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1.0 INTRODUCTION

VT Group has been contracted by the Department of the Navy, Engineering Field Activity Southeast,
Resident Officer in Charge of Construction, Kings Bay, Georgia to provide operating support services as
the Base Operating Support Contractor. Under the Prime Contract N69272-00-D-3170, VT Group has
been contracted to provide groundwater monitoring services at Site 11, Old Camden County Landfill at
the Naval Submarine Base (SUBASE) Kings Bay in accordance with the approved Groundwater
Monitoring Plan (GWMP; Bechtel, 1999a). This Quarterly Groundwater Monitoring Report provides:

A historical summary of site activities

A summary of the monitoring activities that were performed from October to December 2009;
A presentation of the data from the activities performed;

An assessment of the current and historical data;

A summary of the activities planned for the period of January to March 2010.

Nk W=

1.1 SITE DESCRIPTION AND HISTORY OF LANDFILL ACTIVITIES

SUBASE Kings Bay is located in the southeast corner of Georgia, approximately 8 miles north of the
Georgia-Florida state line. The SUBASE includes approximately 16,168 acres and is located in Camden
County, Georgia. Currently, the base supports submarines, crew training, weapons handling and storage,
submarine maintenance and associated personnel (Bechtel, 1999a).

Site 11, Old Camden County Landfill, is located along the northwest boundary of SUBASE Kings Bay.
Immediately west of the site is the Crooked River Plantation residential subdivision. Landfill dimensions
are approximately 1,400 feet long, 600 feet wide at the south end and 800 feet wide at the north end. The
landfill was operated by Camden County from 1974 to 1981. During operation, trench and fill techniques
were used for disposal of municipal waste. The landfill reportedly accepted 100 cubic yards of fire-
fighting pit sludge from a dredge spoils disposal area. The landfill ceased operations in October 1981 and
was covered with 2 feet of fill. The site is currently vegetated with grass, weeds and pine saplings
(Bechtel, 1999A). A site map is provided as Figure 1.

1.2 NATURE AND EXTENT OF CONTAMINATION

The original extent of contamination is difficult to determine, because throughout the monitoring events
associated with various remediation efforts, new data has continued to reveal previously unknown
information concerning the extent of contamination at the site. The effect of the remediation efforts are
difficult to estimate with respect to areas of contamination that had not been discovered prior to
remediation, therefore it is also difficult to estimate the extent of these areas in their original state (prior to
any remediation).

1.2.1 Prior to Remediation Activity (Original Nature and Extent)

The horizontal extent of the plume prior to installation of the pump and treat system was reported in the
RCRA Facility Investigation (RFI) Interim Report (ABB-ES, 1993) as shown in Figure 2 for the 32 to 42
feet below ground surface (5 ft to -5 ft mean low water) interval. This plume was defined by the ABB
Environmental Services (ABB-ES) using hydrocone sampling, monitoring well sampling and both on-site
and off-site analysis of groundwater samples. No data was provided from within the boundaries of the
former landfill.

The cross section representing the vertical extent of the plume according to the RFI Interim Report is
shown as A-A’ on Figure 3 and the vertical extent of contamination is shown on Figure 4. This plume
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was interpreted by ABB-ES based on hydrocone samples and both on-site and off-site analysis of
groundwater samples. This cross section contains no points within the boundaries of the former landfill.

Targeted compounds during the RFI included vinyl chloride, trans-1,2-dichloroethene (DCE), cis-1,2-
DCE, trichloroethene (TCE), tetrachloroethene (PCE), benzene, toluene, ethylbenzene, m/p-xylene, and
o-xylene (ABB-ES, 1993).

1.2.2 Subsequent to Remediation Activity (Current Nature and Extent)

The most current groundwater concentration data is provided in Tables 3 through 5 based upon the most
recent groundwater sampling events performed in accordance with the GWMP. Outside the boundary of
the landfill, the plume appears to have reduced in magnitude but has yet to show significant reductions in
extent at the one microgram per liter (ug/l) contour. Groundwater Protection Standard (GWPS)
compounds detected above the laboratory method reporting limit during the November 2009 sampling
event included PCE, TCE, cis-1,2-DCE, chlorobenzene, and 1,4-dichlorobenzene.

Within the boundaries of the horizontal plume, only monitoring well KBA-11-13B is screened below the
intermediate zone that extends from 30 to 45 feet below ground surface (ft bgs). Monitoring well KBA-
11-13B, which is located downgradient from the landfill and is screened from 77 to 87 ft bgs, exhibited
no detectable concentrations of GWPS constituents during five consecutive annual sampling events from
1999 to 2003. The most current data concerning the vertical extent of contamination within the landfill
boundary is found in the Construction Completion Report, Groundwater Remediation at Site 11 Old
Camden County Landfill, Revision No. 02 (CCI, 2004). The data collected during the groundwater
sampling events performed in accordance with the GWMP is limited in the source area to 37 ft bgs. For
this reason, please refer to the referenced Construction Completion Report for comprehensive data with
respect to the vertical dimension.

1.3 SUMMARY OF PREVIOUS REMEDIATION EFFORTS

1.3.1 Pump and Treat Activities

A groundwater extraction and treatment system was designed and installed as an interim measure (IM) to
hydraulically control further migration of contaminated groundwater. Initial construction of the IM began
in September 1993 with start-up activities occurring in March 1994. The first phase of the IM included
the installation of five groundwater recovery wells and their associated conveyance system, a diffused
aeration tank for groundwater treatment, and vapor-phase carbon drums for off-gas air treatment. The
recovery wells were positioned in the areas with the highest known concentrations of contaminants along
the western side of the landfill and right-of-way of Spur 40. The second phase of the IM included the
addition of a new recovery well which was centrally located within the existing recovery well network
(Bechtel, 1998). The third phase of the IM included the shut down of all previously installed recovery
wells and the installation and activation of two new recovery wells located within the boundaries of the
former landfill. These were activated in February 1999 but were shut down in March 1999 due to
repeated fouling of the wells, pumps and effluent piping (Bechtel, 1999).

1.3.2 In-Situ Chemical Oxidation Activities

Bechtel Environmental, Inc. (Bechtel), with Geo-Cleanse International, Inc. (GCI), performed three
phases of in-situ chemical oxidation treatment during the period of August 1998 to April 2000. During
the three phases of the treatment program, a total of 54 injectors were installed and an approximate total
of 34,850 gallons of 50 percent hydrogen peroxide and an equivalent volume of ferrous iron catalyst were
delivered to the subsurface. During the post-injection sampling events following the third phase of
injections, it was discovered that Injector 60 had rebounded from a low PCE concentration of 69 ug/l to a
PCE concentration of 10,000 ug/l, indicating that a PCE source was still present (CCI, 2002).
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CH2MHIill Constructors, Inc. (CCI) performed additional source delineation during the period of
November 2000 to January 2001, collecting groundwater samples using a membrane interface
probe/direct-push technology rig. The most concentrated source area was determined to be in the vicinity
of Injector 60 at the 44 to 48 ft bgs depth interval, which exhibited a PCE concentration of 54,078 ug/l.
Based upon these results, CCI installed 20 additional injectors and performed a fourth phase of in-situ
chemical oxidation treatment during the period of September to November 2001, in which an
approximate total of 11,365 gallons of 50 percent hydrogen peroxide and 12,220 gallons of ferrous iron
catalyst were injected into the subsurface. No post-injection sampling was performed (CCI, 2002).

1.3.3 pH Adjustment/Soybean Oil Injection Activities

Subsequent to the fourth phase of in-situ chemical oxidation, during the period of December 2001 to
January 2002, the pH of the groundwater was adjusted and soybean oil was injected into the subsurface to
enhance natural degradation of residual contaminants. A total of 5,500 gallons of potassium hydroxide
solution (pH of 9 standard units) was injected to accomplish the desired pH adjustment from 5 to 7.5
standard units. Following the pH adjustment, a total of 8,839 gallons of emulsified soybean oil mixed
with 16,369 gallons of water was injected at 39 temporary injection points in the source area, typically at
depths of 28 to 48 ft bgs (CCI, 2002).

1.4 SUMMARY OF CORRECTIVE ACTION PLAN OBJECTIVES

The objectives for remediation at Site 11 are stated in the Corrective Action Plan as follows:

“Concentrations of total chlorinated ethenes (summation of PCE, TCE, DCE, and VC) must be reduced to
less than 100 ug/I at each monitoring well associated with this site. This criterion is based upon the

information provided in the report, Selecting Remediation Goals by Assessing the Natural Attenuation
Capacity of Ground-Water Systems (USGS, 1998).” (SUBASE Kings Bay, 2001)

1.5 SUMMARY OF ONGOING USGS STUDY OF NATURAL ATTENUATION

A natural attenuation study has been conducted at Site 11 by the United States Geological Survey (USGS)
since 1998. The most recent available update on this study is found in the report, Monitoring the
Effectiveness of Natural Attenuation at the Old Camden County Landfill, Kings Bay Naval Submarine
Base, Georgia (USGS, 2009). The chlorinated ethene concentration results are summarized below:

1. A total of 18 wells are being sampled in conjunction with the USGS study.

2. All data associated with the study is based upon samples from monitoring wells that are
installed at least 60 ft downgradient from the Injector 60 source area.

3. From August 1998 to September 2008, significant decreases in total chlorinated ethene
concentrations (up to 99.5 percent) have been observed in most of the monitoring wells
associated with the study.

4. The most currently reported total chlorinated ethenes concentrations (September 2008) in the
downgradient portion of the plume range from 1.2 ug/l (USGS 9 and USGS 14) to 82 ug/l
(USGS 10).

5. Of the 18 wells sampled during September 2008, none exhibited total chlorinated ethene
concentrations above 100 ug/l.

6. A total of seven of the eighteen monitoring wells (USGS 3, 6, 7, 9, 13, 14, and 15) that are
being monitored in conjunction with the study have been below GADNR Maximum
Contaminant Levels (MCLs) per Chapter 391-3-5-.18 for at least eight consecutive quarters.
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7. Downgradient monitoring well USGS 4 continues to exhibit a significant downward trend in
total chlorinated ethene concentrations. This well contains the highest known concentrations
at the site and is the northern most data point with concentrations of this magnitude.

8. Monitoring wells USGS 3, 5 and 11 are also exhibiting downward trends in TCLE
concentrations. The concentration trends at the remaining USGS wells appear relatively
stable.

9. PCE, in relatively low concentrations, has migrated into some of the downgradient locations
(USGS 2, USGS 3 and USGS 15) monitored in conjunction with the USGS study. Please see
Section 4.1 of this report for a further discussion of the PCE plume at Site 11.

10. Monitoring wells KBA-11-13A and KBA-11-34 have exhibited chlorinated ethene
concentrations that have been consistently lower in the samples collected by USGS than those
collected by VT Group in relatively close time proximities. The cause may have been
occurring in the laboratory or may have been related to differences in sample collection
procedure and/or technique. The cause was investigated during the monitoring period and
details of the investigation are provided in the appropriate sections of this report.

2.0 SUMMARY OF GROUNDWATER MONITORING ACTIVITIES

Currently, monitoring wells KBA-11-13A, KBA-11-16, KBA-11-34, and KBA-11-37 are being sam pled
on a quarterly basis and monitoring wells PS-2, KBA-11-10B, KBA-11-11A (background; Appendix IX),
KBA-11-13A (Appendix IX) and the irrigation well located at 122 Plantation Court are being sampled on
an annual basis. Per the GADNR recom mendation provided during a conference call between Way ne
McKenzie and Thom as Stofflet of SUBASE and Mo Ghazi and Am y Potter of GADNR on January 14,
2009, an additional four m onitoring wells, in cluding KBA-11-15, KBA-11-17B, KBA-11-20 and KBA-
11-21, located in the roadway of Crooked River Subdivision (See Figure 1),  have been added to the
groundwater m onitoring program . These sentinel wells are now being sam pled on a semi-annual
frequency for GWPS constituents.

