 0 6 1  
1 8  1 9 . 5 8 2  VV 0 . 0 6 1  
1 9  2 1 . 2 4 9  VV 0 . 0 6 2  
20 2 1 . 7 1 0  VV 0 . 0 6 5  
2 1  2 3 . 6 5 3  VV 0 . 0 6 5  
22 2 6 . 4 0 3  VV 0 . 0 7 4  

Area 
10603560  

4672783 
686276  
603159 
796406 

2021423  
5 0 4 6 6 1  

6187291  
1075124 

583762 
19687424  
16410507  
15514720  

576505  
34065011  

5251456  
40918131  

867895  
37815636  

597705  
25736937 
32231695  

Start Time 
4 . 1 9 3  
4 . 5 0 1  
5 . 3 8 0  
7 . 4 8 1  
7 . 7 0 6  
8 . 2 3 5  
8 . 4 7 9  
8 . 7 8 7  
9 . 9 1 7  

1 1 . 4 5 4  
1 2 . 7 1 6  
1 3 . 6 7 0  
1 4 , 3 6 4  
1 4 . 5 9 5  
1 5 . 0 0 0  
1 5 . 8 1 9  
1 8 . 2 0 5  
1 9 . 4 8 3  
2 1 . 1 2 6  
2 1 . 6 3 2  
2 3 . 5 3 5  
2 6 . 2 5 7  

End T ime  
4 .  S o l  
4 . 7 5 3  
5 . 6 4 3  
7 . 6 4 6  
7 . 8 7 0  
8 . 4 2 7  
8 . 6 0 8  
9 . 1 1 5  

1 0 . 1 8 5  
1 1 . 6 9 4  
1 3 . 1 6 8  
1 4 . 0 9 6  
1 4 . 5 9 5  
1 4 . 7 6 1  
1 5 . 4 8 7  
1 6 . 0 8 2  
1 8 . 6 5 7  
1 9 . 6 6 5  

2 1 . 4 2 6  
2 1 . 8 0 1  
2 3 . 8 4 8  
2 6 . 5 7 1  



oak# R e t  Time 
, 1  7.751 

8.007 
w 8.324 
4 8.461 
5 8.718 
6 8.892 

. 7  10.021 
: 8 10.314 
9 13.785 

1 0  14.481 
11 14.639 
12 15.167 
13 15.905 
14 18.311 
15 19.580 
.16 21.247 
'1 7 23.651 
58 26.403 

Width 
0.115 
0.189 
0.081 
0.124 
0.110 
0.078 
0.068 
0.109 
0.059 
0.059 
0.076 
0.059 
0.065 
0.060 
0.064 
0.061 
0.065 
0.075 

Area 
711310 
1287907 
1801131 
516026 
588866 
5278016 
1131546 
537582 

16407819 
15587531 
608932 

33774212 
545803 

40610609 
708475 

37687307 
25542432 
31789951 

Start T i m e  
7.697 
7.852 
8.228 
8.405 
8.648 
8.798 
9.915 

10.184 
13.623 
14.267 
14.592 
15.049 
15.836 
18.209 
19.516 
21.123 
23.493 
26.210 

End Time 
7.852 
8.153 
8.405 
8.535 
8.798 
9.140 
10.135 
10.393 
13.990 
14.592 
14.799 
15.475 
16,056 
18.548 
19.742 
21.437 
23.870 
26.571 



: a k #  R e t  T i m e  
11 7.664 
' C  7.763 
3 b  7.941 
i 4 8.034 
: 5 8.324 
6 8.892 
17 9.626 
18 10.022 
9 11.598 :. 0 13.785 

I. 1 14.481 
i2 14. 6-41 
1.3 15.166 

1- 18.310 
15 21.245 

21.704 
23.647 
26.397 

Width 
0.125 
0.076 
0.145 
0.113 
0.085 
0.080 
0.162 
0.067 
0.101 
0.059 
0.059 
0.071 
0.059 
0.061 
0.062 
0.066 
0.064 
0.074 

A r e a  
587519 
504919 
691588 
632765 

2184196 
5711259 
630994 
1326650 
540822 

16598889 
15476282 
599307 

33822587 
40450385 
37694259 
582166 

25619162 
31835917 

Start T i m e  
7.577 
7.712 
7.815 
7.972 
8.199 
8.749 
9.564 
9.896 
11.472 
13.685 
14.379 
14,589 
15.060 
18.196 
21.097 
21.596 
23.533 
26.242 

End T i m e  
7.712 
7.815 
7.972 
8.121 
8.462 
9.193 
9.896 
10.125 
11.681 
14.214 
14.589 
14.748 
15.536 
18.538 
21.412 
21.847 
23.831 
26.567 



Ret Time 
4.425 
4.532 
5.520 
7.599 
7.770 
7.998 
8.074 
8.318 
8.887 
9.622 

10.017 
12:816 
13.780 
14.475 
14.630 
15.160 
15.900 
18.304 
19.572 
21.239 
21.700 
23.643 
26.391 

Type Width 
VV 0.106 
VV 0.049 
VV 0.059 
VV 0.108 
VV 0.093 
VV 0.140 
VV 0.115 
VV 0.090 
VV 0.080 
VV 0.144 
VV 0.066 
VV 0.059 
VV 0.059 
VV 0.058 
VV 0.087 
VV 0.058 
VV 0.057 
W 0.062 
VV 0.062 
VV 0.061 
VV 0.088 
VV 0.064 
VV 0.075 

Area 
9731519 
4145646 
639218 
509973 
586637 
675694 
503717 

2435122 
6103484 
563690 

1140747 
19346667 
16173745 
15341205 
628254 

33670362 
5386993 
40899701 
998761 

37590260 
593828 

25619392 
31961879 

Start Time 
4.189 
4.496 
5.403 
7.462 
7.699 
7.898 
8.052 
8.178 
8.717 
9.458 
9.931 

12.705 
13.678 
14.360 
14.588 
15.031 
15.804 
18.197 
19.488 
21.114 
21.631 
23.518 
26.263 

End Time 
4.496 
4.694 
5.661 
7.631 
7.821 
8.052 
8.178 
8.493 
9.177 
9.725 

10.153 
13.164 
14.020 
14.588 
14.812 
15.434 
16.025 
18.760 
19.649 
21.416 
21.826 
23.805 
26.618 



Ret Time 
7.748 
8.002 
8.319 
8.887 
9.625 

10.017 
13.780 
14,475 
14,632 
15.160 
18.304 
21:239 
23.644 
26.394 

Width 
0.176 
0.120 
0.078 
0.078 
0.122 
0.071 
0.060 
0.058 
0.072 
0.059 
0.062 
0.062 
0.064 
0.075 

Area 
1158980 
694852 

2100762 
5479577 
502227 
1248633 

16461533 
15681744 
606978 

33764737 
40612214 
37821366 
25354355 
31705773 

Start Time 
7.670 
7.930 
8.198 
8.748 
9.543 
9.866 

13.671 
14.202 
14.586 
15.036 
18.188 
21.070 
23.531 
26.218 

End Time 
7.930 
8.091 
8.425 
9.086 
9.782 
10.161 
14.124 
14.586 
14.768 
15.477 
18.580 
21.425 
23.813 
26.571 



Ret Time 
7.747 
8.060 
8.317 
8.564 
8.885 
10.015 
11.587 
13.778 
14.473 
14.634 
15.159 
18 .'3O2 
21.237 
21.700 
23.641 
26.389 

