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1. Introduction 

This Operational Year 3, Quarter Number 4 Annual Monitoring Report (Report) was 
prepared on behalf of the Broome County Division of Solid Waste Management to 
evaluate and document long-term monitoring (LTM) activities at the Colesville 
Landfill, located in Broome County, New York (site). Remediation and monitoring 
activities are being conducted pursuant to the Record of Decision (ROD) and 
Explanation of Significant Difference (ESD) that were issued in March 199 1 and 
September 2000, respectively. LTM activities (which include environmental 
effectiveness and remediation system performance monitoring) were performed in 
accordance with the LTM Plan (ARCADIS G&M, Inc. 2002), LTM Plan Addendum 
for Spring Water Remediation Systems (ARCADIS 2003), Interim Remedial Action 
Report (ARCADIS 2004), and the Proposed Modifications to Long-Term Monitoring 
Program (ARCADIS 2005) which were approved by the United States Environmental 
Protection Agency (USEPA) and New York State Department of Environmental 
Conservation (NYSDEC). Where applicable these elements are either summarized or 
incorporated by reference herein. 

This report provides the data collected from the September 2005 water-level 
measurement round and the results of groundwater quality monitoring conducted 
during Operational Year 3, Quarter Number 4 (annual monitoring event). A 
description of the operation, maintenance, and monitoring (OM&M) associated with 
the Groundwater Remediation System during Operational Year 3, Quarter Number 4 
has also been included. In addition, this report describes SP-5 Spring Water 
Remediation System OM&M activities conducted during this quarter. Included in the 
analysis of results is a summary and discussion of all data collected during Operational 
Year 3 (September 2004 through September 2005). Following the detailed data 
analysis and discussion is a summary of findings, conclusions, and recommendations. 

2. Methodology 

The following section provides a summary of the environmental effectiveness and 
remedial system performance monitoring methodology for Operational Year 3, Quarter 
Number 4. A site plan, which shows the location of environmental effectiveness 
monitoring, is provided on Figure 1. 

2.1 Environmental Effectiveness Monitoring 

The environmental effectiveness monitoring performed during Operational Year 3, 
Quarter Number 4 included the following: 

Colesville Landfill, Broome 
County, New York 
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Water-level (hydraulic) measurements were collected from 18 monitoring wells on 
September 13,2005. 

e In accordance with the Proposed Modifications to Long-Term Monitoring Program 
(ARCADIS 2005), the following groundwater monitoring was completed: 

Groundwater samples (annual monitoring list ofwells with the exception of 
monitoring well PW-5 [see below]) were collected using passive diffusive bag . 

(PDB) samplers from 16 monitoring wells during the week of September 12, 
2005 and selectively analyzed for volatile organic compounds (VOCs) and 
dissolved gases. In addition, grab samples were collected from select wells . 
and analyzed for total organic carbon (TOC). 

Groundwater samples were collected using low-flow (i.e., Micropurge) 
sampling techniques from monitoring wells GMMW-7 and PW-5 during the 
week of September 12,2005 and were analyzed for VOCs, dissolved gases, 
and TOC. 

Groundwater samples were collected using low-flow sampling techniques 
from monitoring wells GMMW-2, GMMW-6, W-6, W-16S, W-18, and W- 
20s during the week of September 12,2005 and were analyzed for VOCs and 
1,4-Dioxane. For clarity, these samples were labeled with the suffix "LF'kt 
the end of each sampling designation. 

The depth to groundwater in monitoring wells was measured using methods consistent 
with those described in the LTM Plan. 

Monitoring wells were purged and sampled using methods described in the LTM Plan 
and Proposed Modifications to Long-Tern Monitoring Program. 

2.2 Groundwater Remediation System Performance Monitoring 

Groundwater Remediation System performance monitoring activities during 
Operational Year 3, Quarter Number 4 were as follows:. 

e Pump-and-treat (PT) system production well influent and effluent samples were 
collected during the OM&M quarterly site visit on September 13, 2005 and 
selectively analyzed for VOCs and total iron. 
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One vapor sample from the PT system air stripper effluent was collected during the 
OM&M qu-pterly site visit on September 13,2005 and analyzed for VOCs. 

Total organic carbon (TOC) samples were collected fiom injection wells IW-2, 
IW-8, and IW-13 on September 13,2005. 

PT system operating parameters were recorded during the quarterly OM&M site 
visit. 