One groundwater monitoring event was performed by VT Group during the period, from November 2-4,
2009. Activities performed during the monitoring event included well inspections, well measurements,
and quarterly/semi-annual groundwater sampling and analysis. Weather conditions during the
groundwater sampling event were clear and sunny with temperatures in the low 50’s in the morning to
low 70’s in the afternoon. There was 0.20 inches of rainfall during the week preceding the groundwater
sampling event. For the month of October 2009, a total of 0.82 inches of rainfall occurred.

2.1 WELL INSPECTIONS

All wells were inspected for aboveground damage or well deterioration. Generally, all wells were
structurally sound with no aboveground damage.

As previously reported, monitoring well PS-2 contains an unknown obstruction in the bottom of the well.
It was previously recommended that this well continue to be used for monitoring purposes as most of its 5
foot screen appears to have remained intact and unobstructed (VT Group, 2006). It is noted that PS-2 is
reported to have been originally screened from 33 to 38 ft btoc (Bechtel, 1999a).

Per the direction of the Navy, with approval by the Georgia Department of Natural Resources (GADNR),
recovery wells RW-6, RW-7, and RW-8 were abandoned on October 30, 2001. The work was performed
under Delivery Order 640 of Prime Contract N69272-00-D-3170, by a licensed driller in accordance with
the Georgia Water Well Standards Act.
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Per the direction of the Navy, with approval by the GADNR, the shallow (screened from about 16 to 20 ft
bgs) irrigation well located at 122 Plantation Court was abandoned on March 21, 2003. A deeper
irrigation well (open-hole from 132 to 260 ft bgs) was installed at this location from March 20-21, 2003.
The work was performed by Woodrow Sapp Water Well Contractor, Inc under Prime Contract N69272-
02-M-3015.

2.2 WELL MEASUREMENTS

Depth to water and total well depth was recorded on November 2, 2009 at a total of 19 monitoring wells.
Water levels and well depth measurements were performed using an electronic water level indicator,
accurate to 0.01 feet. All water level measurements were recorded with respect to a surveyed reference
point located at the top of the well casing. Measurements were recorded two times over an eight-hour
period and stabilization of static water level was assumed when two consecutive readings recorded at least
one hour apart were within 0.01 feet. The total well depth was measured using the electronic water level
indicator by lowering the probe until the bottom of the well was reached. Total depth measurements were
made with respect to a surveyed reference point located at the top of the well casing. All monitoring well
measurements were obtained prior to sampling to avoid interference by purging activities.

2.3 GROUNDWATER SAMPLING AND ANALYSES
2.3.1 Monitoring Well Sampling

One groundwater monitoring event was performed by VT Griffin during the period, from November 2-4,
2009. Activities performed during the monitoring event included well inspections, well measurements,
and quarterly/semi-annual groundwater sampling and analysis. During the sampling event, groundwater
samples were generally collected from the monitoring wells in order of least contaminated to most
contaminated, based upon historical data. Prior to sampling, all monitoring wells were purged using the
low-flow (minimal draw down) method. Prior to purging, the intake of a dedicated piece of Teflon™
tubing (3/16-in. OD by Y4-in. ID) was positioned near the center of the monitoring well screen.
Groundwater was then purged through the tube using a peristaltic pump, Geotech Model Geopump 2.
Water quality parameters, including temperature, pH, conductivity, oxygen-reduction potential, turbidity,
and dissolved oxygen were measured every two gallons while purging. After parameters stabilized within
10 percent, a sample was collected and containerized for chemical analysis. All samples were submitted
to Columbia Analytical Services (State of Florida NELAC accreditation #E82502) for analyses using
standard chain-of-custody procedures as specified in the GWMP. All purge water was containerized in
drums and properly disposed.

2.3.2 Monitoring Well Analyses

Groundwater samples collected from monitoring wells KBA-11-13A, KBA-11-15, KBA-11-16, KBA-11-
17B, KBA-11-20, KBA-11-21, KBA-11-34, and KBA-11-37 were analyzed by Columbia Analytical
Services for GWPS compounds by EPA Method 8260B.

2.3.3 Irrigation Well Sampling and Analyses

A total of three irrigation wells in the Crooked River Plantation subdivision, located across the highway
from the Kings Bay Naval Submarine Base, were initially included in the groundwater sampling program.
These locations were not included in the GWMP and were selected for sampling based upon the results
from a comprehensive irrigation well survey that was performed in 1998. The selected locations included
irrigation wells located at 102 Plantation Court, 122 Plantation Court, and 108 Cottage Court.

In letter dated February 27, 2004, the GADNR approved the recommendation to delete the irrigation well
located at 108 Cottage Court from the sampling program, on the basis that contaminant detections had not
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exceeded the GWPS for three consecutive years. In letter dated December 23, 2005, the GADNR
approved the recommendation to delete the irrigation well located at 102 Plantation Court from the
sampling program, on the basis that contaminant detections had not exceeded the GWPS for two
consecutive annual sampling events. In the same (December 23) letter, the GADNR approved reducing
the sampling frequency at 122 Plantation Court from quarterly to annually on the basis that except for one
anomaly, contaminant detections have not exceeded the GWPS in 2’4 years. The most recent annual
sampling event for GWPS constituents was performed at the irrigation well located at 122 Plantation
Court on May 5, 2009.

3.0 DATAPRESENTATION

This section provides a summation and tabulation of all field measurements and analytical results
associated with the groundwater monitoring program.

3.1 MONITORING WELL MEASUREMENTS

Depth to water and depth to monitoring well bottom were measured at 19 monitoring wells as described
in Section 2.2, using an electronic water level indicator. Based upon the data, ground water flow in the
intermediate zone appears to be generally west to northwest. A summary of the data recorded during the
monitoring well measurement evolution is provided in Table 1.

3.2 GROUNDWATER MONITORING WELL PURGING PARAMETERS

Water quality parameters including temperature, conductivity, dissolved oxygen, turbidity and oxygen
reduction potential were measured at each sampling location every two gallons during purging activities
using a Horiba U-22 water quality meter, which was calibrated in accordance with manufacturer’s
specifications prior to use. Parameters generally stabilized within ten percent after eight gallons of
groundwater were purged from each monitoring well. Table 2 provides a summary of the stabilized
parameters (last data set recorded) at the time of sample collection.

A summary of the monitoring well purging and sampling records for the November 2009 sampling event
is included in Appendix A.

3.3 ANALYTICAL RESULTS

A total of eight monitoring wells were sampled during November 2009. All samples were analyzed as
described in Section 2.3. A summary of the analytical laboratory results is provided in Table 3.
Analytical laboratory reports are provided in Appendix B.

3.3.1 Groundwater Protection Standard Analytical Results

Three of the eight monitoring wells that were sampled for GWPS compounds, KBA-11-13A, KBA-11-34,
and KBA-11-37, exhibited concentrations that exceeded one or more of the GWPS constituent standards
during November 2009. A summary of the GWPS standard exceedances is provided below.

1. Monitoring well KBA-11-13A, located approximately 150 ft downgradient from the source area,
exhibited elevated concentrations of PCE at 8.8 ug/l, 13 ug/l and 12 ug/l (sample and duplicates,
respectively) and TCE at 7.6 ug/l, 10 ug/l and 9.2 ug/l (sample and duplicates, respectively).

2. Monitoring well KBA-11-34, located within the source area, exhibited an elevated concentration
of cis-1,2-DCE at 140 ug/I.

3. Monitoring well KBA-11-37, located approximately 600 ft downgradient from the source area,
exhibited an elevated concentration of chlorobenzene at 2.3 ug/I.
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A summary of the analytical laboratory results is provided in Table 3. Analytical laboratory reports are
provided in Appendix B.

3.3.2 Subdivision Irrigation Wells Analytical Results

Annual sampling of the irrigation well located at 122 Plantation Court was last performed on May 5,
2009. All GWPS constituent concentrations were below the respective laboratory method reporting limit
for the fourth consecutive annual sampling event. Historical analytical results are presented in Table 4.

3.4 QUANTITY OF HYDROCARBONS REMOVED

Per the direction of the Navy, with approval by the GADNR, the pump-and-treat remediation system at
Site 11 was dismantled during November 2001 under Delivery Order 651 of Prime Contract 69272-00-D-
3170. For this reason, the quantity of hydrocarbons removed calculation no longer applies.

4.0 DATAASSESSMENT
4.1 OBSERVATIONS

1. With the possible exception of monitoring well PS-2, which appears to contain an unknown
obstruction as stated in Section 2.1, all of the monitoring wells were in good condition and are
functioning adequately for evaluating the hydrologic conditions and groundwater quality.

2. Of the eight monitoring wells sampled during November 2009, only KBA-11-34 (144.04 ug/l)
exhibited total chlorinated ethene concentrations above the Corrective Action Plan objective of
100 ug/l stated in Section 1.4.

3. All constituent concentrations were below GWPS standards at KBA-11-16 for the third
consecutive quarterly sampling event.

4. The concentration of cis-1,2-DCE at source area monitoring well KBA-11-34, which had been
exhibiting an upward trend, decreased from 180 ug/l in August 2009 to 140 ug/l during
November 2009. A similar spike, plateau, and subsequent decrease of 1,2-DCE was observed at
KBA-11-34 during the period of November 2004 to May 2006. As there has historically been no
known source of cis-1,2-DCE contamination at Site 11, this trend is likely the result of natural
attenuation of PCE and TCE concentrations located further upgradient.

5. Monitoring well KBA-11-37 continued to exhibit a stable concentration of chlorobenzene during
November 2009 at a concentration of 2.3 ug/l. The only constituent that is exhibiting
concentrations above GWPS standards at KBA-11-37 is chlorobenzene and it is relatively close
to the GWPS standard of 1.0 ug/l.

6. During the period of 1999 to 2004, PCE began to appear in monitoring wells USGS 1, USGS 2,
USGS 3 and USGS 15, all of which are in the line of USGS wells closest to the source area, about
100 ft downgradient from the source area and 50 ft upgradient from KBA-11-13A. PCE
concentrations have since decreased to below laboratory detection limits at USGS-1.

7. A possible explanation for the extended PCE plume is that the subsurface reactions that occurred
during the chemical oxidation treatments that began in 1998 have relocated and agitated the
groundwater within the PCE plume, thereby extending the horizontal dimensions of the
detectable PCE concentrations. It is noted that there is no evidence that any source level PCE
concentrations have been pushed downgradient. Without having current source area data,
conclusive determinations cannot be made, but it is possible that the PCE plume has changed
from being characterized by a concentrated source with limited migration due to natural
attenuation, to being characterized by having almost no distinct source area but slightly more
widespread due to the aggressive treatment activity.

8. No exceedances were found from the four sentinel wells (i.e., KBA-11-15, KBA-11-17B,
KBA-11-20, and KBA-11-21) that were recently added to the monitoring plan and sampled
semi-annually for GWPS constituents.

Site 11 Report 7 Revised
July 6, 2010
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4.2 RECOMMENDATIONS
The GWMP (Bechtel, 1999) provides the following exit criteria for monitoring wells:

e “Groundwater monitoring wells where the Groundwater Protection Standard has been met for four
consecutive quarters will be reduced to annual sampling.

e Groundwater monitoring wells where the Groundwater Protection Standard has been met for two
annual sampling events will be omitted from the sampling program.

o After termination of the corrective action, three groundwater monitoring wells will be selected for
annual sampling and analyses to demonstrate compliance with the Groundwater Protection
Standard for three consecutive years. One of these wells will be offsite well KBA-11-37. The other
two wells selected for monitoring will be those that exhibited the most frequent/consistent
occurrence of Grounawater Protection Standard exceedances.

e After demonstration of compliance with the Groundwater Protection Standard for three consecutive
years, compliance monitoring of Site 11 will be terminated.”