Type Width 
vv 0.111 
VV 0.147 
VV 0.079 
VV 0.144 
VV 0.083 
VV 0.063 
VV 0.085 
VV 0.060 
VV 0.058 
VV 0.065 
VV 0.058 
VV 0.061 
VV 0.062 
VV 0.075 
VV 0.064 
VV 0.074 

Area 
690261 
675342 

2062784 
601435 

5996317 
1596376 
608574 

16336956 
15346422 
671466 

33523667 
40142001 
37381524 
508377 

25482990 
31623435 

Start Time 
7.694 
8.030 
8.194 
8.533 
8.683 
9.933 

11.419 
13.671 
14.364 
14.584 
15.015 
18.192 
21.109 
21.578 
23.531 
26.264 

End Time 
7.845 
8.194 
8.421 
8.683 
9.170 
10.145 
11.681 
14.139 
14.584 
14.755 
15.491 
18.532 
21.421 
21.823 
23.840 
26.571 



Ret Time 
4.426 
4.532 
5.520 
7.607 
7.739 
7.969 
8.318 
8.885 
10.014 
10.306 
11.583 
12r814 
13.777 
14.473 
14.629 
15.158 
15.898 
18.301 
19.571 
21.237 
21.698 
23.640 
26.389 

Width 
0.105 
0.075 
0.063 
0.120 
0.133 
0.176 
0.078 
0.076 
0.068 
0.127 
0.087 
0.058 
0.060 
0.058 
0.080 
0.058 
0.058 
0.061 
0.063 
0.061 
0.086 
0.064 
0.074 

Area 
9170606 
3561250 
640457 
681803 
915917 
793859 
2066458 
5235183 
1166383 
650019 
615662 

18837851 
16143715 
15364157 
659059 

33287605 
5550143 
40257037 
1204656 
37333707 
560207 

25415113 
31577283 

Start Time 
4.188 
4.496 
5.397 
7.451 
7.669 
7.866 
8.232 
8.785 
9.938 
10.175 
11.426 
12.707 
13.593 
14.311 
14.585 
15.025 
15.726 
18.150 
19.464 
21.133 
21.585 
23.531 
26.264 

End Time 
4.496 
4.668 
5.659 
7.669 
7.866 
8.059 
8.450 
9.094 
10.175 
10.462 
11.672 
13.141 
14.071 
14.585 
14.838 
15.515 
16.023 
18.522 
19.697 
21.394 
21.797 
23.897 
26.599 



R e t  Time 
7.749 
7.978 
8.317 
8.689 
8.885 
9.618 

10.013 
10.305 
11,584 
12.823 
13.777 
14 :474 
14.631 
15.160 
18.303 
21.240 
23.647 
26.398 

Type Width 
VV 0.125 
VV 0.183 
VV 0.083 
VV 0.116 
VV 0.077 
VV 0.106 
VV 0.069 
VV 0.113 
VV 0.086 
VV 0.172 
VV 0.059 
VV 0.058 
VV 0.067 
VV 0.058 
VV 0.060 
VV 0.062 
VV 0.065 
VV 0.076 

A r e a  
630753 
1004881 
2341136 
502725 
5415269 
506403 
1308671 
573993 
657876 
512569 

16320308 
15336471 
693611 

33410644 
40259837 
37118060 
24395468 
30751392 

S t a r t  Time 
7.709 
7.856 
8.164 
8.650 
8.778 
9.527 
9.894 
10.248 
11.394 
12.740 
13.647 
14.354 
14.580 
15.052 
18.156 
21.123 
23.528 
26.258 

End Time 
7.856 
8.094 
8.449 
8.778 
9.082 
9.734 
10.166 
10.512 
11.678 
13.119 
14.175 
14.580 
14.739 
15.480 
18.601 
21.439 
23.790 
26.582 



"eak# R e t  T i m e  Type Width 
1 7.754 VV 0.089 

Area 
523409 
582848 

2246339 
520903 
5050802 
610202 

2396613 
529881 

16441647 
15602453 
840608 

33958724 
40951185 
38047042 
25367571 
31556965 

S t a r t  Time 
7.681 
7.808 
8.145 
8.555 
8.797 
9.542 
9.879 
10.176 
13.685 
14.366 
14.589 
15.034 
18.199 
21.124 
23.519 
26.213 

End Time 
7.808 
7.954 
8.441 
8.697 
9.187 
9.807 
10.176 
10.395 
14.040 
14,589 
14.819 
15.474 
18.559 
21.585 
23.808 
26.576 



" ~ a k #  Ret Time 
1 4.422 

Width 
0.124 
0.051 
0.056 
0.102 
0.182 
0.078 
0.078 
0.108 
0.066 
0.075 
0.057 
0.060 
0.058 
0.088 
0.058 
0.059 
0.061 
0.063 
0.061 
0.068 
0.065 
0.075 

Area 
9553554 
3366811 
626548 
575758 
738906 
1987285 
4938447 
562186 
1137654 
511449 

19259772 
16411687 
15683803 
744525 

34049814 
5494698 
41200878 
1339245 
38316566 
515278 

25934172 
31841773 

Start Time 
4.200 
4.502 
5.420 
7.708 
7.955 
8.250 
8.788 
9.557 
9.927 
11.499 
12.697 
13.687 
14.349 
14.596 
15.064 
15.818 
18.175 
19.424 
21.114 
21.625 
23.480 
26.278 

End Time 
4.502 
4.839 
5.669 
7.847 
8.155 
8.461 
9.157 
9.790 
10.146 
11.677 
13.141 
14.076 
14.596 
14.963 
15.431 
16.082 
18.522 
19.680 
21.420 
21.816 
23.825 
26.663 



Ret Time 
7.619 
8.325 
8.896 
9.628 

10.023 
10.299 
13.784 
14.479 
14.638 
15.165 
18.308 
21: 245 
23.650 
26.403 

Width 
0.105 
0.081 
0.079 
0.117 
0.075 
0.138 
0.060 
0.058 
0.067 
0.057 
0.061 
0.062 
0.065 
0.075 

Area 
574766 

2130664 
5334386 
623961 

1297328 
655657 

16623946 
15860385 
712874 

34491827 
41665566 
38595656 
25466628 
31781502 

Start Time 
7.438 
8.175 
8.768 
9.536 
9.851 
10.167 
13.628 
14.332 
14.587 
15.020 
18.196 
21.133 
23.547 
26.225 

End Time 
7.664 
8.435 
9.187 
9.789 
10.167 
10.471 
14.010 
14.587 
14.735 
15.584 
18.599 
21.448 
23.881 
26.590 



"?ak# Ret Time 
1 7.585 

7.750 
'Y 7.998 
4 8.324 
5 8.894 
6 9.630 
7 10.022 
8 10.308 
9 11.594 
10 13.783 
I1 14.478 
12 14 :638 
13 15.164 
14 18.308 
15 21.243 
16 23.648 
17 26.400 

Type Width 
VV 0.125 
VV 0.123 
VV 0.198 
VV 0.086 
VV 0.079 
VV 0.144 
VV 0.066 
VV 0.137 
VV 0.074 
VV 0.059 
VV 0.059 
VV 0.066 
VV 0.059 
VV 0.061 
VV 0.063 
VV 0.065 
VV 0.076 