Automated reagent injection (ARI) system operating parameters were recorded 
during each injection event. 

PT system groundwater samples were collected as grab samples directly from 
production wells GMPW-3, GMPW-4 and GMPW-5, the combined influent water to 
the low profile air stripper, and the combined effluent after the cartridge filters. The 
effluent air sample was collected as a grab sample directly from the designated point 
located on the low profile air stripper stack. 

2.3 Spring Water Remediation System Performance Monitoring 

SP-5 Spring Water Remediation System OM&M was conducted on September 15, 
2005. System OM&M was conducted in accordance with the LTM Plan Addendum 
for Spring Water Remediation Systems (ARCADIS 2003) and consisted of recording 
field parameters (discharge flowrate and depth to water in treatment unit) and the 
collection of an influent and effluent spring water sample'for analysis of VOCs. The 
influent sample was collected after removing three well volumes from the influent 
monitoring well, which is located within the SP-5 treatment unit and screened below 
the liquid phase granular activated carbon (LPGAC) zone. The treatment system 
effluent sample was collected as a grab sample &om the discharge pipe prior to 
entering the riprap-lined outlet. All spring water samples were analyzed for VOCs 
using USEPA Method 8260. 

3. Groundwater Flow 

Water-level measurements were made from existing wells on September 16,2005. 
Water-level elevation data for Operational Year 3, Quarter Number 4 is provided in 
Table 1. A summary of water-level elevation data for Operational Year 3 is included 
in this table. Water-level elevations and the groundwater flow direction for the 
September 2005 monitoring event are shown on Figure 1. As shown on Figure 1, the 
groundwater flow direction in the project area (i.e., adjacent to the landfill western 
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perimeter) and site-wide in the Operational Year 3, Quarter Number 4 round was 
consistent with previous rounds. The groundwater flow direction in the project area is 
toward the southwest from the western perimeter of the landfill. The groundwater flow 
direction in areas further to the east of the project area is toward the south/southwest. 

Water-level elevation data for Operational Year 3 was similar to prior rounds of data. 
Seasonal fluctuations are observed during each operating quarter; however, the data 
generally indicate groundwater flow directions consistent with that observed during the 
Operational Year 3, Quarter Number 4 monitoring event. 

4. Groundwater Quality 

The following sections describe the analytical results for groundwater samples 
collected during the September 2005 momtoring round (Operational Year 3, Quarter 
Number 4). A discussion of analytical results for all data collected during Operational 
Year 3 is also provided. Groundwater analytical data for Operational Year 3, Quarter 
Number 4 is provided in Tables 2 and 3. A summary of all analytical data collected 
during Operational Year 3 is also provided on the referenced tables. 

4.1 Volatile Organic Compounds 

A comparison of Operational Year 3, Quarter Number 4 groundwater analytical results 
to previous analytical data indicate that the dissolved phase plume continues to be 
stable and that the anaerobic in-situ reactive zone (IRZ) is completely degrading 
contaminant mass. Data also indicate that groundwater monitoring with PDB samplers 
are a suitable alternative to low-flow sampling techniques at the site. For discussion 
purposes, the results of PDB collected groundwater samples will be used for the 
comparative analysis of data provided below. 

Plume boundary, landfill interior, and landfill perimeter monitoring data indicate that 
the dissolved phase plume is stable. As shown in Table 2, total VOC (TVOC) 
concentrations for plume boundary monitoring wells W-17s and W-18 remained stable 
at 0.0 micrograms per liter (ug/L) and 69.0 u g , ,  respectively. Offsite monitoring well 
W-20s remained stable at 0.0 ug/L. Background monitoring well W-14s also 
remained stable at 0.0 ug/L. Landfill perimeter monitoring wells W-13, PW-7, and W- 
6 remained stable at 0.0 ug/L, 16.4 ug/L, and 72.2, ug/L, respectively. Landfill 
perimeter monitoring well W-7 increased to 438.8 ug/L. Landfill interior monitoring 
well PW-13 exhibited stable concentrations at 29.4 ug/L. Newly installed landfill 
interior monitoring well GMMW-7 had a TVOC concentration of 715.5 ug/L. 
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In general, TVOC concentrations in mid-plume monitoring wells which would be 
affected first by the IRZ were stable to decreasing during the current reporting period. 
Specifically, mid-plume monitoring wells W-16S, PW-3, and PW-4 (located furthest 
from the IRZ), remained stable with TVOC concentrations of 66.7 ugL, 134.9 uglL, 
and 7 1.1 ug/L, respectively. TVOC concentrations in mid-plume monitoring wells 
GMMW-5, GMMW-6, W-5 and GMMW-2 decreased to 520.2 ug5,  969.7 ugL, 
223.6 ug/L and 482.4 ug5 ,  respectively; mid-plume monitoring well PW-5 decreased 
to 3.6 ugL. 