A total of two wells that are currently in the sampling program, KBA-11-10B and the irrigation well
located at 122 Plantation Court, have previously met the criteria described in the first bullet above and
have now met the second criteria as no concentrations have been measured in these two wells above
GWPS criteria for four consecutive annual sampling events. For this reason, it has been previously
recommended that both of these locations be omitted from the sampling program. However, per the
teleconference between SUBASE and GADNR on January 14, 2009 (McKenzie, Stofflet, Potter and
Ghazi), SUBASE will continue monitoring these two wells until further re-evaluation of the overall
monitoring program has been completed by GADNR.

No other recommendations are appropriate at this time. Future recommendations will be provided, as
appropriate, when GWMP exit strategy milestones are attained.

5.0 PROJECTED WORK FOR THE NEXT REPORTING PERIOD

VT Group will continue quarterly/semi-annual/annual monitoring in accordance with the GWMP and all
approved modifications. The next quarterly/semi-annual/annual monitoring event is scheduled for
February 2010.
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Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay
October - December 2009

Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured
Identification Date Elevation Water Elevation Depth Depth
(ft msl) (ft btoc) (ft msl) (ft btoc) (ft btoc)
KBA-11-02 8/2/1999 36.02 11.37 24.65 13.90 15.42
11/8/1999 9.61 26.41 15.19
2/4/2000 11.50 24.52 15.30
5/2/2000 10.10 25.92 14.00
8/8/2000 No water No water 10.80
11/8/2000 8.65 27.37 10.60
2/6/2001 10.18 25.84 10.18
5/1/2001 9.53 26.49 10.65
8/7/2001 8.13 27.89 10.87
11/6/2001 8.07 27.95 10.88
2/5/2002 8.60 27.42 11.00
5/6/2002 9.71 26.31 10.90
8/5/2002 10.11 2591 10.88
11/4/2002 6.85 29.17 10.97
2/4/2003 7.65 28.37 10.90
5/5/2003 7.55 28.47 11.00
8/4/2003 8.47 27.55 11.01
11/3/2003 9.98 26.04 11.30
2/3/2004 11.44 24.58 14.95
5/3/2004 11.37 24.65 11.46
8/3/2004 10.80 25.22 14.95
11/1/2004 7.60 28.42 11.35
2/7/2005 9.35 26.67 10.70
5/2/2005 7.47 28.55 11.09
8/1/2005 8.40 27.62 11.10
10/31/2005 5.48 30.54 10.87
1/30/2006 6.01 30.01 15.70
5/1/2006 7.81 28.21 15.66
7/31/2006 10.06 25.96 15.68
11/14/2006 12.01 24.01 15.73
2/6/2007 11.36 24.66 15.75
5/7/2007 12.71 23.31 15.75
8/10/2007 10.40 25.62 15.75
11/5/2007 9.02 27.00 15.74
1/31/2008 10.23 25.79 15.76
4/30/2008 10.11 2591 15.75
8/5/2008 11.69 24.33 15.76
11/4/2008 10.89 25.13 15.77
2/3/2009 11.98 24.04 15.76
5/4/2009 10.16 25.86 15.75
8/4/2009 8.44 27.58 15.76
11/2/2009 8.53 27.49 15.76

ft = feet
msl = above mean sea level
btoc = below top of casing 13
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-03B 8/2/1999 33.49 10.01 23.48 47.00 47.82
11/8/1999 8.54 24.95 47.77
2/24/2000 9.50 23.99 49.10
5/2/2000 8.70 24.79 47.10
8/15/2000 10.40 23.09 47.50
11/6/2000 7.78 25.71 47.50
2/5/2001 8.67 24.82 47.50
5/1/2001 8.43 25.06 47.50
8/7/2001 6.78 26.71 47.56
11/6/2001 7.39 26.10 47.50
2/5/2002 8.37 25.12 47.51
5/6/2002 8.75 24.74 47.44
8/5/2002 8.69 24.80 47.51
11/4/2002 7.65 25.84 47.52
2/4/2003 7.48 26.01 47.51
5/5/2003 7.00 26.49 47.50
8/4/2003 7.26 26.23 47.53
11/3/2003 8.63 24.86 47.52
2/3/2004 9.71 23.78 47.50
5/3/2004 9.73 23.76 47.50
8/3/2004 9.60 23.89 47.50
11/1/2004 6.97 26.52 47.50
2/7/2005 8.11 25.38 47.55
5/2/2005 6.48 27.01 47.54
8/1/2005 7.53 25.96 47.54
10/31/2005 5.18 28.31 47.55
1/30/2006 5.52 27.97 47.55
5/1/2006 7.26 26.23 47.52
7/31/2006 8.98 24.51 47.51
11/14/2006 10.53 22.96 47.59
2/6/2007 9.58 2391 47.58
5/7/2007 10.92 22.57 47.59
8/10/2007 8.53 24.96 47.57
11/5/2007 7.71 25.78 47.58
1/31/2008 8.67 24.82 47.57
4/30/2008 8.81 24.68 47.58
8/5/2008 10.54 22.95 47.58
11/4/2008 9.35 24.14 47.59
2/3/2009 10.20 23.29 47.59
5/4/2009 8.65 24.84 47.57
8/4/2009 6.95 26.54 47.58
11/2/2009 7.62 25.87 47.59

ft = feet
msl = above mean sea level
btoc = below top of casing 14



Well Measurements

Table 1

Quarterly Groundwater Monitoring Report

Site 11, SUBASE Kings Bay
October - December 2009

Well

Identification Date

KBA-11-08B 8/2/1999
11/8/1999
2/24/2000
5/2/2000
8/15/2000
11/20/2000
2/5/2001
5/1/2001
8/7/2001
11/6/2001
2/5/2002
5/6/2002
8/5/2002
11/4/2002
2/4/2003
5/5/2003
8/4/2003
11/3/2003
2/3/2004
5/3/2004
8/3/2004
11/1/2004
2/7/2005
5/2/2005
8/1/2005
10/31/2005
1/30/2006
5/1/2006
7/31/2006
11/14/2006
2/6/2007
5/7/2007
8/10/2007
11/5/2007
1/31/2008
4/30/2008
8/5/2008
11/4/2008
2/3/2009
5/4/2009
8/4/2009
11/2/2009

ft = feet
msl = above mean sea level
btoc = below top of casing

Top of Casing
Elevation
ft msl

38.20

Depth to
Water
ft btoc

13.74
12.04
13.40
12.10
14.00
11.54
12.04
11.85
10.02
10.78
11.66
12.25
11.84
10.82
10.81
10.37
10.41
11.91
13.27
13.35
12.73
10.23
11.30
9.70

10.65
8.78

9.03

10.81
12.58
14.44
13.14
14.91
12.05
11.04
12.09
12.32
14.03
12.76
13.78
12.15
9.99

10.94

15

Water

Elevation

ft msl
24.46
26.16
24.80
26.10
24.20
26.66
26.16
26.35
28.18
27.42
26.54
25.95
26.36
27.38
27.39
27.83
27.79
26.29
24.93
24.85
25.47
27.97
26.90
28.50
27.55
29.42
29.17
27.39
25.62
23.76
25.06
23.29
26.15
27.16
26.11
25.88
24.17
25.44
24.42
26.05
28.21
27.26

Constructed Measured

Depth Depth
ft btoc ft btoc
43.00 43.77
43.75
44.90
43.80
43.50
43.46
43,51
43.59
43.49
43.47
43.48
43.48
43.47
43.50
43.50
43.50
43.55
43.48
43.50
43.49
43.50
43.50
43.50
43.53
43.53
4351
43,51
4351
43.51
43.58
43.58
43.55
43.56
43.58
43.58
43.56
43.56
43.56
43.57
43.55
43.56
43.57
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-10B 8/2/1999 38.03 13.90 24.13 51.50 51.67
11/8/1999 12.31 25.72 51.62
2/24/2000 13.50 24.53 53.00
5/2/2000 12.80 25.23 53.40
8/8/2000 14.90 23.13 52.20
11/6/2000 14.03 24.00 54.34
2/5/2001 12.48 25.55 51.35
5/1/2001 12.06 25.97 51.35
8/7/2001 10.48 27.55 51.38
11/6/2001 10.96 27.07 51.37
2/5/2002 12.11 25.92 51.37
5/6/2002 12.40 25.63 51.36
8/5/2002 12.53 25.50 51.36
11/4/2002 11.07 26.96 51.36
2/4/2003 10.90 27.13 51.34
5/5/2003 10.46 27.57 51.35
8/4/2003 10.98 27.05 51.37
11/3/2003 12.41 25.62 51.36
2/3/2004 13.68 24.35 51.36
5/3/2004 13.70 24.33 51.35
8/3/2004 13.26 24.77 51.37
11/1/2004 10.46 27.57 51.36
2/7/2005 11.80 26.23 51.40
5/2/2005 10.11 27.92 51.40
8/1/2005 11.05 26.98 51.43
10/31/2005 8.59 29.44 51.41
1/30/2006 9.04 28.99 51.39
5/1/2006 10.78 27.25 51.37
7/31/2006 12.74 25.29 51.38
11/14/2006 14.54 23.49 51.54
2/6/2007 13.55 24.48 5145
5/7/2007 15.03 23.00 51.44
8/10/2007 12.72 25.31 5143
11/5/2007 11.45 26.58 51.43
1/31/2008 12.61 25.42 51.44
4/30/2008 12.65 25.38 51.44
8/5/2008 14.34 23.69 51.42
11/4/2008 13.28 24.75 51.46
2/3/2009 14.23 23.80 5143
5/4/2009 12.54 25.49 51.45
8/4/2009 10.70 27.33 51.44
11/2/2009 11.20 26.83 51.42

ft = feet
msl = above mean sea level
btoc = below top of casing 16
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Table 1

Quarterly Groundwater Monitoring Report

Site 11, SUBASE Kings Bay
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Well

Identification Date

KBA-11-11A 8/2/2003
11/8/1999
2/24/2000

5/2/2000

8/10/2000

11/13/2000
2/5/2001
5/1/2001
8/7/2001
11/6/2001
2/5/2002
5/6/2002
8/5/2002
11/4/2002
2/4/2003
5/5/2003
8/4/2003
11/3/2003
2/3/2004
5/3/2004
8/3/2004
11/1/2004
2/7/2005
5/2/2005
8/1/2005

10/31/2005
1/30/2006
5/1/2006
7/31/2006

11/14/2006
2/6/2007

5/7/2007

8/10/2007
11/5/2007
1/31/2008
4/30/2008

8/5/2008
11/4/2008
2/3/2009
5/4/2009
8/4/2009
11/2/2009

ft = feet
msl = above mean sea level
btoc = below top of casing

Top of Casing
Elevation
ft msl

35.85

Depth to
Water
ft btoc

11.40
9.61
11.10
9.40
11.70
8.85
9.60
9.31
7.64
8.16
8.23
9.69
943
8.30
8.25
7.76
7.92
9.41
10.79
10.90
10.35
7.65
8.87
7.28
8.10
5.98
6.46
8.12
9.98
11.96
10.91
12.55
9.81
8.55
9.75
9.90
11.69
10.40
11.46
9.62
7.51
8.30

17

Water

Elevation

ft msl
24 .45
26.24
24.75
26.45
24.15
27.00
26.25
26.54
28.21
27.69
27.62
26.16
26.42
27.55
27.60
28.09
27.93
26.44
25.06
24.95
25.50
28.20
26.98
28.57
27.75
29.87
29.39
27.73
25.87
23.89
24.94
23.30
26.04
27.30
26.10
25.95
24.16
25.45
24.39
26.23
28.34
27.55