Area 
624856 
694427 
805146 

2348688 
5381360 
806193 
1183850 
668976 
546113 

16690647 
15851213 
741849 

34622565 
41632805 
38389675 
25071077 
31482813 

Start Time 
7.487 
7.680 
7.850 
8.117 
8.787 
9.546 
9.928 

10.142 
11.465 
13.668 
14.323 
14.588 
15.016 
18.152 
21.094 
23.520 
26.276 

End Time 
7.680 
7.850 
8.065 
8.429 
9.221 
9.928 
10.142 
10.463 
11.675 
14.035 
14.588 
14.755 
15.435 
18.594 
21.451 
23.821 
26.617 



R e t  T i m e  
7.641 
7.715 
7.981 
8.307 
8.657 
8.875 
9.611 
10.002 
10.290 
11.572 
13,763 
14 :459 
14.618 
15.145 
18.287 
21.223 
23.625 
26.372 

Width 
0.125 
0.137 
0.201 
0.078 
0.146 
0.086 
0.099 
0.060 
0.136 
0.077 
0.059 
0.057 
0.066 
0.058 
0.059 
0.062 
0.066 
0.076 

A r e a  
633274 
827621 
784248 
1935077 
563289 
5324219 
685467 

2604489 
679359 
529139 

16293271 
15471806 
975870 

33542219 
40955219 
37925047 
25538525 
31767394 

S t a r t  T i m e  
7.419 
7.679 
7.956 
8.182 
8.517 
8.684 
9.531 
9.920 

10.116 
11.451 
13.650 
14.363 
14.562 
15.002 
18.178 
21.112 
23.461 
26.171 

End T i m e  
7.679 
7.891 
8.182 
8.418 
8.684 
9.203 
9.773 
10.116 
10.429 
11.657 
14.066 
14.562 
14.775 
15.372 
18.616 
21.481 
23.801 

. 26.546 



'.ak# Ret Time 
7.734 

k 7.903 
3 8.303 
4 8.538 
5 8.874 
6 9.609 
7 10.002 
8 10.288 
9 13.763 
10 14.458 
11 14.617 
12 15.'144 
13 18.287 
14 21.223 
15 23.624 
16 26.370 

Type Width 
VV 0.168 
VV 0.150 
VV 0.083 
VV 0.117 
VV 0.079 
VV 0.117 
VV 0.062 
VV 0.129 
VV 0.058 
VV 0.058 
VV 0.063 
VV 0.058 
VV 0.059 
VV 0.061 
VV 0.065 
VV 0.075 

Area 
897683 
627075 

2188456 
611403 

4935797 
760952 
2618967 
595313 

16289007 
15483259 
880571 

33567878 
40496140 
37487409 
25222470 
31548269 

S t a r t  Time 
7.596 
7.813 
8.181 
8.474 
8.779 
9.512 
9.868 
10.155 
13.624 
14.328 
14.566 
15.039 
18.153 
21.100 
23.484 
26.181 

End Time 
7.813 
7.975 
8.474 
8.647 
9.121 
9.765 
10.155 
10.413 
14.024 
14.566 
14.736 
15.433 
18.563 
21.384 
23.797 
26.535 



sak#  Ret Time 
4.408 

Type Width 
VV 0.115 
VB 0.060 
VV 0.064 
VV 0.105 
VV 0.196 
VV 0.133 
VV 0.077 
VV 0.147 
VV 0.081 
vv 0.121 
VV 0.064 
VV 0.119 
VV 0.096 
VV 0.058 
VV 0.059 
VV 0.058 
VV 0.074 
VV 0.057 
VV 0.059 
VV 0.060 
VV 0.062 
VV 0.060 
VV 0.070 
VV 0.065 
VV 0.075 

Area 
8727769 
2985448 
598175 
503337 
1169890 
501282 
1933088 
501414 
4669095 
823879 
1284659 
553539 
521659 

18203234 
15836174 
15148103 
626446 

33334884 
5171970 
40449765 
1283469 

37404199 
554263 

25107293 
31222022 

Start Time 
4.182 
4.486 
5.393 
7.466 
7.647 
8.067 
8.214 
8.440 
8.784 
9.470 
9.907 
10.125 
11.468 
12.683 
13.642 
14.334 
14.566 
14.978 
15.753 
18.100 
19.478 
20.950 
21.546 
23.516 
26.189 

End Time 
4.486 
4.899 
5.654 
7.647 
7.939 
8.214 
8.440 
8.591 
9.230 
9.803 
10.125 
10.377 
11.681 
13.093 
13.995 
14.566 
14.782 

- 15.457 
16.025 
18.649 
19.699 
21.398 
21.791 
23.791 
26.658 



- ?ak# Ret Time 
7.743 

Width 
0.161 
0.141 
0.087 
0.079 
0.101 
0.065 
0.060 
0.058 
0.067 
0.057 
0.060 
0.061 
0.065 
0.075 

Area 
700572 
777151 
2162557 
4691252 
637951 

1387111 
16106928 
15286838 
940160 

33527247 
40654884 
37640234 
25374214 
31514111 

Start Time 
7.686 
7.863 
8.150 
8.757 
9.539 
9.914 
13.603 
14.361 
14.563 
14.926 
18.141 
21.110 
23.487 
26.240 

End Time 
7.863 
8.071 
8.450 
9.088 
9.771 
10.146 
14.022 
14.563 
14.823 
15.365 
18.772 
21.528 
23.794 
26.565 



7 !ak# Ret Time 
7.922 

Width 
0.132 
0.094 
0.084 
0.096 
0.061 
0.058 
0.057 
0.066 
0.057 
0.060 
0.062 
0.064 
0.074 

Area 
708544 
2426163 
4819501 
550572 
3605013 
15966519 
15196620 
1087387 
33278724 
40488544 
37522401 
25262319 
31275649 

Start Time 
7.772 
8.174 
8.717 
9.545 
9.909 
13.630 
14.307 
14.555 
15.036 
18.147 
21.112 
23.509 
26.243 

End Time 
7.956 
8.539 
9.070 
9.744 
10.154 
13.999 
14.555 
14.747 
15.422 
18.566 
21.445 
23.849 
26.561 



R e t  Time 
4.403 
4.517 
5.502 
8.296 
8.554 
8.866 
9.600 
9.993 
10.282 
11.562 
12.792 
13: 754 
14.449 
14.608 
15.135 
15.874 
18.276 
19.545 
21.213 
21.673 
23.614 
26.359 

Type Width 
PV 0.113 

Area 
7997135 
2304398 
512203 

2112155 
740810 
4215716 
824040 

1306895 
575390 
524177 

18408654 
15888999 
15247146 
517814 

33207123 
5232130 
40134124 
1225073 
37067047 
506681 

24984555 
31040997 

S t a r t  Time 
4.183 
4.480 
5.447 
8.144 
8.511 
8.723 
9.432 
9.915 

10.114 
11.461 
12.600 
13-6-52 
14.347 
14 -561 
15.024 
15.772 
18.135 
19.466 
21.106 
21.587 
23.473 
26.136 

End Time 
4.480 
4.610 
5.630 
8.432 
8.723 
9.101 
9.785 
10.114 
10.370 
11.659 
13.142 
13.993 
14.561 
14.706 
15.396 
16.009 
18.529 
19.636 
21.393 
21.800 
23.770 
26.531 