As discussed in the Proposed Modifications to Long-Term Monitoring Program 
(ARCADIS 2005), a subset of monitoring wells were sampled using both low-flow and 
PDB sampler techniques to compare the two methods. Specifically, monitoring wells 
GMMW-2, GMMW-6, W-6, W-16S, W-18, and W-20s were selected to make this 
comparison during the Year 3, Quarter Number 4 monitoring event. Table 2 provides 
the results of this comparison. For wells sampled using the low-flow methodology, a 
suffix of "LF" was added to the sample identification. As shown in Table 2, the two 
methods provided comparable results with an average margin of error of 5-percent. 

A comparative analysis of groundwater analytical data for VOCs during Operational 
Year 3 continue to corroborate historical data and indicate that the dissolved phase 
plume is stable with the exception of September 2005 data collected fiom monitoring 
well W-7 (see Section 10). This observation provides continued evidence that ongoing 
natural attenuation processes are effectively controlling the further migration of the 
plume. Data also indicate that the IRZ is completely degrading mass, particularly at 
the downgradient edge in the vicinity of GMMW-6. 

PT system analytical results for VOCs are provided in Table 4. Groundwater 
analytical results for PT system production wells GMF'W-3, GMPW-4, and GMPW-5 
are consistent with prior rounds of data. Specifically, TVOC concentrations for the 
Operational Year 3, Quarter Number 4 sampling round were as follows: GMPW-3 
(283.6 u a ) ,  GMF'W-4 (388.2 p a )  and GMF'W-5 (16.3 ugIL). A complete 
evaluation of performance monitoring conducted on the PT system is provided in 
Section 7.1.2 of this report. 
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As shown in Table 2, groundwater samples collected from monitoring wells GMMW- 
2, GMMW-6, W-6, W-16S, W- 18, and W-20s were analyzed for presence of 1,4- 
Dioxane. 1,4-Dioxane was not detected in any of the sampled monitoring wells. 

4.3 Indicators of Reducing Conditions 

Groundwater analytical results for biogeochemical parameters and field parameters 
were collected in accordance with the LTM plan and are provided in Table 3. In 
summary, field and laboratory groundwater data for Wells GMMW-5 and GMMW-6 
indicate that strongly reducing conditions are being maintained w~thin the IRZ. This is 
evidenced by the presence of reduced forms of alternate electron acceptors (i.e., 
methane). Further details of the ARI system performance monitoring are provided in 
Section 7.2.2 of this report. 

4.4 Evidence of Biodegradation 2 

Table 3 provides the results of biodegradation end product concentrations in 
monitoring wells and indicates the continued occurrence of bioactivity and 
biodegradation of VOCs within the IRZ. Specifically, the concentration of ethene 
within monitoring wells GMMW-5 and GMMW-6 continue to be elevated when 
compared to baseline conditions. GMMW-5 is located closest to the ARI injection 
wells and would be expected to be the first well to exhibit increases in biodegradation 
end products. Ethene results for monitoring well GMMW-6 remained elevated during 
Operational Year 3, Quarter Number 4 and continue to indicate that the IRZ has 
extended to the vicinity of this well. Additional details on the results of 
biogeochemical monitoring as evidence of Groundwater Remediation System 
performance and effectiveness are discussed in Section 7.2.2 of this report. 

5. Spring Water Quality 

Spring water monitoring was not conducted during Operational Year 3, Quaper 
Number 4 as outlined in the LTM Plan. Nonetheless, Table 5 presents the analytical 
results for spring sampling locations SP-2 and SP-3 during Operational Year 3. As 
shown in Table 5, spring water quality remained relatively stable during the reporting 
year with VOC concentrations below or slightly above the limits of detection. 