Constructed Measured
Depth Depth
ft btoc ft btoc
37.00 37.12
37.12
37.20
37.00
37.40
36.86
36.84
36.83
36.86
36.83
36.85
36.81
36.82
36.86
36.85
36.84
36.86
36.85
36.85
36.85
36.82
36.85
36.85
36.88
36.87
36.97
36.87
36.83
36.82
36.91
36.89
36.91
36.91
36.91
36.93
36.91
36.92
36.92
36.92
36.91
36.51
36.92



Quarterly Groundwater Monitoring Report
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-13A 8/2/1999 34.20 10.77 2343 42.50 42.52
11/8/1999 9.25 24.95 42.75
2/4/2000 10.20 24.00 42.40
5/2/2000 9.30 24.90 42.00
8/10/2000 11.20 23.00 42.90
11/8/2000 6.52 27.68 42.30
2/9/2001 9.53 24.67 42.26
5/3/2001 9.21 24.99 42.25
8/7/2001 7.51 26.69 42.31
11/6/2001 8.17 26.03 42.27
2/5/2002 9.13 25.07 42.26
5/6/2002 9.46 24.74 42.29
8/5/2002 9.47 24.73 42.25
11/4/2002 8.20 26.00 42.29
2/4/2003 8.05 26.15 42.24
5/5/2003 7.66 26.54 42.26
8/4/2003 8.06 26.14 42.28
11/3/2003 9.43 24.77 42.28
2/3/2004 10.54 23.66 42.27
5/3/2004 10.50 23.70 42.28
8/3/2004 10.25 23.95 42.29
11/1/2004 7.64 26.56 42.30
2/7/2005 8.85 25.35 42.30
5/2/2005 7.16 27.04 42.29
8/1/2005 8.23 25.97 42.29
10/31/2005 5.89 28.31 42.32
1/30/2006 6.20 28.00 42.30
5/1/2006 7.99 26.21 42.28
7/31/2006 9.74 24.46 42.27
11/14/2006 11.32 22.88 42.35
2/6/2007 10.33 23.87 42.36
5/7/2007 11.68 22.52 42.34
8/10/2007 9.33 24.87 42.35
11/5/2007 8.45 25.75 42.36
1/31/2008 9.46 24.74 42.35
4/30/2008 9.52 24.68 42.35
8/5/2008 11.20 23.00 42.36
11/4/2008 10.10 24.10 42.36
2/3/2009 10.97 23.23 42.35
5/4/2009 9.45 24.75 42.35
8/4/2009 7.73 26.47 42.36
11/2/2009 8.39 25.81 42.36

ft = feet
msl = above mean sea level
btoc = below top of casing 18



Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay
October - December 2009

Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-13B 8/2/1999 34.86 14.27 20.59 90.70 90.77
11/8/1999 12.88 21.98 90.72
2/24/2000 13.60 21.26 91.40
5/2/2000 12.80 22.06 91.00
8/8/2000 14.60 20.26 91.80
11/6/2000 12.50 22.36 91.60
2/9/2001 13.05 21.81 90.53
5/4/2001 13.09 21.77 90.49
8/7/2001 11.37 23.49 91.98
11/6/2001 12.33 22.53 90.50
2/5/2002 12.80 22.06 90.60
5/6/2002 13.38 21.48 90.52
8/5/2002 13.07 21.79 90.46
11/4/2002 12.20 22.66 90.51
2/4/2003 12.24 22.62 90.47
5/5/2003 11.91 22.95 90.50
8/4/2003 11.86 23.00 90.46
11/3/2003 13.00 21.86 90.51
2/3/2004 13.90 20.96 90.61
5/3/2004 13.88 20.98 90.48
8/3/2004 13.74 21.12 90.50
11/1/2004 11.85 23.01 90.90
2/7/2005 12.50 22.36 90.50
5/2/2005 11.18 23.68 90.51
8/1/2005 12.24 22.62 90.45
10/31/2005 10.67 24.19 90.46
1/30/2006 10.81 24.05 90.51
5/1/2006 12.37 22.49 90.49
7/31/2006 13.71 21.15 91.90
11/14/2006 14.92 19.94 90.57
2/6/2007 13.62 21.24 90.56
5/7/2007 15.14 19.72 90.49
8/10/2007 12.68 22.18 90.55
11/5/2007 12.33 22.53 89.81
1/31/2008 12.95 21.91 90.56
4/30/2008 13.32 21.54 90.51
8/5/2008 14.75 20.11 90.61
11/4/2008 13.55 21.31 90.61
2/3/2009 14.15 20.71 90.58
5/4/2009 13.04 21.82 90.55
8/4/2009 11.57 23.29 90.56
11/2/2009 12.53 22.33 90.54

ft = feet
msl = above mean sea level
btoc = below top of casing 19
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-15 8/2/1999 28.49 5.60 22.89 39.00 39.22
11/9/1999 4.07 24.42 39.17
2/7/2000 4.80 23.69 39.00
5/2/2000 3.90 24.59 38.00
8/9/2000 5.70 22.79 39.30
11/7/2000 3.69 24.80 38.70
2/13/2001 4.45 24.04 38.89
5/4/2001 4.12 24.37 38.90
8/7/2001 222 26.27 38.94
11/6/2001 3.20 25.29 38.90
2/5/2002 3.98 24.51 38.90
5/6/2002 4.43 24.06 38.90
8/5/2002 4.32 24.17 38.92
11/4/2002 3.38 25.11 37.91
2/4/2003 3.24 25.25 38.92
5/5/2003 2.69 25.80 38.90
8/4/2003 2.75 25.74 38.87
11/3/2003 4.31 24.18 38.90
2/3/2004 5.51 22.98 38.90
5/3/2004 543 23.06 38.92
8/3/2004 4.99 23.50 38.90
11/1/2004 2.65 25.84 38.95
2/7/2005 3.61 24.88 38.90
5/2/2005 1.80 26.69 38.93
8/1/2005 3.11 25.38 38.97
10/31/2005 1.33 27.16 38.98
1/30/2006 1.19 27.30 38.91
5/1/2006 3.18 25.31 38.91
7/31/2006 4.73 23.76 38.88
11/14/2006 6.46 22.03 38.97
2/6/2007 5.16 23.33 38.98
5/7/2007 6.76 21.73 38.36
8/10/2007 4.02 24.47 38.98
11/5/2007 3.27 25.22 38.98
1/31/2008 4.24 24.25 38.97
4/30/2008 4.39 24.10 38.95
8/5/2008 5.88 22.61 38.97

11/4/2008 4.89 23.60 NM
2/3/2009 5.72 22.77 38.96
4/7/2009 3.52 24.97 38.98
8/4/2009 1.62 26.87 38.97
11/2/2009 3.37 25.12 38.98

ft = feet
msl = above mean sea level
btoc = below top of casing 20
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured
Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc
KBA-11-16 8/2/1999 28.66 6.17 22.49 44.90 44.77
11/9/1999 4.73 23.93 44.72
2/7/2000 5.30 23.36 45.30
5/3/2000 3.90 24.76 44.00
8/9/2000 6.40 22.26 45.10
11/8/2000 4.39 24.27 44.45
2/6/2001 4.98 23.68 44.47
5/2/2001 4.48 24.18 44.46
8/7/2001 2.59 26.07 43.48
11/6/2001 3.99 24.67 44.46
2/5/2002 4.70 23.96 44.47
5/6/2002 5.09 23.57 44.45
8/5/2002 4.95 23.71 44.47
11/4/2002 4.00 24.66 44.47
2/4/2003 3.83 24.83 44.48
5/5/2003 3.45 25.21 44.48
8/4/2003 3.63 25.03 44.46
11/3/2003 5.00 23.66 44.48
2/3/2004 5.98 22.68 44.48
5/3/2004 5.86 22.80 44.48
8/3/2004 5.65 23.01 44.48
11/1/2004 3.45 25.21 44.50
2/7/2005 4.40 24.26 44.59
5/2/2005 2.63 26.03 44.48
8/1/2005 3.93 24.73 44.47
10/31/2005 2.06 26.60 44.48
1/30/2006 2.07 26.59 44.50
5/1/2006 3.91 24.75 44.48
7/31/2006 5.36 23.30 44.47
11/14/2006 6.80 21.86 44.52
2/6/2007 5.46 23.20 44.55
5/7/2007 7.04 21.62 44.53
8/10/2007 4.46 24.20 44.55
11/5/2007 3.36 25.30 44.53
1/31/2008 4.82 23.84 44.55
4/30/2008 5.02 23.64 44.52
8/5/2008 6.53 22.13 44.54
11/4/2008 5.46 23.20 44.57
2/3/2009 6.20 22.46 44.52
5/4/2009 4.90 23.76 44.53
8/4/2009 3.10 25.56 44.60
11/2/2009 4.18 24.48 44.56

ft = feet
msl = above mean sea level
btoc = below top of casing 21
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured
Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc
KBA-11-17B 8/2/1999 25.41 4.61 20.80 44.80 44.72
11/9/1999 3.03 22.38 44.67
2/7/2000 3.60 21.81 44.40
5/3/2000 2.70 22.71 42.30
8/9/2000 4.60 20.81 45.00
11/7/2000 3.07 22.34 45.30
2/13/2001 3.65 21.76 44.41
5/4/2001 3.33 22.08 44.41
8/7/2001 1.29 24.12 44.48
11/6/2001 2.81 22.60 44.41
2/5/2002 3.27 22.14 44.44
5/6/2002 3.74 21.67 44.44
8/5/2002 3.35 22.06 44.43
11/4/2002 2.66 22.75 44.45
2/4/2003 2.64 22.77 44.42
5/5/2003 2.20 23.21 44.41
8/4/2003 2.09 23.32 44.41
11/3/2003 3.65 21.76 44.41
2/3/2004 4.50 20.91 44.41
5/3/2004 4.22 21.19 44.46
8/3/2004 3.94 21.47 44.41
11/1/2004 2.24 23.17 4445
2/7/2005 2.94 22.47 44.50
5/2/2005 1.15 24.26 44.44
8/1/2005 2.65 22.76 44.45
10/31/2005 1.09 24.32 44.41
1/30/2006 0.96 24.45 44.43
5/1/2006 2.84 22.57 44 .45
7/31/2006 4.67 20.74 44.42
11/14/2006 5.40 20.01 44.51
2/6/2007 3.65 21.76 44.52
5/7/2007 5.50 19.91 44.48
8/10/2007 2.45 22.96 44.49
11/5/2007 2.30 23.11 44.48
1/31/2008 3.16 22.25 44.51
4/30/2008 3.45 21.96 44.48
8/5/2008 4.83 20.58 44.49
11/4/2008 3.81 21.60 44.48
2/3/2009 4.48 20.93 44.47
4/7/2009 2.17 23.24 44.53
8/4/2009 1.50 2391 44.48
11/2/2009 2.92 22.49 44.53

ft = feet
msl = above mean sea level
btoc = below top of casing 22
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-18 8/2/1999 22.81 3.67 19.14 45.80 45.82
11/9/1999 2.05 20.76 45.77
2/25/2000 2.70 20.11 46.80
5/3/2000 1.50 21.31 45.50
8/15/2000 3.70 19.11 45.40
11/8/2000 2.24 20.57 47.51
2/16/2001 2.77 20.04 45.50
5/4/2001 2.57 20.24 45.51
8/7/2001 0.38 22.43 45.59
11/6/2001 2.18 20.63 45.51
2/5/2002 2.45 20.36 45.53
5/6/2002 2.96 19.85 45.43
8/5/2002 2.48 20.33 45.51
11/4/2002 1.82 20.99 45.51
2/4/2003 1.90 20.91 45.54
5/5/2003 1.55 21.26 45.50
8/4/2003 1.34 21.47 45.46
11/3/2003 2.89 19.92 45.52
2/3/2004 3.55 19.26 45.49
5/3/2004 3.22 19.59 45.50
8/3/2004 2.93 19.88 48.51
11/1/2004 1.55 21.26 45.55
2/7/2005 2.15 20.66 45.55
5/2/2005 0.49 22.32 45.55
8/1/2005 1.95 20.86 45.52
10/31/2005 0.50 22.31 45.51
1/30/2006 0.46 22.35 45.53
5/1/2006 2.23 20.58 45.54
7/31/2006 3.93 18.88 45.54
11/14/2006 443 18.38 45.62
2/6/2007 2.54 20.27 45.59
5/7/2007 4.45 18.36 45.57
8/10/2007 1.34 21.47 45.57
11/5/2007 1.40 21.41 45.57
1/31/2008 2.23 20.58 45.53
4/30/2008 2.58 20.23 45.60
8/5/2008 3.80 19.01 45.58
11/4/2008 2.71 20.10 45.62
2/3/2009 3.36 19.45 45.58
5/4/2009 2.24 20.57 45.58
8/4/2009 0.75 22.06 45.59
11/2/2009 2.23 20.58 45.60