"?ak# Ret T i m e  
9 7.720 

Width  
0.210 
0.156 
0.078 
0.080 
0.188 
0.064 
0.075 
0.059 
0.057 
0.069 
0.057 
0.059 
0.062 
0.065 
0.075 

Area 
1052420 
685382 
1865567 
4477806 
553115 
973179 
550391 

16065985 
15251307 
997444 

33505532 
40423467 
37379871 
25337997 
31631251 

S t a r t  Time 
7.441 
7.783 
8.202 
8.767 
9.444 
9.921 
11.421 
13.653 
14.324 
14.552 
15.000 
18.141 
21.066 
23.486 
26.211 

End Time 
7.783 
7.960 
8.416 
9.087 
9.755 
10.136 
11.648 
14.011 
14.552 
14.802 
15.526 
18.491 
21.403 
23.769 
26.550 



Re t Time 
7.965 
8.298 
8.866 
9.993 
10.283 
13.752 
14.448 
14.609 
15.134 
18.275 
21.209 
231610 
26.355 

Width 
0.178 
0.076 
0.080 
0.064 
0.111 
0.058 
0.057 
0.065 
0.058 
0.060 
0.061 
0.063 
0.075 

Area 
726655 
1872212 
4738308 
903827 
507833 

16069422 
15281595 
885031 

33202869 
40299633 
37426378 
25186320 
31340065 

Start Time 
7.839 
8.212 
8.698 
9.887 
10.231 
13.639 
14.256 
14.556 
15.029 
18.123 
21.079 
23.463 
26.194 

End Time 
8.030 
8.431 
9.077 
10.086 
10.489 
14.078 
14.556 
14.719 
15.409 
18.611 
21.402 
23.868 
26.596 



Ret Time 
8.293 
8.861 
9.989 
11.557 
13.749 
14.444 
14.604 
15.129 
18.271 
21.204 
23.606 
26.348 

Type Width  
VV 0.081 
VV 0.079 
VV 0.062 
VV 0.074 
VV 0.058 
VV 0.058 
VV 0.065 
VV 0.058 
VV 0.060 
VV 0.062 
VV 0.064 
VV 0.074 

Area 
2022986 
4459962 
3452042 
551498 

16216297 
15377076 
1112717 
33420751 
40468227 
37497932 
25087020 
31179820 

Start Time 
8.212 
8.762 
9.899 

11.460 
13.651 
14.290 
14.547 
14.972 
18.165 
21.049 
23.405 
26.152 

End Time 
8.481 
9.090 
10.154 
11.675 
14.004 
14.547 
14.725 
15.345 
18.548 
21.418 
23.789 
26.548 



IC: 01040949 .D 
'0104012-026,10405-1B2-56 (D) 

R e t  Time 
7 . 7 8 1  
8 . 2 8 7  
8 . 4 8 1  
8 . 5 9 1  
8 . 8 5 4  
9 . 9 8 1  

1 0 . 2 6 9  
1 3 * 7 4 2  
1 4 . 4 3 8  
1 4 . 5 9 7  
1 5 . 1 2 3  
18'. 264 
2 1 . 2 0 0  
2 3 . 6 0 2  
2 6 . 3 4 5  

W i d t h  
0 . 1 1 9  
0 . 0 7 4  
0 . 1 3 9  
0 . 1 3 5  
0 . 0 8 1  
0 . 0 6 0  
0 . 1 0 2  
0 . 0 5 9  
0 . 0 5 7  
0 . 0 6 5  
0 . 0 5 7  
0 . 0 6 0  
0 . 0 6 2  
0 . 0 6 3  
0 . 0 7 5  

Area 
5 1 3 4 8 3  

1 7 9 6 2 4 1  
601088  
509317 

4623419  
3 4 2 2 7 4 5  

5 1 1 4 5 6  
1 6 0 9 9 8 4 5  
1 5 2 8 2 8 7 6  

1 1 0 1 5 0 9  
33083245  
40678436  
37 6934 3 8  
24968266  
30913344 

S t a r t  T i m e  
7 . 7 5 5  
8 . 1 9 9  
8 . 3 7 9  
8 . 5 5 5  
8 . 7 5 9  
9 . 8 9 2  

1 0 . 1 4 4  
1 3 . 6 2 2  
1 4 . 3 3 5  
1 4 . 5 3 9  
1 5 . 0 2 0  
1 8 . 1 5 8  
2 1 . 0 7 9  
2 3 . 4 8 4  
2 6 . 2 2 3  

End T i m e  
7 . 8 8 8  
8 . 3 7 9  
8 . 5 5 5  
8 . 6 9 9  
9 . 0 8 6  

1 0 . 1 4 4  
1 0 . 3 4 6  
1 4 . 1 0 8  
1 4 . 5 3 9  
1 4 . 7 1 9  
1 5 . 3 5 4  
1 8 . 6 4 5  
2 1 . 4 5 1  
2 3 . 7 8 4  
2 6 . 5 0 7  



Ret Time 
4.402 
4.513 
5,497 
7.719 
8.289 
8.857 
9.985 
10.272 
11.556 
12.782 
13.746 
14 :440 
14.597 
15.126 
15.865 
18,268 
19.536 
21.202 
23.605 
26.348 

Type Width 
VV 0.115 
VV 0.047 
vv 0.058 
VV 0.233 
VV 0.082 
VV 0.079 
VV 0.066 
vv 0.112 
VV 0.071 
VV 0.058 
VV 0.059 
VV 0.057 
VV 0.082 
VV 0.058 
VV 0.057 
VV 0.061 
VV 0.060 
VV 0.061 
VV 0.064 
VV 0.074 

Area 
8017873 
2267097 
566684 
1270063 
2002056 
3968629 
863072 
514371 
500589 

17967652 
15942885 
15232743 
615220 

33439189 
5078212 
40377134 
1207101 
37340936 
25113196 
31049424 

Start Time 
4.171 
4.477 
5.326 
7.590 
8.136 
8.759 
9.908 
10.148 
11.477 
12.684 
13.635 
14.271 
14.549 
15.024 
15.767 
18.154 
19.455 
21.072 . 

23.413 
26.228 

End Time 
4.477 
4.598 
5.614 
7.930 
8.397 
9.095 
10.086 
10.359 
11.658 
13.065 
14.018 
14.549 
14.791 
15.504 
16.028 
18.562 
19.624 
.21.387 
23.788 
26.605 



R e t  T i m e  
7 . 7 2 3  
7 . 9 4 0  
8 . 2 9 2  
8 . 8 5 9  
9 . 9 8 8  

1 0 . 2 7 1  
1 1 . 5 5 7  
1 3 . 7 4 7  
1 4 . 4 4 1  
1 4 . 6 0 2  
1 5 . 1 2 7  
1 8  :270 
2 1 . 2 0 3  
2 3 . 6 0 6  
2 6 . 3 4 9  

T y p e  Width 
VV 0 . 0 9 5  
VV 0 . 1 4 3  
VV 0 . 0 7 4  
VV 0 . 0 8 0  
VV 0 . 0 6 4  
VV 0 . 1 2 6  
VV 0 .074  
VV 0.058 
VV 0 . 0 5 8  
VV 0 . 0 6 3  
VV 0 . 0 5 8  
VV 0 . 0 6 1  
VV 0 . 0 6 2  
VV 0 .064  
VV 0 . 0 7 5  