Colesville Landfill, Broome 
County, New York 
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6. Surface Water Quality 

A surface water sample was inadvertently not collected at the former SP-4 spring 
location during Operational Year 3, Quarter Number 4 and will'be collected during the 
Operational Year 4, Quarter Number 1 monitoring event. Nonetheless, Table 6 
presents the analytical results for surface water sampling location F-6 and SP-4 during 
Operational Year 3. As shown in Table 6, surface water quality remained stable during 
the reporting year with VOC concentrations below or slightly above the limits of 
detection. The data continue to indicate that surface water is not being adversely 
impacted by the dissolved phase groundwater plume or the former SP-4 spring water 
location. 

7. Groundwater Remediation System Performance 

The following section describes the results of the Groundwater Remediation System 
performance monitoring conducted during Operational Year 3, Quarter Number 4. A 
brief summary of system performance during Operational Year 3 is al~o~provided. 

Colesville Landfill, Broome 
County, New York 

7.1 PT System 

The following section describes the results of the PT system performance monitoring 
conducted during Operational Year 3, Quarter Number 4. Included in the discussion is 
a brief summary of system performance during Operational Year 3. 

7.1.1 Summary of Operation, Maintenance, and Monitoring 

During the Operational Year 3, Quarter Number 4 system operation, the F T  system 
shutdowns or periods of intermittent operation due to mechanical problems were as 
follows: 

As noted in the Operational Year 3, Quarter Number 3 report the PT system 
did not operate between June 3 1,2005 and August 1,2005 due to a motor 
failure of air compressor AC-200. The compressor motor was inspected and 
repaired on August 1,2005. 

During the week of July 25,2005, recovery wells GMPW-3, GWMP-4, and 
GMPW-5 were redeveloped due to a noticeable decline in production (see 
discussion in previous Operation Year 3 quarterly reports). Following 
redevelopment and replacement of the AC-200 motor, the PT system was 
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restarted on August 1,2005. A significant increase in production capacity was 
noted following the redevelopment activities. 

PTsystem OM&M for Operational Year 3, Quarter Number 4 was conducted on 
September 13,2005 and included operation and maintenance of system equipment, the 
collection of system performance samples (water and vapor), and recording system 
operating parameters. As referenced above, redevelopment of recovery wells GMPW- 
3, GMPW-4, and GMPW-5 was also conducted during the reporting period. Table 7 
provides a summary of the recorded system operating parameters for the current 
operating period as well as an annual summary for Operational Year 3. As shown in 
Table 7, the total effluent groundwater recovery rate for Operational Year 3, Quarter 
Number 4 was approximately 0.28-gallon per minute (gpm), with individual recovery 
rates of 0.05-gpm, 0.15-gpm, and 0.13-gpm for production wells GMPW-3, GMPW-4, 
and GMPW-5, respectively. The average individual recovery well rates during 
Operational Year 3, Quarter Number 4 continued to be lower when compared to 
previous operation. As discussed in prevlous quarterly reports, the decline in 
production was the result of well screen fouling, or a similar well condition problem. 
However, as referenced above, all recovery wells were redeveloped during the week of 
July 25,2005. Recovery rate measurements recorded, following redevelopment, 
indicate that the well maintenance effort was successfid. Specifically, individual 
recovery rates increased to at or near system startup conditions. 

A total of 33,099 gallons of groundwater was recovered during Operational Year 3, 
Quarter Number 4 and a total of 939,149 gallons of groundwater has been recovered 
since system startup. The low profile air stripper operated in accordance with the 
design specifications and had a blower discharge pressure of 8.5-inches of water 
column (i.w.c.) and a low profile air stripper blower flowrate of 336 standard cubic feet 
per minute (scfm). 

Overall system performance during Operational Year 3 was generally lower when 
compared to previous operation due to the well condition troubleshooting and 
rehabilitation measures referenced herein and within previous reports. Accordingly, 
the PT system operated continuously but at a reduced capacity. As shown in Table 7, 
the total effluent groundwater recovery rate for Operational Year 3 was approximately 
0.30-gpm, with individual recovery rates of 0.03-gpm, 0.17-gpm, and 0.12-gpm for 
production wells GMPW-3, GMPW-4, and GMPW-5, respectively. A total of 158,200 
gallons of groundwater was recovered during Operational Year 3. 
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7.1.2 Results of Performance Sampling 

PT system performance sampling for Operational Year 3, Quarter Number 4 was 
conducted on September 13,2005. Five groundwater samples and one vapor sample 
were collected during the quarterly sampling round. Groundwater samples collected 
included individual production well samples (GMPW-3, GMPW-4 and GMPW-5), 
total influent, and total effluent after the cartridge filters: The vapor sample was 
collected from the effluent stack of the low profile air stripper. 