ft = feet
msl = above mean sea level
btoc = below top of casing 23
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-20 8/2/1999 23.07 3.00 20.07 40.00 40.12
11/9/1999 1.94 21.13 40.12
2/25/2000 2.60 20.47 40.90
5/2/2000 1.60 21.47 40.90
8/15/2000 3.60 19.47 40.20
11/8/2000 2.18 20.89 39.84
2/13/2001 2.39 20.68 39.86
5/4/2001 2.48 20.59 39.86
8/7/2001 0.58 22.49 39.87
11/6/2001 2.04 21.03 39.84
2/5/2002 2.18 20.89 39.86
5/6/2002 2.73 20.34 39.84
8/5/2002 1.95 21.12 39.85
11/4/2002 1.67 21.40 39.85
2/4/2003 1.77 21.30 39.86
5/5/2003 1.16 21.91 39.86
8/4/2003 1.29 21.78 39.80
11/3/2003 2.30 20.77 39.87
2/3/2004 2.71 20.36 39.84
5/3/2004 2.48 20.59 39.86
8/3/2004 2.83 20.24 39.85
11/1/2004 1.51 21.56 39.90
2/7/2005 1.80 21.27 39.85
5/2/2005 0.44 22.63 39.88
8/1/2005 1.80 21.27 39.87
10/31/2005 0.64 22.43 39.86
1/30/2006 0.40 22.67 39.86
5/1/2006 2.68 20.39 39.88
7/31/2006 3.33 19.74 39.85
11/14/2006 3.63 19.44 39.92
2/6/2007 1.98 21.09 39.94
5/7/2007 3.82 19.25 39.91
8/10/2007 1.10 21.97 39.92
11/5/2007 1.38 21.69 39.93
1/31/2008 1.89 21.18 39.93
4/30/2008 2.33 20.74 39.91
8/5/2008 3.75 19.32 39.92
11/4/2008 2.28 20.79 39.91
2/3/2009 2.78 20.29 39.92
4/7/2009 0.94 22.13 39.92
8/4/2009 0.69 22.38 39.92
11/2/2009 1.98 21.09 39.93

ft = feet
msl = above mean sea level
btoc = below top of casing 24



Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay
October - December 2009

Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-21 8/2/1999 23.56 3.75 19.81 40.40 40.57
11/9/1999 2.40 21.16 40.57
2/25/2000 2.90 20.66 41.80
5/2/2000 2.10 21.46 40.80
8/15/2000 3.60 19.96 40.20
11/6/2000 2.40 21.16 40.20
2/13/2001 2.69 20.87 40.30
5/4/2001 2.83 20.73 40.30
8/7/2001 0.94 22.62 40.30
11/6/2001 2.25 21.31 40.29
2/5/2002 2.49 21.07 40.30
5/6/2002 3.04 20.52 40.27
8/5/2002 2.36 21.20 40.29
11/4/2002 2.00 21.56 40.31
2/4/2003 2.12 21.44 40.29
5/5/2003 1.94 21.62 40.29
8/4/2003 1.52 22.04 40.25
11/3/2003 2.60 20.96 40.29
2/3/2004 3.06 20.50 40.27
5/3/2004 3.00 20.56 40.25
8/3/2004 3.39 20.17 40.28
11/1/2004 1.84 21.72 40.30
2/7/2005 2.15 21.41 40.30
5/2/2005 0.94 22.62 40.31
8/1/2005 2.21 21.35 40.30
10/31/2005 0.84 22.72 40.32
1/30/2006 0.74 22.82 40.31
5/1/2006 2.40 21.16 40.32
7/31/2006 3.67 19.89 40.28
11/14/2006 4.00 19.56 40.35
2/6/2007 2.43 21.13 40.38
5/7/2007 4.04 19.52 40.31
8/10/2007 1.46 22.10 40.35
11/5/2007 1.90 21.66 40.34
1/31/2008 2.37 21.19 40.38
4/30/2008 2.81 20.75 40.37
8/5/2008 4.10 19.46 40.35
11/4/2008 2.70 20.86 40.34
2/3/2009 3.20 20.36 40.35
4/7/2009 1.35 22.21 40.34
8/4/2009 1.29 22.27 40.35
11/2/2009 2.40 21.16 40.35

ft = feet
msl = above mean sea level
btoc = below top of casing 25
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-22B 8/2/1999 36.13 11.92 24.21 52.60 52.62
11/8/1999 10.34 25.79 52.59
2/25/2000 11.60 24.53 53.60
5/2/2000 10.80 25.33 52.20
8/15/2000 11.40 24.73 52.30
11/8/2000 9.21 26.92 52.30
2/5/2001 10.48 25.65 52.29
5/4/2001 10.18 25.95 52.33
8/7/2001 8.54 27.59 52.38
11/6/2001 8.81 27.32 52.28
2/5/2002 10.15 25.98 52.29
5/6/2002 10.40 25.73 52.28
8/5/2002 10.59 25.54 52.28
11/4/2002 9.26 26.87 52.29
2/4/2003 9.01 27.12 52.29
5/5/2003 8.45 27.68 52.28
8/4/2003 8.98 27.15 52.29
11/3/2003 10.41 25.72 52.29
2/3/2004 11.68 24.45 52.29
5/3/2004 11.73 24.40 52.28
8/3/2004 11.41 24.72 52.35
11/1/2004 8.42 27.71 52.30
2/7/2005 9.85 26.28 52.30
5/2/2005 8.17 27.96 52.32
8/1/2005 9.05 27.08 52.32
10/31/2005 6.39 29.74 52.31
1/30/2006 6.95 29.18 52.32
5/1/2006 8.64 27.49 52.30
7/31/2006 10.70 2543 52.30
11/14/2006 12.47 23.66 52.40
2/6/2007 11.75 24.38 52.42
5/7/2007 12.99 23.14 52.40
8/10/2007 10.77 25.36 52.18
11/5/2007 9.39 26.74 52.41
1/31/2008 10.62 25.51 52.41
4/30/2008 10.69 25.44 52.40
8/5/2008 12.40 23.73 52.40
11/4/2008 11.31 24.82 52.41
2/3/2009 12.29 23.84 52.38
5/4/2009 10.48 25.65 52.39
8/4/2009 8.59 27.54 52.40
11/2/2009 9.10 27.03 52.36

ft = feet
msl = above mean sea level
btoc = below top of casing 26
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-34 8/2/1999 37.51 13.75 23.76 40.00 41.07
11/8/1999 12.18 25.33 41.07
2/7/2000 13.20 24.31 41.04
5/2/2000 12.30 25.21 41.40
8/8/2000 14.30 23.21 41.60
11/8/2000 11.31 26.20 40.76
2/8/2001 12.40 25.11 40.76
5/3/2001 12.01 25.50 40.45
8/7/2001 10.35 27.16 40.78
11/6/2001 10.96 26.55 40.78
2/5/2002 11.95 25.56 40.76
5/6/2002 12.26 25.25 40.77
8/5/2002 12.42 25.09 40.76
11/4/2002 10.95 26.56 40.78
2/4/2003 10.79 26.72 40.74
5/5/2003 10.37 27.14 40.75
8/4/2003 10.91 26.60 40.77
11/3/2003 12.30 25.21 40.75
2/3/2004 13.53 23.98 40.77
5/3/2004 13.51 24.00 40.78
8/3/2004 13.14 24.37 40.76
11/1/2004 10.35 27.16 40.75
2/7/2005 11.72 25.79 40.75
5/2/2005 9.99 27.52 41.78
8/1/2005 10.98 26.53 40.78
10/31/2005 8.45 29.06 40.78
1/30/2006 8.90 28.61 40.78
5/1/2006 10.66 26.85 40.76
7/31/2006 12.60 2491 40.76
11/14/2006 14.30 23.21 40.82
2/6/2007 13.41 24.10 40.89
5/7/2007 14.71 22.80 40.82
8/10/2007 12.47 25.04 40.55
11/5/2007 11.30 26.21 40.82
1/31/2008 12.42 25.09 40.83
4/30/2008 12.48 25.03 40.81
8/5/2008 14.14 23.37 40.84
11/4/2008 13.07 24.44 40.83
2/3/2009 14.00 23.51 40.81
5/4/2009 12.35 25.16 40.83
8/4/2009 10.60 26.91 40.82
11/2/2009 11.12 26.39 40.82

ft = feet
msl = above mean sea level
btoc = below top of casing 27
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-36 8/2/1999 37.91 14.34 23.57 40.00 41.67
11/8/1999 12.84 25.07 41.65
2/24/2000 14.02 23.89 42.50
5/4/2000 12.90 25.01 41.40
8/15/2000 14.60 23.31 41.40
11/8/2000 12.02 25.89 41.62
2/12/2001 13.07 24.84 41.39
5/4/2001 12.67 25.24 41.39
8/7/2001 10.95 26.96 41.39
11/6/2001 11.56 26.35 41.38
2/5/2002 12.57 25.34 41.36
5/6/2002 12.85 25.06 41.35
8/5/2002 12.97 24.94 41.36
11/4/2002 11.57 26.34 41.38
2/4/2003 11.41 26.50 41.34
5/5/2003 11.00 26.91 41.36
8/4/2003 11.48 26.43 41.38
11/3/2003 12.87 25.04 41.37
2/3/2004 14.08 23.83 41.36
5/3/2004 14.03 23.88 41.38
8/3/2004 13.70 24.21 41.38
11/1/2004 10.98 26.93 41.40
2/7/2005 12.30 25.61 41.40
5/2/2005 10.57 27.34 41.41
8/1/2005 11.60 26.31 41.39
10/31/2005 9.10 28.81 41.39
1/30/2006 9.51 28.40 41.39
5/1/2006 11.31 26.60 41.38
7/31/2006 13.18 24.73 41.38
11/14/2006 14.83 23.08 41.44
2/6/2007 13.91 24.00 41.45
5/7/2007 15.23 22.68 41.41
8/10/2007 12.94 24.97 41.43
11/5/2007 11.88 26.03 41.42
1/31/2008 12.95 24.96 41.45
4/30/2008 13.04 24.87 41.43
8/5/2008 14.68 23.23 41.45
11/4/2008 13.60 24.31 41.43
2/3/2009 14.51 23.40 41.44
5/4/2009 12.91 25.00 41.43
8/4/2009 11.17 26.74 41.43
11/2/2009 11.76 26.15 41.43

ft = feet
msl = above mean sea level
btoc = below top of casing 28
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