Area 
5 0 2 6 6 4  
6 5 0 3 2 3  

1 9 1 9 8 9 4  
4 5 3 7 2 5 2  

9 2 4 6 1 0  
5 8 5 5 0 8  
5 2 1 2 5 0  

16080484  
1 5 4 2 6 6 4 3  

9 7 9 2 4 2  
3 3 3 5 2 6 9 9  
3 9 9 2 6 3 8 3  
3 7 2 9 7 5 4 2  
2 4 8 9 8 4 5 2  
3 1 0 9 3 8 6 4  

S t a r t  T i m e  
7 . 6 6 1  
7 . 8 5 3  
8 . 1 6 3  
8 . 7 6 1  
9 .912 

1 0 . 0 9 9  
1 1 . 4 7 2  
1 3 . 6 3 9  
1 4 . 2 6 2  
1 4 . 5 4 5  
1 4 . 9 4 3  
1 8 . 1 4 1  
2 1 . 0 4 5  
2 3 . 4 9 5  
2 6 . 2 2 7  

End T i m e  
7 . 7 8 7  
8 .027  
8 .382  
9 . 1 1 0  

1 0 . 0 9 9  
1 0 . 3 6 9  
1 1 . 6 6 1  
1 4 . 0 3 8  
1 4 . 5 4 5  
1 4 . 6 8 5  
1 5 . 3 5 6  
1 8 . 5 4 2  
21 .484  
2 3 . 7 7 9  
26 .533  



"TC: 01040952.D 
' OlO4Ol2-O29,lO4O6-lBI-72 (D) 

Ret Time 
7.960 
8.288 
8.476 
8.855 
9.983 
10.276 
13.743 
14.437 
14.597 
15.124 
18.265 
21:201 
23.601 
26.343 

Width 
0.143 
0.075 
0.135 
0.081 
0.062 
0.118 
0.059 
0.057 
0.063 
0.058 
0.060 
0.062 
0.065 
0.074 

Area 
729576 
1864001 
542801 
4337281 
871923 
520609 

16056563 
15183285 
1002657 

33067533 
39951105 
37127916 
25123402 
31385773 

Start Time 
7.900 
8.194 
8.399 
8.744 
9.914 

10.129 
13.643 
14.321 
14.542 
15.008 
18.145 
21.088 
23.430 
26.170 

End Time 
8.093 
8.399 
8.550 
9.091 
10.074 
10.357 
13.990 
14.542 
14.711 
15.312 
18.486 
21.469 
23.766 
26.575 



Re t Time 
7.584 
8.288 
8.855 
9.982 
11.551 
13.742 
14.436 
14.597 
15.123 
18.264 
21.200 
23: 600 
26.343 

Width 
0.136 
0.078 
0.087 
0.060 
0.075 
0.059 
0,057 
0.063 
0,057 
0.061 
0.062 
0.065 
0.075 

Area 
659529 

1871306 
4681394 
4486572 
539148 

16048009 
15106902 
1315547 

33036332 
39646480 
37068302 
24727154 
30698888 

Start Time 
7.451 
8.200 
8.757 
9.891 
11.431 
13.638 
14.297 
14.538 
15.009 
18.119 
21.091 
23.439 
26.202 

End Time 
7.683 
8.412 
9.225 
10.136 
11.636 
14.086 
14.538 
14.733 
15.383 
18.474 
21.438 
23.807 
26.569 





Ret Time 
4.407 
4. SO8 
5.492 
8.018 
8.282 
8.850 
9.978 

12.773 
13.735 
14.430 
14.587 
15,117 
15.854 
18.257 
19.523 
21.191 
21.652 
23.591 
26.332 

Width 
0.105 
0.054 
0.062 
0.142 
0.085 
0.078 
0.064 
0.057 
0.058 
0.057 
0.066 
0.057 
0.058 
0.059 
0.060 
0.061 
0.077 
0.064 
0.074 

Area 
7552125 
2272239 
612626 
542893 

2036226 
3738290 
842320 

17791472 
15777001 
14945928 
522160 

32761741 
5102039 
39559572 
1184021 

3649524 9 
512762 

24786681 
30840658 

Start Time 
4.173 
4.477 
5.277 
7.992 
8.144 
8.756 
9.897 

12.636 
13.592 
14.322 
14.540 
15.008 
15.753 
18.133 
19.449 
21.089 
21.503 
23.478 . 

26.208 

End Time 
4.477 
4.625 
5.634 
8.144 
8.428 
9.075 
10.058 
13.010 
14.054 
14.540 
14.688 
15.433 
16.007 
18.596 
19.617 
21.361 
21.780 
23.830 
26.528 



APPENDIX C: 
Raw data of KMn04 consumption versus time during the oxidant demand tests 

Note: ES-0.25 = ESI sample soil in a KMnO, solution of initial concentration -0.25 g/L; C-0.25 = the control 
with a KMn04 solution of initial concentration 0.25 g/L 



APPENDIX D: 
Raw data of the oxidant demand of the GCNY soil, determined in a reaction period 
of 14 days. 

Note: 
1. SOD = V(Co-C,)/qoil, g-KMn04/kg dry doil 

V = total volume of KMnO, solution in the vials; Co = initial KMnO, concentration; C,  - KMnO, 
concentration at 14 days reaction period; poi, = the mass of dry soil in reactors = - 9.2 g 
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PALL COPPORATION 

J ' l C  STORY BLOC% WlLClNG 

NO. DATE 3T REV 5 ON 

LEea 
NEW S - A L O W  WTASjlUU PE?AUWG*N~~T: 
INrECTKW WELL (SCREEN: 5'-25' BGS) 

GSCUNWATER R O Y '  0 RECTCN 

NE* ELECTR C HAWHXE 

PALL 
CORPORATION 

PILOT TEST 

3 0  SEA CLIFF AVENUE 
GLEN COVE. NEW YORK 

SITE PLAN 



I PHASE I I - - 

PHASE I INJECT'OY WELLS I KHNO, (LBS) ( WATER (GALS) 

m 
A/ !NJECPCN RATE: 79 GPM (PER WELL) OF 2% KMNO, SOLUTION 

8) PRWECED DURLITION OF PUASE I iNJECn9N EVENT IS GNE WEE% 

C) SEE TABLE 2 OF /,V-SITU CHEMICAL OXIDATION PILOT TEST DESIGN 
REPOFT FOR COMPLETE DESCRiPTL5V OF INJECWN WELLS, MON,TOR/NG 
WELLS, A N i  FIELD SCREENING LOCATIONS. 