Table 4 provides a summary of the PT system performance sampling groundwater 
analytical results for the Operational Year 3, Quarter Number 4 monitoring event as 
well as a summary of all data for Operational Year 3. As shown in Table 4, all 
groundwater VOCs were treated to below their respective Best Professional Judgment 
(BPJ) limits via the low profile air stripper during Operational Year 3, Quarter Number 
4. Total iron after the cartridge filters was 1.38 mg/L for the fourth quarter sampling 
event, which is above the BPJ recommended daily average limit of 0.6 1 mg/L and the 
recommended daily limit of 1.2 mg/L. It should be noted that the cartridge filters were 
replaced immediately following the sampling event. Based on the total groundwater 
recovered.during the reporting period and total influent groundwater concentration, an 
estimated 0.05 pounds (Ibs) of VOC mass were removed from the subsurface during 
the quarterly reporting period, as shown in Table 8. A total of approximately 1.62 Ibs 
of VOCs have been removed from the subsurface since system startup. 

Table 9 provides a summary of the PT system performance sampling vapor analytical 
results for the Operational Year 3, Quarter Number 4 monitoring event as well as a 
summary of all data for Operational Year 3. As shown in Table 9, there were no 
constituents of concern (COCs) detected above the detection limit in the air stripper 
effluent vapor sample during Operational Year 3, Quarter Number 4. To be 
conservative, a NYSDEC DAR-1 air model was calculated using the detection limit of 
all COCs detected in the influent groundwater. All COCs were below their respective 
short-term guidance concentrations (SGCs) and annual guidance concentrations 
(AGCs). Appendix B contains the NYSDEC DAR-1 AGC screening simulation based 
on the hand calculations provided in the NYSDEC DAR-1 AGCISGC tables dated 
December 22,2003. 

As shown in Table 4, the PT system operated effectively during Operational Year 3 
and treated influent VOCs to below their respective BPJ limits during each operational 
period. Total iron after the cartridge filters had two exceedances over its BPJ 
recommended daily average limit due to fouling of the cartridge filter units. The 
cartridge filters continue to be inspected during regular O&M visits to assess the 

Colesville Landfill, Broome 
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changeout frequency needed for efficient operation. As shown in Table 8, a total of 
approximately 0.42 lbs of VOC mass were recovered during Operational Year 3. 
Although an annual summary of NYSDEC DAR-1 screening simulations has not been 
provided herein, all COCs were below their respective SGCs and AGCs during each 
operating period of Operational Year 3. 

7.2 ARl System 

The following section describes the results of the ARI system performance monitoring 
conducted during Operational Year 3, Quarter Number 4. A brief summary of ARI 
system performance for Operational Year 3 has also been provided. 

7.2.1 Summary of Operation, Maintenance, and Monitoring 

The ARI system was operated continuously during the Operational Year 3, Quarter 
Number 4 period with minor shutdowns to perform routine system OM&M and dur i~g  
PT system troubleshooting activities. 

Two reagent injections were completed during Operational Year 3, Quarter Number 4. 
The injection beginning on June 27,2005 was interrupted during the PT system 
troubleshooting activities referenced herein. This injection was completed on August 
3,2005 following restart of the PT system. Based on the number of injection events, 
quantity of molasses solution delivered to each injection well, and molasses solution 
percentage, approximately 5,440-gallons of molasses solution were delivered to the 
subsurface during Operational Year 3, Quarter Number 4. A total of 66,714-gallons of 
molasses solution have been injected since system startup. Appendix C provides a 
summary of the recorded system operating parameters for each of the injection events 
for Operational Year 3, Quarter Number 4. 

Despite intermittent system shutdowns for routine OM&M and equipment repair, the 
ARI system operated effectively during Operational Year 3 and delivered a sufficient 
quantity of organic carbon to the subsurface to maintain the anaerobic IRZ. Based on 
the number of injection events, quantity of molasses solution delivered to each 
injection well, and molasses solution percentage, approximately 16,330-gallons of 
molasses solution was delivered to the subsurface during Operational Year 3. 