KBA-11-37 8/16/1999 26.26 4.15 22.11 38.50 38.57
11/9/1999 2.86 23.40 38.46
2/8/2000 3.20 23.06 38.40
5/4/2000 2.40 23.86 38.20
8/9/2000 4.10 22.16 38.60
11/8/2000 2.76 23.50 30.20
2/7/2001 2.96 23.30 38.18
5/2/2001 3.00 23.26 38.20
8/7/2001 1.37 24.89 38.21
11/6/2001 2.43 23.83 38.19
2/5/2002 2.82 23.44 38.18
5/6/2002 3.28 22.98 38.19
8/5/2002 2.84 23.42 38.19
11/4/2002 2.29 23.97 38.20
2/4/2003 2.23 24.03 38.22
5/5/2003 1.95 24.31 38.20
8/4/2003 2.03 24.23 38.21
11/3/2003 2.89 23.37 38.20
2/3/2004 3.43 22.83 38.19
5/3/2004 3.44 22.82 38.22
8/3/2004 3.80 22.46 38.20
11/1/2004 1.96 24.30 38.20
2/7/2005 2.44 23.82 38.20
5/2/2005 1.16 25.10 38.21
8/1/2005 2.28 23.98 38.22
10/31/2005 0.79 25.47 38.22
1/30/2006 0.71 25.55 38.22
5/1/2006 2.32 23.94 38.21
7/31/2006 3.15 23.11 38.21
11/14/2006 4.28 21.98 38.25
2/6/2007 3.00 23.26 38.25
5/7/2007 4.44 21.82 38.27
8/10/2007 2.23 24.03 38.28
11/5/2007 2.12 24.14 38.24
1/31/2008 2.68 23.58 38.25
4/30/2008 2.97 23.29 38.24
8/5/2008 4.66 21.60 38.24
11/4/2008 3.17 23.09 38.27
2/3/2009 3.78 22.48 38.29
5/4/2009 2.81 23.45 38.26
8/4/2009 1.44 24.82 38.25
11/2/2009 2.33 23.93 38.27

ft = feet
msl = above mean sea level
btoc = below top of casing 29
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Table 1
Well Measurements
Well Top of Cgsing Depth to Wate_r Constructed Measured

Identification Date Elevation Water Elevation Depth Depth
ft msl ft btoc ft msl ft btoc ft btoc

PS-2 8/17/1999 32.71 9.60 23.11 39.47 39.60
11/8/1999 7.80 2491 37.47
2/7/2000 8.80 23.91 36.80
5/4/2000 7.20 25.51 36.80
8/8/2000 9.90 22.81 37.50
11/8/2000 8.85 23.86 36.86
2/7/2001 8.06 24.65 37.24
5/2/2001 7.72 24.99 37.19
8/7/2001 5.97 26.74 37.24
11/6/2001 6.68 26.03 37.24
2/5/2002 7.61 25.10 37.22
5/6/2002 8.00 24.71 37.20
8/5/2002 8.01 24.70 37.21
11/4/2002 6.76 25.95 37.20
2/4/2003 6.65 26.06 37.23
5/5/2003 6.22 26.49 37.15
8/4/2003 6.50 26.21 37.25
11/3/2003 7.63 25.08 37.24
2/3/2004 9.20 23.51 37.24
5/3/2004 9.18 23.53 37.20
8/3/2004 8.70 24.01 37.21
11/1/2004 6.20 26.51 37.25
2/7/2005 7.30 25.41 37.25
5/2/2005 5.67 27.04 37.26
8/1/2005 6.72 25.99 37.17
10/31/2005 0.79 31.92 38.22
1/30/2006 4.79 27.92 37.71
5/1/2006 6.61 26.10 37.69
7/31/2006 8.99 23.72 37.69
11/14/2006 10.06 22.65 37.75
2/6/2007 8.93 23.78 37.77
5/7/2007 10.45 22.26 37.75
8/10/2007 7.62 25.09 37.78
11/5/2007 7.00 25.71 37.76
1/31/2008 8.00 24.71 37.78
4/30/2008 8.14 24.57 37.80
8/5/2008 9.72 22.99 37.80
11/4/2008 8.67 24.04 37.82
2/3/2009 9.57 23.14 37.81
5/4/2009 8.02 24.69 37.73
8/4/2009 6.13 26.58 37.81
11/2/2009 6.93 25.78 37.84

ft = feet
msl = above mean sea level
btoc = below top of casing 30
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Table 2
Well Purge Parmeters
well Date Xﬁlrl:;]?g Tempoerature pH ORP Conductivity — Turbidity Dés)f;géid
Identification (gal) (°c) (mV) (mS/cm) (NTU) (mg/L)
KBA-11-02 11/9/1999 6 23.4 5.94 -160 0.527 3 0.51
2/4/2000 3 22.7 5 -258 0.604 12 1.7
5/3/2000 6 22.5 6.8 NM 0.44 10 23
8/8/2000 no water — well was not purged
11/8/2000 6 23.7 6.62 -189 0.325 7 0.67
2/6/2001 6 18.9 6.35 -255 0.343 11 0.07
5/1/2001 6 22 6.1 -84 0.276 6 8.55
8/8/2001 6 26.9 7.09 -242.2 0.248 10 9.65
11/7/2001 8 22.7 6.69 -59 0.317 0.7 3.59
2/6/2002 6 20.96 6.51 -85 0.206 0.4 0.97
5/7/2002 8 22.1 6.42 -105 0.167 5.31 0
8/6/2002 6 27.97 8.52 -39 0.35 5.1 3.88
11/5/2002 8 24.58 6.14 -47 0.808 -1.9 5.17
8/2/1999 6 25.6 5.14 -221 0.304 2 NM
11/4/2003 8 24.22 6.62 -56 0.357 -6.7 5.41
11/2/2004 8 24 6.82 -128 0.264 5.5 6.65
KBA-11-10B 8/8/2000 6 25 6.3 -65 0.295 12 0.04
8/9/2001 6 24.1 6.16 -222.6 0.317 5 9.99
8/7/2002 8 25.82 8.37 23 0.328 6.8 3.96
8/5/2003 8 24 5.6 -60 0.252 0.9 2.03
5/4/2004 8 21.29 5.53 -120 0.293 14.7 4.83
5/3/2005 8 22.06 5.86 -73 0.188 5.4 4.69
5/4/2006 8 22.50 6.13 26 0.383 -1.9 10.62
5/9/2007 8 21.68 5.56 -96 0.201 1.6 4.94
5/5/2008 8 22.38 5.47 -72 0.506 1.1 3.95
5/5/2009 8 24.70 5.45 -77 0.432 2.1 4.14
KBA-11-11A 8/10/2000 6 22.9 6 -18 0.071 4 0.01
8/8/2001 8 22.8 5.64 -216.6 0.079 10 8.6
8/6/2002 8 24.02 7.45 3 0.074 0.4 3.67
5/6/2003 8 21.8 5.56 -39 0.06 13.1 3.59
5/5/2004 8 20.76 5.44 23 0.059 -10 6.61
5/4/2005 8 21.24 5.46 9 0.034 5.2 5.78
5/3/2006 8 21.61 6.05 86 0.049 4.1 7.6
5/8/2007 8 20.76 5.19 15 0.037 1.3 3.90
5/1/2008 8 21.53 5.16 67 0.060 <0.01 3.92
5/6/2009 8 21.77 5.30 -7 0.054 5.4 1.42

ft = feet
msl = above mean sea level
btoc = below top of casing 31
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Table 2
Well Purge Parmeters
Vygll _ Date Xﬁg:g Temperature pH ORP Conductivity — Turbidity D(;S)(S;é\éid
Identification (qal) (°c) (mV) (mS/cm) (NTU) (mg/L)
.

KBA-11-13A 8/3/1999 6 243 5.5 -210 0.463 17 NM
11/9/1999 8 23 5.54 -142 0.467 2 0.78
2/4/2000 8 223 6.68 =217 0.503 10 1.17
5/3/2000 6 24.5 6.4 -113 0.561 10 1.1
8/10/2000 6 23.7 6.2 -48 1.35 1 0.11
11/8/2000 6 243 5.4 -81 1.3 4 0.4
2/8/2001 6 23.8 4.8 =277 1.8 8 0.31
5/3/2001 6 22.8 4.75 -76 2.16 1.9 8.5
8/8/2001 8 252 4.98 -166.8 2.38 9 9.05
11/7/2001 6 233 4.97 -10 1.75 0.6 3.53
2/6/2002 8 24.1 4.85 -42 1.8 5.8 5.88
5/8/2002 8 23.89 4.46 -16 1.66 8.3 0
8/6/2002 8 26.67 6.7 69 1.82 32.7 2.51
11/6/2002 8 23.8 5.84 -2 1.72 16.8 3.57
2/5/2003 8 222 4.34 -62 1.21 7.33 3.41
5/6/2003 8 233 4.27 57 1.24 113 2.63
8/6/2003 8 243 4.25 102 0.928 11.4 3.36
11/5/2003 8 243 4.23 18 1.02 136 3.37
2/4/2004 8 24.08 4.2 0 1.06 10 6.59
5/5/2004 8 22.64 4.2 60 1.07 6.98 4.52
8/4/2004 8 25.20 4.2 132 0.940 43.4 2.59
11/3/2004 8 24.11 4.19 19 0.645 48.6 11.64
2/9/2005 8 21.73 4.34 96 0.516 -6 7.7
5/4/2005 8 22.57 4.22 34 0.454 65.8 4.19
8/3/2005 8 24.02 7.15% -5 0.491 1.7 6.93
9/7/2005 4 23.45 431 13 0.307 1.3 6.40
11/2/2005 8 23.47 4.24 15 0.522 534 3.02
2/1/2006 8 20.81 431 39 0.272 -10 6.69
5/3/2006 8 24.19 4.51 61 0.567 539 6.9
8/3/2006 8 23.68 4.47 -10 0.530 12.4 3.25

11/16/2006 8 22.48 4.44 -32 0.536 <0.01 3.89
2/7/2007 8 22.87 4.24 -61 0.403 5.1 3.35
5/8/2007 8 23.28 4.31 -53 0.197 2.2 4.14
8/14/2007 8 22.43 4.22 -61 0.470 5.4 3.15
11/7/2007 8 22.04 4.23 -12 0.460 10.5 4.27
2/4/2008 8 24.34 436 -80 0.399 16.7 4.02
5/1/2008 8 23.56 4.17 -12 0.502 13.1 4.91
8/6/2008 8 26.24 3.96 -19 0.471 <0.01 2.05
11/5/2008 8 21.96 4.15 -42 0.368 15.4 3.47
5/6/2009 8 24.16 4.45 -44 0.407 10.9 4.69
8/5/2009 8 15.21%%* 4.24 -24 0.362 86.5 4.88
11/4/2009 8 23.94 4.52 -56 0.399 <0.1 2.34

KBA-11-13B 8/3/1999 8 24.9 7.15 -43 0.267 <0.1 NM
8/8/2000 6 243 7.5 -37 0.241 2 0.07
8/8/2001 6 24.5 8.11 -243.3 0.29 0.85 10.21
8/7/2002 8 26.3 8.76 -41 0.341 3.1 3.53
8/5/2003 8 23.90 8 -143 0.255 1.9 4.77

KBA-11-15 8/3/1999 6 25 4.9 -182 0.677 9 NM
2/7/2000 7 20.8 5.04 -313 0.536 5 1.43
8/9/2000 6 24.2 5.7 91 0.694 3 0.13
8/9/2001 6 22.7 59 -204.8 0.97 10 8.83
8/7/2002 8 24.57 7.62 24 0.775 2.7 5.54
8/5/2003 8 23.40 5.6 -40 0.468 0.5 5.6
4/8/2009 8 20.28 6.86 -34 1.30 0.8 4.55
11/3/2009 8 22.26 5.71 =22 0.921 <0.1 3.56

ft = feet
msl = above mean sea level
btoc = below top of casing 32
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Table 2
Well Purge Parmeters
Vygll _ Date Xﬁg:g Temperature pH ORP Conductivity — Turbidity D(;S)(S;é\éid
Identification (qal) (°c) (mV) (mS/cm) (NTU) (mg/L)
—