AUGUST THOMSEN 

NEW SHnL-CW DOTPSSIW PERMAUSNAT 
INdECnMI WELL (SCREW. 5-25. BGS) 

@ N W  IP475RYEDUTE FO-ASSUW ~ E W b N X N A l  
INJECTICN WELL (SCREEN. 35-55, BGS) 
NEW MONITORING W E I  COUPLET + U Y D  WYl3.N IWECXV M h T  
(SCREEN: 3'-13' am. SCREW: t5'-53' gCI 

hEW SWLLCW IN.ECllON WELL UY3 + FCR W T O P  hG INJECTON MNl 
OUMW PhUE I 

NEK' USED IhJECTIONS DUSING PHcSE WELLS N V  

NEW UOHITORING W K I  COUZL' * W T  USrD 3LRNC 'MSE i 

a INJECTION 9 s - 3  SKID ("ORTAELE) 

PEQMbNCINATE SOLUTGN 
MIXING EQrlPMENT bREB 

--- SCH 40 PVC PIPE 
- - FLWELE 3CSE 

PROPERT LINE 
GROCNLWATER -TOW ZIPECTCPI 

+ EXIST8NG VCNlTORlNG w 5 l  
p 3  LT JlT =CLE 

'no FIRE HYDPANT 

BU m-C4 845\ 

w r WATER V L K  

0 G4S VALVE 

*O SEWER MbNHCLE 

Y O  WHOLE 

- E - UNCERGROLNO ELECTRIC UNE 

-1 - UICERGRCCND TELEWD\E L8NE 
- 5 - YWITbRf SEWES 

- C -  JNDERGRCUNJ GAS LINE 

-I- LINDERGRCUNO WATER JNE 

CW- OVERHU: HIRE 
-3H CCR~ZCNTAL E X T R A C I I ~  WELL 

EXWRO-SCIEXCES. IiVC. 
3 12 E. .UAI.3' STREET 
PATCHOGUE. N.Y. 11772 
Ph'0";E: (fi31) 207-9005 

PALL 
CORPORATION 

PILOT TEST 

3 0  SEA CLIFF AVENUE 
GLEN COVE, NEW YORK 

PHASE I 
CONSTRUCTION STAGING 

:S 3hED 91: DETAILED BI: CHECKED BY: 

BF TS 
I 

W l h G  CITE: I C A D  FIL': 
9/8/02 PALL"2A 

I 
IOJECT NO ; CONTRAC-: 

PALL-GLENCOVE 

UWlhG: REVISION: 



PHASE I I  

P 4 G E  1 I Y J E C T l O h  W E L L S  1 KMNOI [ L B S )  . WATE9 (G IVS)  

I A  ( F--95. 135.  115,  125. '3s  I 20.5CO 1 '32.000 

1 8  PT-91. 1 3 .  "I. 121, 131 1 20.500 1 132.000 

B E E  
A) iNjErrT..%' RATE: !@ G?M {PER WELL) 5F 2% KMNO SOiUL'0:alV 

8) PUCLIECTEC D9,Rk7ON OF PHASE I 1,WECTlclN EVENT A ONE *'.EK. 

C..: SEE FABLE 2 OF IN-SIW CMMICAL OXIDATION F:LO7 ?E-* DESIGN 
?€FORT FOR COMPLnE OESCR/PilOh/ OF IflJEC7IOIY WELLS. UCNITCHl/G 
WELLS. AtvG FIELD SCREEWNG LOCATIONS. 

9,: SEE TABLE 3 CF W-SITV C#EMlCaL OXiGATION PILOT TEST DSIGN 
PEPORT FSR FKOUENCY. CilRADGN, AND DETA'II!LS GF MCN:TORliVC 
PROCRAM. 

AUGUST THOMSEN 

I I 

L E E x  
, Llf* s w w  PorASSluu PEQUA\G.NI.rE 

IWECTISV ,WELL (SCREEN 5'-25' BGSl 

+ :& y2A"~c$::Rl"V:LTH;:",'~r7Mh77 
(SXE-31: 3'-13' BG5, SCREEN: L5'-55 B t 6  

h<* 'CERHEDA-E NJECTICN WELL -5:: + FOR C U R h i  UONITOR P-eSE NG I1 1N.ECTON CfitT 

h?* N-NLE-ONS WELLS 
'@ K T  LSEC AJKlNG PWSE I1 

PERWANCWATE SOIITIO'. l 
NIXINS EOUIPUENT AREA 

4 
CCNSTQUCTCN bRE4 

SCk SC PVC P I F  

- FLEX~BIE H3SE 

FRGaERTY J\i 
e SROLNDWATER FL3W DI?EC7Oh 

+ EXISTNC VCNTSRNG WELL 

n o  'RE krDRAN- 

: S I  X T C H  -1'1 

i r rTES VUV: 

7 0  ;a Y L V €  

*3  SEWER .L4NHOLE 

8" 3 U'N*LF: 

- E-  dhOERGRWN3 ELECTRIC UNE 

UhDERGROUNC -ELEPHONE JNF 

- 5 -  WITS% S E U m  

-8- UhOERGROUNC 3 6  LINE 

-w- UhDERiROUNC &'aTE7 LINE 

.OW-- OVEiHEAD WRE 

ftttf H3RIZONTbL EXTRACTON WELL 

tPIWK ELLS 

EIVI'IRO-SCIE~\rCES, IJVC. 
3 1 E. MAI.4' STREET - PATCHOCUE, N.1' 11772 
PHOXE: (631) 2Oi-9005 

PALL 
CORPORATION 

PILOT TEST 

3 0  SEA CLIFF AVENUE 
GLEN COVE. NEW YORK 

PHASE II 
CONSTRUCTION STA61N6 

I 

ROJECT NO.: I COYTRAC-. 

P A L L - G L E N C 3 V E  

RAX'INO: REVISION: 



PH4SE IWECTCU WE-LS 1 KUNO, CLBS) I WA-ER (GALS) 

ll8A I PT-IS. 2s. 35. 45. 55 2 0  5 0 0  1 132 3 C O  

1119 1 DT-11. 21, 31. L .  51 ' 2 0 5 0 0  1 132,OCO I 
-= 
A) 'NJECTION RATE 70 GPM (PER AFLL) OF 2% KMNO, SOiUTlGN 

Bj PROJECTED GUPATlCM CF PHASE 1 INJECTION M M V T  IS ONE WEEK 

C j  SEE TABLE i OF IN-SIT0 CHEA.4lCAi OXiaaTlGN PILOT TEST DESIGN 
REPORT FOR COMPLETE DESCRlPTICW O? lNJECT,ON WELLS, IAON!TORING 
WELLS. AND F E i D  SC.?EE%!,&G LXATiONS. 

D) SEE TABLE 3 OF IN-SIP2 CCIEMICAL GXIDAJICN PILOT TEST DESIGN 
REPCRT FOR FREOUFNCY, DURAT~D.!V. AN0 DETAILS OF UONITORING 
PRGGSAM. 

WGUST THOYSEN 

N 3  S H L - C R  PCTASSIUU W?UAVCI\\ITE 
I'-JEC-IO\ %ELL (SCSEEN: 5'-25' ECS) 

@ hW INTE9UE3UTf "CTASSILU PERWWZbNh- 
I\JEC-IO\ WE& (SCSEEN: 35'-55' BGS: 

EXlSnVG UONTORING WELL GROU3 
$. LSEC F3R V04TDRING INJETION M N -  

(Si4-LOW/ N-€RUED hVE/CEE") 

\E\V S - L L W  NJECTCN W E I  LSEO t fCR MOWORIhG VJECTCN CfEhT 
-UR NG P W E  111 

I lNJEClOZ SVSTEU SKI: IPCRr*-E) 

F€RUWWV.lTE S O W l O N  
MIXING EadPNENT *?€A 

- - SCH 4 0  "VC P FE 
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PROPESN L hE 

)L GROU\>KATER ;LC%' DRECTIZN 

+ EXlSTlUG 1*3\1TX1\2 WEL+ 

+c UTILTI' POLE 
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r o GIS ';avE 

MO SEWE? M A N - S L E  
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- T  - U k 3 E R Z O L N D  TELEPHONE L h E  