Colesville Landfill, Broome 
County, New York 

7.2.2 Results of Performance Sampling 

ARI system performance sampling was conducted on September 13,2005 and 
included the collection of TOC samples from injection wells IW-2, IW-8, and IW-13. 
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In addition to performance sampling conducted explicitly for ARI system monitoring, 
analytical results from select wells sampled under the environmental effectiveness 
monitoring program were also utilized to determine the effectiveness of the A .  
system. 

As discussed previously, Tables 2 and 3 summarize the results of VOCs, and 
biogeochemical and field parameters, respectively, for the ARI system performance 
monitoring and environmental effectiveness Operational Year 3, Quarter Number 4 
sampling event. Analytical results and field parameters indicate that geochemical 
conditions in the current area of ARI system influence exhibit low OW, sufficient 
TOC within injection wells, elevated chlorinated VOC (CVOC) degradation products 
(i.e., ethene and ethane), and elevated reduced forms of alternate electron acceptors 
(i.e., methane). Operational Year 3, Quarter Number 4 analytical data provide strong 
evidence that VOCs are being completely degraded within the TRZ along the 
downgradient flow path. 

Key observations for Operational Year 3, Quarter Number 4 are as follows: 

The TOC concentration in injection wells IW-2, IW-8, and IW-13 remain . 
elevated, indicating that sufficient organic carbon is being delivered to the 
subsurface. 

The ethene concentration in monitoring well GMMW-5 remained elevated 
[9,000 nanograms per liter (ng/L)] when compared to baseline conditions. 

The methane concentration in monitoring well GMMW-5 increased to 24,000 

clgn. 

Ethane and ethene concentrations in monitoring well GMMW-6 remained 
elevated at 930 and 73,000 ng/L, respectively. 

The methane concentration in monitoring well GMMW-6 remained elevated 
(870 ugL) when compared to baseline conditions. 

As referenced previously, TVOC concentrations remained stable within well GMMW- 
5 during Operational Year 3, Quarter Number 4 when compared to the previous quarter 
analyhcal results. TVOC concentrations in well GMMWd remained stable when 
making the same comparison. 
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The anaerobic IRZ continued to be maintained and completely degrade VOC mass 
during Operational Year 3, as evidenced by strongly reducing conditions in the vicinity 
of the injection wells, obsewation of degradation end products, and observation of 
reduced forms of alternate electron acceptors. 

A summary of key observations for Operational Year 3 are as follows: 

Elevated TOC observed within injection wells and m well GMMW-5 indicates 
that sufficient organic carbon is being delivered to the subsurface to maintain 
the anaerobic IRZ. 

Ethene concentrations in monitoring well GMMW-5 remained an order of 
magnitude above baseline conditions during the operational year. 

Methane concentrations in monitoring well GMMW-5 increased to 24,000 
ugL during the operational year; and, 

Ethene concentrations in monitoring well GMMW-6 remained significantly 
above baseline conditions during the operational year. 

Figure D-1 (see Appendix D) presents a summary of groundwater data for monitoring 
well GMMW-6 since the baseline monitoring event conducted in July 2002. As shown 
on Figure D-1, the decline in contaminant mass (primarily 1,2-DCE) corresponds to a 
significant increase in methane and degradation end product (ethene). This trend is 
typical for successhl IRZs. 

8. Spring Water Remediation System Performance 

SP-5 Spring Water Remediation System OM&M was conducted on September 15, 
2005 in accordance with the LTM Plan Addendum for Spring Water.Remediation 
Systems (ARCADIS 2003). SP-5 Spring Water Remediation System Operational Year 
3, Quarter Number 4 analyhcal results are provided in Table 10. A summary of all 
analyhcal results for Operational Year 3 is also provided. As shown in Table 10, 
nearly all effluent COCs were treated to below their respective BPJ limits via the 
LPGAC during the operating quarter with the exception of a slight exceedance of 
chloroethane. As a result of the exceedance, the LPGAC was replaced during the 
subsequent quarterly operating period. 

Table 11 contains the SP-5 Spring Water Remediation System operational parameters 
recorded during the current operation quarter and provides a summary of Operational 
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Year 3 data. As shown in Table 1 1, the recorded instantaneous flowrate was 1.13 gpm 
for the Operational Year 3, Quarter Number 4 monitorhg event. Approximately 
11 8,973 gallons of spring water was treated and approximately 0.09 Ibs of mass was 
recovered during the Operational Year 3, Quarter Number 4 operating period. An 
estimated 788,198 gallons of spring water has been treated and an estimated 0.59 lbs of 
VOC mass has been recovered since system startup. 