KBA-11-16 8/3/1999 7 26.8 4.76 -111 0.171 35 NM
11/9/1999 8 24 4.89 -104 0.263 20 0.57
2/7/2000 7 22.8 54 =275 0.364 8 1.09
5/4/2000 6 23.6 6.1 NM 0.146 10 3.7
8/9/2000 6 24.6 5.6 -67.7 0.331 1 0.06
11/8/2000 6 25.02 5.02 -102 0.302 4 0.15
2/6/2001 6 23.4 4.92 -111 0.345 2 0.03
5/2/2001 6 23.1 4.17 -123 0411 7 7.3
8/9/2001 8 24.4 5.58 -248.1 0.394 4 8.68
11/7/2001 8 23.6 4.79 -54 0.387 4.8 0.8
2/6/2002 6 24.64 4.94 -140 0.28 0.7 2.3
5/7/2002 6 24.41 4.81 -170 0.188 6.5 0
8/7/2002 8 27.44 8.36 -45 0.449 1.1 10.45
11/5/2002 8 25.29 5.82 -147 0.339 -0.3 43
2/5/2003 8 20.80 522 -199 0.326 4.5 4.92
5/5/2003 8 23.5 52 -170 0.369 60.8 2.38
8/6/2003 8 24.60 5.26 -150 0.299 1.7 3.28
11/4/2003 8 25.50 5.25 -148 0.277 2.4 8.67
2/4/2004 8 19.11 5.26 -190 0.306 2.4 16.19
5/4/2004 8 23.30 5.11 -194 0.332 8.64 291
8/4/2004 8 26.30 5.19 -177 0.403 42 3.36
11/2/2004 8 25.97 5.16 -156 0.219 22.9 3.08
2/8/2005 8 23.64 5.25 -187 0.202 12.2 9.24
5/3/2005 8 25.26 5.36 -106 0.22 20.4 3.26
8/2/2005 8 24.66 9.48%* -147 0.266 0.5 43
9/7/2005 4 24.82 5.61 -65 0.100 3.6 6.16
11/1/2005 8 25.56 4.51 -161 0.326 29.2 3.27
1/31/2006 8 21.89 5.34 -146 0.180 13.6 5.66
5/4/2006 8 24.36 5.87 -88 0.355 19.3 16.3
8/2/2006 8 25.22 5.05 -70 0.378 15.7 2.76
11/15/2006 8 24.78 5.04 -110 0.380 35.8 2.94
2/7/2007 8 22.38 5.05 -126 0313 <01 2.90
5/9/2007 8 23.83 523 -117 0.172 26.8 4.36
8/13/2007 8 23.71 5.04 -134 0.378 <0.1 3.37
11/6/2007 8 25.97 5.08 -58 0.371 2.4 2.77
2/4/2008 8 23.66 522 -127 0.358 0.7 3.48
5/5/2008 8 24.90 5.14 -83 0.459 2.6 3.29
8/6/2008 8 26.02 4.85 -19 0.435 <0.1 2.48
11/5/2008 8 23.82 5.03 -66 0.354 1.8 3.73
2/4/2009 8 20.71 5.07 -14 0.389 <0.1 4.48
5/5/2009 8 25.74 5.21 -55 0.406 2.3 4.32
8/5/2009 8 17.50%%* 5.12 -51 0.389 5.7 4.21
11/4/2009 8 25.61 5.35 -93 0.479 10.8 2.55

KBA-11-17B 8/3/1999 8 24.7 4.48 -112 0.118 6 NM
2/7/2000 7 21.9 54 -287 0.135 3 1.08
8/9/2000 6 243 6.8 -101 0.073 2 0.01
8/9/2001 6 23.6 5.46 -178.4 0.118 10 8.7
8/7/2002 8 25.88 7.14 58 0.583 2 3.35
8/5/2003 8 24.90 491 -1 0.331 0.5 3.98
4/8/2009 8 22.03 6.14 -33 0.190 0.5 3.99
11/4/2009 8 23.34 5.03 -5 0.472 <0.1 3.83

KBA-11-20 4/8/2009 8 22.79 6.56 -58 0.372 <0.1 4.53
11/3/2009 8 24.27 5.18 -56 0.252 <0.1 2.75

KBA-11-21 4/8/2009 8 22.30 6.04 -15 0.193 0.4 4.63
11/3/2009 8 24.45 4.93 -1 0.184 9.1 3.65

ft = feet
msl = above mean sea level
btoc = below top of casing 33
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Table 2
Well Purge Parmeters
well Date gﬁ'r‘g:g Temperature oH ORP  Conductivity  Turbidity Dés)f;géid
Identification (qal) (°c) (mV) (mS/cm) (NTU) (mg/L)
__

KBA-11-34 8/3/1999 6 30.5 32 -300 236 13 NM
11/9/1999 8 27.2 3.58 -134 2.26 9 0.44
2/7/2000 8 24.9 2.81 -184 2.19 9 243
5/4/2000 6 25.8 39 -119 1.36 10 5.85
8/8/2000 6 27.8 3.7 315 1.78 38 0.02
11/8/2000 6 26.03 3.51 -189 1.73 44 1.73
2/8/2001 6 26.9 3.8 -249 1.69 4 0.06
5/3/2001 8 252 3.88 -113 1.48 3 6.96
8/9/2001 6 27.5 435 -152.5 1.07 12 8.77
11/7/2001 6 253 3.7 -404 0.652 4.7 19.99
2/6/2002 6 28.08 345 2322 1.28 0.5 8.45
5/8/2002 8 27.12 3.65 -260 1.1 4.5 0
8/8/2002 8 27.89 5.05 112 1.02 53 3.32
11/5/2002 8 26.83 4.85 97 0.913 0.3 4.95
2/5/2003 8 24.3 3.94 -161 0.783 424 2.64
5/5/2003 8 26.3 3.97 210 0.898 36.3 0.7
8/6/2003 8 252 451 37 0.603 8.6 3.01
11/4/2003 8 26.02 4.25 37 0.47 47.7 3.6
2/4/2004 8 18.02 4.49 26 0.504 23 16.37
5/4/2004 8 23.91 4.51 -34 0.509 47.1 4.98
8/4/2004 8 24.40 471 -52 0.777 141 4.52
11/2/2004 8 25.15 471 -67 0.35 99 8.71
2/8/2005 8 23.90 4.97 91 0.29 9.3 8.27
5/4/2005 8 23.43 5.1 -61 0.28 26.9 4.72
8/2/2005 8 2421 8.89% -88 0.354 14.8 423
9/7/2005 4 24.41 5.19 -85 0.241 74.3 8.76
11/2/2005 8 23.54 4.76 -80 0.379 412 2.59
1/31/2006 8 22.78 5.34 -40 0.172 <0.1 6.57
5/4/2006 8 24.41 5.6 28 0.345 17.0 **
8/2/2006 8 24.70 5.31 -33 0.342 30.5 3.59
11/15/2006 8 24.14 5.27 -65 0.356 8.1 325
2/7/2007 8 20.63 5.37 -99 0.308 <0.1 3.63
5/9/2007 8 22.67 5.30 -86 0.165 42 2.86
8/13/2007 8 22.68 4.93 -84 0.373 <0.1 1.80
11/6/2007 8 22.67 5.36 -56 0.397 28.5 3.65
2/4/2008 8 22.16 5.63 -76 0.352 23.4 4.11
5/6/2008 8 23.47 5.49 -51 0.462 27.4 4.08
8/6/2008 8 24.01 5.23 -44 0.426 <0.1 3.08
11/5/2008 8 21.91 5.44 -53 0.315 3.2 4.08
2/4/2009 8 20.28 5.31 -28 0.346 1.7 2.82
5/5/2009 8 23.56 5.59 -51 0.355 13.1 3.29
6/2/2009 8 23.78 5.51 -8 0.390 0.2 5.67
8/5/2009 8 17.31%%* 5.53 -42 0.302 4.8 3.64
11/3/2009 8 22.69 5.65 -46 0.347 1.6 2.14

ft = feet
msl = above mean sea level
btoc = below top of casing 34
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Table 2
Well Purge Parmeters
Vygll _ Date Xﬁg:g Temperature pH ORP Conductivity — Turbidity D(;S)(S;é\éid
Identification (qal) (°c) (mV) (mS/cm) (NTU) (mg/L)
—

KBA-11-37 8/16/1999 9 25.5 5.52 =227 0.517 15 NM
11/9/1999 8 242 5.37 -200 0.573 12 0.46
2/8/2000 8 21.3 6.1 -323 0.562 6 1.45
5/4/2000 6 24 6.3 NM 0.517 10 1.75
8/9/2000 6 24.6 6.2 -119 0.551 3 0.03
11/8/2000 6 26.2 5.67 -73 0.533 43 0.86
2/7/2001 6 22.5 5.5 -73 0.559 9 0.1
5/2/2001 8 242 5.41 -139 0.595 30 8.55
8/9/2001 6 25.5 6.28 -248.8 0.587 10 9.61
11/7/2001 8 23.7 5.57 =72 0.618 0.5 1.75
2/5/2002 6 24.68 5.56 -147 0.395 0.7 1.27
5/7/2002 6 24.15 5.47 -155 0.231 6.01 0
11/5/2002 8 24.95 5.96 -120 0.365 2.2 3.20
2/5/2003 8 21.1 5.94 -148 0.310 2.5 5.09
8/6/2003 8 24.7 5.83 -114 0.3 7.3 2.92
11/4/2003 8 24.64 5.69 -125 0.312 4.4 2.48
2/4/2004 8 18.08 5.72 -166 0.332 18.9 10.66
5/4/2004 8 24.18 5.83 -125 0.388 6.0 4.82
8/4/2004 8 25.30 5.80 -86 0.491 26.9 4.93
11/2/2004 8 24.69 5.64 -123 0.282 4.1 4.15
2/8/2005 8 22.34 5.89 -113 0.247 12.8 7.52
5/3/2005 8 23.40 6.04 -90 0.249 2.3 4.97
8/2/2005 8 24.81 9.19%* -114 0.328 1.5 3.98
9/7/2005 4 24.41 5.83 -103 0.236 3.6 6.17
11/1/2005 8 24.52 4.67 -114 0.379 9.3 2.71
1/31/2006 8 20.91 5.84 -96 0.204 2.2 4.65
5/4/2006 8 24.16 6.48 -85 0.401 6.2 *E
8/2/2006 8 24.74 5.74 -45 0.413 3.6 2.97
11/15/2006 8 24.10 5.66 -117 0.431 2.5 1.75
2/7/2007 8 22.03 5.74 -122 0.251 <0.1 3.59
5/9/2007 8 23.19 5.84 -127 0.332 6.1 3.89
8/13/2007 8 24.93 5.64 -104 0.303 <0.1 3.67
11/6/2007 8 24.54 5.83 -80 0.384 <0.1 3.71
2/4/2008 8 22.81 6.05 -116 0.329 2.6 4.19
5/5/2008 8 24.30 5.89 -92 0.432 <0.1 3.97
8/6/2008 8 26.31 5.62 -81 0.379 <0.1 3.41
11/5/2008 8 23.22 5.94 =77 0.329 0.3 4.21
2/4/2009 8 20.21 5.54 -30 0.370 <0.1 3.41
5/5/2009 8 24.53 5.92 -76 0.390 1.1 2.87
8/5/2009 8 17.00%** 5.95 -70 0.315 1.5 3.35
11/3/2009 8 25.14 6.08 -108 0.371 7.6 3.12

ft = feet
msl = above mean sea level
btoc = below top of casing 35
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Table 2
Well Purge Parmeters
Vygll _ Date Xﬁg:g Temperature pH ORP Conductivity — Turbidity D(;S)(S;é\éid
Identification (qal) (°c) (mV) (mS/cm) (NTU) (mg/L)
—