- S - SANTART 5CLI5R 

- G -  U \ > E R Z O L N D  CdS LIME 

-\'I- U\>ERSROLND WATER L \E 

3'N- Oil?tiM SIRE 

PALL 
CORPORATION 

3 0  SEA CLIFF AVENUE 
GLEN COVE. NEW YORK 

PHASE Ill 
CONSTRUCTION STAGING 

ES GNED BF BY: DITAILEC -5 BY: CFECKED 0': 

I I 

FAWINO DATE: ACID FILE: 
6 / 2 5 / 0 2  PALLYZCI 

RCJECT NO.: CON-RACT: 

PALL-GLENCOVE 

RAWINC: RE'.'ISION: 

vgc 



AUGUST IHOMSEN 

I<E':: FLILLL;." -iTL:S Pi3..1L\i;'..'T: 
11I.E~~TICtC (,ELL ;SC2E:'.. 5 -25' 31'5, 

I., I l i l l ,  'ITEFL.IEC L-E -'C,II-T "'.1 'IFl,;PlCb',-l-l 
il.E:TlCII *ELL ;SC?E-I'. 15 -'15' E,;i' 

Z:;EE'. ; '-I j' E C j  j:FiEE'.. ' 5  -55' EGS' 

E .  S-l>IC S:':lT,Iil'.:f hELL I;FC'.~ 
@ I S I C  =37 vt.. T#)El'.i. ' I J E C  2. .  S.E'i- 

I S -L -LS* ,  l'.TEPI.I:G A i f , 'CEEi ' i  

+ 

bzp S*GL.e:.', IN.::T#:;l '#I-. -5: 
r.- .,j%: 73c N J I L T  X' .  C.i'>T 
C ~ F  '.,; ZH;~: ,,, . :, I<-I'"II I T E  l'..lE2-12\ .1 E.L LLE7 

$ F L f  
y:j'.Tj:'~C. r r . i T 3 . .  z. i . .T 

'Hi%% l i  

POJECT CVGP: 

PALL 
CORPORATION 

PILOT TEST 

3 0  SEA CLIFF AVENUE 
GLEN COVE. NEW YORK 

PHASE IV 
CONSTRUCTION STAGING 

R:JECT kc.: CCNTRACT: 

PALL-GLENCOVE 

?hAING: R N S I O N .  



PHASE V I - - 

PHASE I N J E C T I O N  WE-LS I KUNO, LL8S) I WATER (GALS) 

V I U W - 3 ~ .  4P, 4P I .  HORIZONTAL WELL 1 16.d03 1 3 2 . 0 0 0  1 
A) INJECTION R4T: ?10 GPM (PER NELL) OF 2% KMNOI SOLUT!C)Y 

3) F'RUECrEL, DUEXT,ON OF P M S E  I NJECTION M G T  IS OX5 WEEK. 

C) SEE TXBLE 2 OF IN-SJTU CHEMICAL OXIWTION PiLOT TEST DESIGN 
REPORT FOR COMPLflE OESCRIPTGN OF NVJECTION WELLS, UONITORING 
WELLS. ANO NELD SCRRTN!NG LOCdVONS. 

D,: SEE TABLE 3 OF 1%-SITU CHEM!C4L GX!DATlON PILOT TEST DESIGN 
REPORT FOR .cREOL;EhlCY, DURhTIDN, Ah0  W A I L S  OF MCWTORiEiC 
PROCf7RU 

AUGUST THOYSEN 

YO. DATE 81 "EVISION 

m 
NEH SHLLOW WTASSIUU PEiUPNGAWTi 
INJEC-IS WELL {SCREEN: 5'-25' BCS) 

el YEW INTESYED A T  PCTGShY P E R L W I W d  
IhJEC-1% WELL (SCREEN: 35'-55' BCS? 

RE* I ~ T E R M E D I I K  1N.ECllON *ELL S E  + ,:l{C~T~qd, IWEC,O\ EVENT 

00 NEW IKIEC71%S W L L S  
RCT USED DUF(I\; PHASE Y 

\EW VCNrORIN2 WELL COWL- + N3T U S 9  3URI\G PWS5 Y 

NJECTON S'S-EU S<ID (POKABLE! 

a C C N S T W C T M  - 
--- SCH l o  "VC P FE 

- FLEXIBLE H3SE 

PRCPEQTT L RE 

4- GSOU\:tiATE? 'LC%' DRECTl iR 

+ EXlSTlUC h(O\lTCRl\i WEL- 

- P C  LITIL'TI PO-E 

%o FIRE W O W A T  

W E  CATC- BASIN 

w o  W A T 3  V N C  

a u o  CnS ' M E  
-0 SEVE? WINHOL! 

n o  WWLE 

- E - U'IDERGROUN3 ELECRlC V . E  
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Pennanaanate lniection Desian Calculations for Pilot Test 

Calculation Basis: Length (L): 225 ft. Soil Bulk Density @): 1.35 kg11 

Width 0: 160 ft. Porosity (PJ: 0.30 

Depth (D): 40 ft. Clean SOD for KMn04 (SOD& 4.00 glkg 

Density of Water @,): 62.40 #/fi3 
Desired Makeup Solution (wt %): 2.0% 

Volume of Soil (V) = L x W x D - - 225 x 160 x 40 Metric Conversion 

= 1,440,000 Cu. Ft. - - 40,450 M~ 
= 40,449,600 L 

Pore Volume = V x P, 
= 1,440,000 x 0.3 - - 432,000 Cu. Ft. 
= 26,956,800 Ibs water 

Weight of Soil (WS) = p x V 

Mass (Mp) of KMn04 Required = 
- 
- - 
- - 

Makeup Water for 2% Soln (M,) = - - 
- - 
- - 

Effective in-situ Dosage = 
- - 
- - 

SOD, x WSx I 1000 glkg 
4.00 x 54,606,960 I 1,000 

21 8,428 kg KMn04 
481,119 Ibs. KMn04 

MP I %Desired 
481,119 I 2% 

24,055,930 Ibs water required. 
2,898,305 gallons water 

Metric Conversion 
- - 12,135 M~ 
= 12,134,880 L 

= Approximately 1 % 

Note: Groundwater demand is negligible because 4 glkg SOD used in calculations is highly conservative. 

EnviroSciences, Inc. 
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2 Pilot Test Perrnanaanate Demand (1 a KMn04 I ka Soil Basis1 
C- - 

Calculation Basis: Length (L): 225 ft. Soil Bulk Density @): 

Width 0: 160 ft. Porosity (PJ: 
Depth (D): 40 ft. Clean SOD for KMn04 (SODA: 

Density of Water @,): 
Desired Makeup Solution (%): 

Volume of Soil (V) = L x W x D - - 225 x 160 x 40 

= 1,440,000Cu.Ft. 