As shown in Tables 10 and 1 1, the SP-5 Spring Water Remediation system operated 
effectively during Operational Year 3 and reduced groundwater VOCs to below their 
respective BPJ limits during each operational period, with the exception of the slight 
chloroethane exceedance referenced above. An estimated 528,582 gallons of spring 
water was treated and an estimated 0.37 lbs of VOC mass was recovered during 
Operational Year 3. 

9. Conclusions 

Based on the data obtained from the Operational Year 3, Quarter Number 4 monitoring 
and overall system performance during Operational Year 3, ARCADIS concludes the 
following: 

The groundwater flow direction in the project area (i.e., adjacent to the landfill 
western perimeter) and site-wide in the September 2005 round was consistent with 
previous rounds. The groundwater flow direction in the project area is toward the 
southwest from the western perimeter of the landfill. The groundwater flow 
direction in areas Wher  to the east of the project area is toward the 
south/southwest. 

The anaerobic IRZ established downgradient of the injection transect is 
successllly reducing the concentration of site-related VOCs through enhanced 
reductive dechlorination. TVOC analyhcal results in monitoring well GMMW-6 
decreased significantly during the operational year while the concentration of 
methane and ethene remained elevated. 

Site-wide groundwater analytical data for VOCs is consistent with site historical 
data and indicate that the dissolved phase plume is stable. This observation 
provides continued evidence that ongoing natural attenuation processes are 
effectively controlling the further migration of the plume in areas beyond the 
present-day influence of the IRZ. 
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The PT system is operating as designed and is treating recovered groundwater 
VOCs to below BPJ limits prior to discharge. 

Sufficient organic carbon was delivered to the subsurface to maintain the IRZ as 
evidenced through the analytxal data. 

The SP-5 Spring Water Remediation System is operating as designed and is 
treating spring water VOCs to below BPJ limits prior to discharge. 

PDB and low-flow sampling techniques produced comparable analytical data with 
an average deviation of 5-percent. 

1,4-Dioxane was not detected in any of the sampled monitoring wells during the 
Operational Year 3, Quarter Number 3 and Quarter Number 4 monitoring events 
despite the presence of 1,1,1-TCA in site groundwater. 

10. Recommendations 

ARCADIS recommends the following based on the findings presented herein: 

Based on the comparative analysis of PDB and low-flow sampling techniques 
provided herein, it is recommended that the use of PDBs be employed at the Site in 
accordance with the Proposed Modifications to Long-Tern Monitoring Program 
(ARCADIS 2005). 

Based on the results for 1,4-Dioxane during the Operational Year 3, Quarter 
Number 3 and Quarter Number 4 monitoring events, it is recommended that the 
sampling of 1,4-Dioxane be discontinued. 

Resample monitoring well W-7 during the Operational Year 4, Quarter Number 2 
monitoring event as a result of the anomalous increase in TVOC concentrations. 

Resample surface water in the vicinity of the former S P 4  spring location during 
the Operational Year 4, Quarter Number 1 monitoring event. 

Based on recent experience at similar sites using enhanced biodegradation as a 
remedial measure for groundwater, it is recommended that larger volumes of a 
more dilute electron donor solution be injected into the subsurface. The benefits of 
the recommended methodology are as follows: 
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9 Injection of a larger volume ensures complete coverage of the target zone and 
enhances contact with adsorbed phase contaminant mass. 

9 Injection at a more dilute solution strength reduces the risk of pH fluctuations 
caused by fermentation of excess organic carbon. 

9 The proposed methodology requires less frequent injections and optimizes the 
use of electron donor solution. 

11. Project Schedule 

Groundwater environmental effectiveness monitoring is scheduled to be conducted for 
Operational Year 4 on the quarterly schedule set forth in the Proposed Modifications to 
Long-Term Monitoring Program (ARCADIS 2005). System OM&M of the 
Groundwater Remediation System will continue to be performed on a quarterly basis 
consistent with the LTM Plan. In accordance with the methodology outlined in the 
Interim Remedial Action Report, monitoring of spring location SP-4 will be conducted 
from the North Stream, immediately downgradient of the former spring location. 
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