Pore Volume = V x P, 
= 1,440,000 x 0.3 - - 432,000 Cu. Ft. 
= 26,956,800 Ibs water 

Weight of Soil (WS) = p x V - - 1.35 x 40,449,600 
= 54,606,960 kg - Mass (Mp) of KMn04 Req'd - soil = SOD, x WS x / 1000 g/kg 
- - 1.00 x 54,606,960 / 1,000 
- - 54,607 kg KMn04 
- - 120,280 Ibs. KMn04 

Mass (Mps) of KMn04 Req'd - gw = Pore Volume x SODS / 1000 g/kg 
= 12,134,880 x 1 .OO / 1,000 - - 12,135 kg KMn04 
- - 26,729 Ibs. KMn04 

Total Mass of KMn04 Req'd (Mm)= MPS + MP 
- - 120,280 + 28,729 
- - 147,008 Ibs. KMn04 

Makeup Water for 2% Soh (M,) = MPT / %Desired - - 147,008 / 2% 
= 7,350,423 Ibs water required. - - 885,593 gallons water 

Metric Conversion - - 40,450 M~ 

= 40,449,600 L 

Metric Conversion 
- - 12,135 M~ 

= 12,134,880 L 

EnviroSciences, Inc. 
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3 Individual lniection Well - Calculations 
* 

Calculation Basis: Length (L): 

Width 0: 
Depth (D): 
No. Wells: 
GPM 

Mass of KMn04 Per Well (Mw)= 
- - 
- - 

Gallons of Water per Well 01,) = 
- - 
- - 
- - 

Effective in-situ Dosage = 
- - 
- 

225 ft. Soil Bulk Density (p): 1.35 kg11 

160 ft. Porosity (PJ: 0.30 

40 ft. Clean SOD for KMn04 (SOD$: 1 .OO g/kg 

36 Density of Water (p,): 62.40 #/ftd 
10 Desired Makeup Solution (%): 2.OO0h 

M~~ / No. Wells 
147,008 / 36 

4,084 Ibs KMn04 per well (assumes same screened length) 

Mw I No. Wells 
7,350,423 I 38 

204,178 Ibs water per well (assumes same screened length) 
24,600 gallons of water per well 

Duration of Injection Events = Gallons S o h  I Injection rate - - 24,600 I 10 
- - 2,460 minutes 
- - 5 days (at 8 hours per day) 

per phase (approximate for 5 wells) 

Add, Locations (MW-3.4. 4PI. & SVE) - A ~ m x i m a t e  Reauirements: 

Pounds of KMn04 per well: 4,084 Ibs KMn04 per well 
No Add'l Wells: 4 

Pounds of KMn04 Req'd: 16,334 Ibs KMn04 

Pounds of Water per well: 204,178 Ibs water per well 
No Add'l Wells: 4 

Pounds of KMn04 Req'd: 816,714 Ibs water 

* 
En viroSciences, Inc. 



OVERVIEW OF MODEL 

A generalized flow model was developed for the Pall site to aid in the design of a 
KMn04 injection scheme. The model allows for optimization of a well layout and 
subsequent injection rates. Additional information was needed to evaluate the placement 
of monitoring wells during the injection process. As a result, transport simulations were 
conducted using this "Box Model" to determine the extent of KMn04 travel in the 
subsurface before completely reacting with the native organic material and contaminates 
present in the ground. A decay rate (half-life) was calculated for KMn04 using field 
measurements and literature values. Simulations were conducted assuming the KMn04 
would be injected into the ground at a maximum rate of 15 gpm for 5 days at each well 
during each injection phase. During the 5 day period the in-situ concentration at any well 
location was assumed to equal 1 g/L after ideal mixing based upon the amount of KMn04 

:r injected. Results of this transport modeling were then plotted at 1, 5, and 20 days in ordc 
to see both the extent of movement during injection and the decline of the KMn04 (i.e., 
amount of reactant consumed) aRer the injection was ended. It should be noted, only on 
of the four clusters of wells (Phase I injection) were simulated to better understand the 
movement without the complexity of multiple injection lines. Similar reaction rates and 
flow patterns are likely for the remaining injection events. 

MODEL SELECTION 

Modeling was completed using MS-VMS, a well-documented MODFLOW 
(McDonald and Harbaugh, 1988) based model. This computer model is an enhanced 
version of MODFLOW developed by HydroGeologic, Inc. which couples groundwater 
flow and transport simulations into a single code. MS-VMS simulates groundwater flov 
in three dimensions using a block-centered, finite-difference approach. MS-VMS was 
selected for this job because of its ease of use, robust matrix solves, and its ability to 
couple the groundwater flow simulations with contaminant fate and transport. 

MODEL SETUP 

The model inputs can be broken down into two sections, groundwater flow and 
transport of KMn04. The following summarizes both sections. 

Groundwater Flow Parameters: 

1) Horizontal grid dimensions = 80 columns by 69 rows with 5 foot spacing. 
2) Vertical Grid dimensions = 10 layer with 5 foot spacing. 
3) Horizontal conductivity = 113 Wday average for site and consistent with 

medium to fine sand (Freeze and Cherry, 1979). 
4) Streams were simulated using standard MODFLOW river cells, and varied in 

stage consistent with topography. - - - -  
5) ~ e c h a r ~ e  was input as approximately 1 Wyr. 



6) Shallow well screens were placed in layers equal to 5 to 25 feet below ground 
surfaces. Each well pumping at 15 gprn maximum. 

7) Intermediate well screens were placed in layers equal to 35 to 55 feet below 
ground surfaces. Each well pumping at 15 gpm maximum. 

Transport Parameters: 

1) Several studies have summarized the scaling of longitudinal dispersion with 
the distance of the contaminant transport (Gelhar and Collins, 197 1). A value 
of 120 feet was maintained throughout the model as a reasonable assumption 
for the longitudinal dispersivity, based on the horizontal extent of the plume. 

2) Transverse dispersivity was set equal to 1110~ the longitudinal dispersivity. 
3) Vertical dispersivity was set equal to 11100~ the longitudinal dispersivity. 
4) Kd, The chemical partition coefficient for KMn04 was set to 0 since KMn04 is 

not an organic compound and is presumed to stay in the liquid phase. 

Injection Design Basis I Parameters: 

KMn04 Makeup Soh. (injected into well): 
soh (wt%) 

2% KMnOl feed 

KMn04 In-situ Conc. &-Reax. (Assuming "perfect" mixing): 1 g/L in-situ 

Injection Rate of KMnO4 Makeup Solution: 15 gpm / well 

Total Pounds of MMnO4 (solid - not solution) Injected at Each Well: Approx. 4,100 
Ibs. pure KMn04 

Chemical Reaction Stoichiometry: 

Rate Constant (fiom UCONN Literature): 

assumes pseudo fist order 

PCE Half-Life with KMnOl Reax: @om UCONN): 202 minutes 

Rate Equation (Pseudo First Order - f?om UCONN): -rm = k~ [KMn04] [PCE] 

Where [XI = Molariy of reactants 

Rate Constant (fiom Cams Literature): 

first order) 

(assumes true 

PCE EIalf-Life with f2ea.x. (hm Carus): 257 minutes 
e 



The modeling results are indicated in figures D-1 (1 days), D-2 (5 days), and D-3 (20 
days). As indicated in the figures, the KMn04 in solution in the aquifer decreases as 
both a hnction of time in the aquifer (i.e., dispersion) and the extent of reaction. Within 
1 day, chlorinated organic concentrations within the immediate vicinity of the injection 
wells should begin to decline. By day 20, only a small residual of KMn04 should remain 
and the reaction will have essentially gone to completion. The effective radius of 
influence of the injection well (i.e., the radial distance from the point of injection wherein 
the KMn04 and chlorinated organic reactions are expected to go to completion) is 
expected to be approximately 30 to 40 feet in the center of the area of contamination. 
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