PS-2 8/18/1999 7 232 4.95 =213 0.381 10 NM
11/9/1999 8 22 4.87 -144 0.363 2 0.35
2/7/2000 8 19.5 4.93 -387 0.355 10 1.43
5/3/2000 6 21.6 5.7 NM 0317 10 1.3
8/8/2000 6 23 5 -108 0.3 2 0.04
11/8/2000 6 242 5.4 -92 0.298 4 0.48
2/7/2001 6 17.7 5.24 -90 0.29 3 0.03
5/2/2001 8 21.7 5.42 -123 0.327 1 7.8
8/9/2001 6 23.1 5.8 -223.5 0.318 5 9.84
11/7/2001 8 21.2 5.06 -33 0.334 0.2 1.64
2/6/2002 6 22.85 5.24 -120 0.286 0.7 0.8
5/6/2002 6 22.1 4.98 -105 0.163 9.9 0
11/5/2002 8 22.55 5.61 2 0.312 7.3 4.62
2/5/2003 8 20.40 5.48 -160 0.325 3.9 2.10
5/5/2003 8 23.6 5.52 -150 0.372 46.2 1.5
8/5/2003 8 22.90 5.55 -115 0.293 29.9 3.44
11/4/2003 8 22.71 5.45 -100 0.274 13.8 3.64
2/4/2004 8 14.92 5.46 -13 0.344 9.2 5.44
5/4/2004 8 24.18 5.83 -125 0.388 6.06 4.82
8/4/2004 8 22.40 5.46 -128 0.549 125 3.78
11/2/2004 8 22.46 5.15 -123 0.252 24.4 8.85
2/8/2005 8 20.55 5.52 -133 0.239 14.9 7.96
5/3/2005 8 20.52 5.53 -47 0.239 1.3 5.51
8/2/2005 8 22.59 9.40%* -131 0.298 6.5 2.55
9/7/2005 4 22.19 5.40 -78 0.245 3.8 6.35
11/1/2005 8 22.01 4.82 -92 0.352 13.6 3.04
1/31/2006 8 19.31 5.64 -85 0.215 13.6 5.37
5/3/2006 8 23.32 5.55 -13 0.437 253 7.88
8/2/2006 8 22.37 5.56 -28 0.426 12.5 4.08
11/15/2006 8 21.69 5.41 -95 0.428 14.2 3.30
5/8/2007 8 22.84 5.35 -116 0.204 2.7 3.68
5/5/2008 8 23.42 5.52 -87 0.554 18.6 4.00
5/6/2009 8 23.01 5.47 -105 0.501 10.6 4.36

* pH data in August 2005 is suspect due to malfunctioning pH meter.
** DO reading not reported due to malfunctioning DO meter

ft = feet
msl = above mean sea level
btoc = below top of casing 36
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Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay
October - December 2009

APPENDIX A
WELL PURGING AND SAMPLING RECORDS

Site 11 Report



WELL MEASUREMENTS

WELL NUMBER ' MEASURETO MEASURE TO

D : DATE TIME WATER BOTTOM PHOTO VAC

- I
fBd 1~ 2 /-2 -eF o 8.53" S, T
1209 /2ae ¥.573
WEATHER CONDITIONS
WELL NUMBER : SKY

D DATE | TIME TEMPERATUHE . HUMIDITY BAR. PRESSEVE CONDITIONS

ABA- 1 - 2 /209 \pdos” G 7 &7% FE, L S Lo
[-2-0% /320 25 F 487 F2. 03 IPIRDY Clowdy




WELL MEASUBREMENTS

WELL NUMBER MEASURE TO- MEASURE TO
D : DATE TIME WATER BOTTOM FHOTO VAC
ABG~4/- 28 w2 08 | 0835 7,63 47,59
' &
IR AN /2O 7, o d
| WEATHER CONDITIONS
WELL NUMBER 5KY
D DATE | TIME { TEMPFERATURE | HUMIDiTY BAR. PRESSEVE CONDITIONS
W - 3B | 42000835 | LT 6 87 30, 0f Lhoun’
409 14310 bV s 72.03 SRy fodeen |




WELL MEASUREMENTS

MEASURE TO

WELL NUMBER MEASURE TO
D __ PATE TIME WATER BOTTOM PHOTO VAG
kBa-y- SR\ MY 2-29 | pgrs AL, “43, 57
/I FO0 /0. G4
WEATHER CONDITIONS
WELL NUMBER ' SKY
D DATE | TIME | TEMPERATURE HUMIDITY BAR. PRESSEVE CONDITIONS
kBg-1(-3 34209 \08rs | & 3°F 74 s 32,06 |\ Liowpy
ud-09 |/z3ee 7 5% WA 30.03 PoarLy Licad?




WELL MEASUREMENTS

WELL NUMBER MEASURE TO MEASURE TO
D DATE TIME WATER BOTTOM PHOTO VAC
# o
KB4y e 81 j~2-29 ;W?.,:m“ Y S 7
/-7 -09 /330 Ty
| | WEATHER CONDITIONS
WELL NUMBER : SKY
D DATE | TIME 1 TEMPERATURE L HUMIDITY BAR. PRESSEVE CONDITIONS
UBAJI- 10 8 | 11-2-090%25 | (9= L4 %% 2200 Liowpy
12091730 75 % %49 % 30, 00 LAy foup'y]




WELL MEASUREMENTS

WELL NUMBER MEASURE TO MEASURE TO
D ‘ DA'%'E_ TiIME WATER BOTTOM PHOTO VAG
KB4 1A Ji- 2. 29 P82 5.2} 36,92
(-2 8 /305 £. 20
| WEATHER CONDITIONS
WELL NUMBER ' SKY
D DATE | TIME | TEMPERATURE Y HUMIDITY BAR. PRESSEVE CONDITIONS
KBA-pt-14 4 Ni-2e9 lodas | go % 7/ Ve 30,06 | livwny
A ed 11308 YW NV A= ﬁ?ﬁﬂ?’ Livupy




WELL MEASUREMENTS

WELL NUMBER — MEASURE TO | MEASURETO T o o
o DATE TIME WATER B OTTOM PHOTO VAC
‘ - - &
KBY-4i- 434 s1s2- 09 (O .39 | 42.36
L3 07 /250 8.39
| WEATHER CONDITIONS
WELL NUMBER . SKY
D DATE | TIME | TEMPERATURE |  HUMIDITY  |BAR. PRESSEVE] o0 o
KBA-11- 124 Nir-2-29 ipzs 7L 59 Ve DL Lb L oiep
H-2edlizso | 78~ $7 Z TO, L0 L RILY CloupH




SAMPLING STATION

Well # Station Type
KB9-1l- 134 ment voRIn G W E L L
SAMPLE -
Sample 1D Sample Matrix Sample Type - Collection Method  Date Time By
kg 1 134 mov- R LIATER @ Bed R Y ¥ 4 /BOS 74
Instruments Manufacturer/Mode | Serial No. Dale of Cal. Calib.Due Reference
_ Akre 9L
pH/ER HoRiBs wld |BAANE (/0-36-0F L4018 Dgriy | Spruzion
Corductivity/ Temp \ ' { \
Dissolved Oxygen } ' ‘
Turbidity i |
v 1
Radox
GROUND LEVEL DATA (before purging)
Well Variables
Depth of watet = (TD - H) = h () H = depth to top-of water]
Insidle diam. Of casing = d(in.); 1/2(d) = r(in.)
r{in.)
o t 17,
20 Ry, {7 47 galfft 3 constant)
WELL PURGE INFORMATION
PURGE EQUIPMENE: SIN: PUR : ; ‘ ; Pump Type:
(oo famp 3 17 RGEMETHODE, o cogurr ¢ /2 aempl TP
Progq Cyc] Date Time ”E‘(eg )p pH Cond, Units Turb. Units D.O. Units Redox

201 | y9)s309 aunsd v.53). 388 | She| 0.0 | pre 12.83) gf FSTm

YAl V09 1230 |24 .46) 4.5, 292 | Hea | C.0 | 7w D74 | g/t F50ne

[

GAAL Y -09/392 (24126453 401 |Sew| 0.0 | nTe |2.41) 51 tSE2my

18 6L - 1A |35 R3Md%52|. 329 | Fea 0.0 | nTw \2.3%| /i FSbm

Well purged to dryness: [1Yes [Mo

Reviewad by ‘ Date:
AljoHw- O

2010w 02 DUP
Dot o) - 833 wS/mED

Recorded by: :__ o




WELL MEASUREMENTS

WELL NUMBER MEASURE TO | MEASURE TO
D DATE TIME WATER BOTTOM PHOTO VAGC
. - L
HES-H-738] y~2-29 JOID 12,52 GL. Sy
Fa
/203 SUKY /2. 53
| WEATHER CONDETIONS
WELL NUMBER | SKY
o DATE | TIME | TEMPERATURE] HUMIDITY | BAR. PRESSEVE]  onDITIONS
KEA 1238 | J-2-28| 1010 70 % &/ % P, O Ceondy
(g-e9i3ws | 787 49% 38, 00 |Pway roudy




WELL MEASUREMENTS

WELL NUMBER MEASURE TO | MEASURE TO 5
D__ PATE HIME WATER BOTTOM PHOTO VAG
— p -~
KBA-1E- 1.5 /269 [0 2 37 32*?8’
A0 A Xxtu 2.37
| WEATHER CONDITIONS
WELL NUMBER a " _ . SKY
b DATE | TIME | TEMPERATURE | HUMIDITY | BAR. PRESSEVE| (oo
KBa-u-ys 209 ete | 70 °r $8% 32, 06 LLowDy
1-d e8| A5 F L T FEL 00 Periy floup




SAMPLING STATION

Station Type

Well #
KBA-1i- 1.5 momgoRinG  wIELl
SAMPLE
Sample 1D Sampla Matrix Sarmple Type Collection Method Data Time - By
e nov-dA)  warER | G RI8 /-7-09 o850 7H
Instruments Manufacturer/Mode . Serial No. Date of Cal. Calib.Due Reference
| _, l 7o AL
pH/ER eRiBd ild 2 03346 3i2-30-0Lq143 B Stiwiion
Conductivity/ Temp |
Dissolved Oxygen
Turbidity / J
Redoi ; ! I l i
GROUND LEVEL DATA (before purging)
Well Variables | .
D’eptﬁ of water = (TD - Hy = h (ft) [H = depth o top of water]
Inside diam. Of casing = d(in.); 1/2(d) = r{in.)
F{in.) » i
20n) = R (it} [7.48 galft 3 constant}
WELL PURGE INFORMATION
G : : : ' . :
PURGE EQU!PMEN& Pasip 2 SN PURGE METHOD,, STTIC p@m’ p Pump Typo
Prog Cyc| Date | Time {eg‘;’ pH Cond. | Units Turb. Unts | D.O. | Units | Redox
LGALW 30311202 122124590 | 4F3 Sewa| 0.1 nru |38/ g/t | RHme
YhaL V369110, 1228108570 . G| S| 0.0 |nTie 13631 g | Imy
bGAL|Y3-03)02 1122948 .71 | .928 S| 0.0\ nre 1362| 9/t |*/2mu
§6a) iradlie30(22.2605.71 1. 22/ |Sen| 0.0 \nre [3.56| ofo |-22my
Well purged fo dryness: {1Yes [4Ko
Recorded by: e ns s st .- |Date: /)0 9 Reviewed by: Date:

2004015



WELL MEASUREMENTS

WFLL NUMBER - MEASURE TO | MEASURE TO | = myirs v,
D __ oATE TME WATER BOTTOM PHOTO VAC
~
rd ) o
LB4-)- 16 [ 0P 75w 4,08 | HY 56
- e
/H-2-07 /2 Y.l 8
| WEATHER CONDITIONS
WELL NUMBER - ' ' SKY
ph DATE | TME | TEMPERATURE |  HUMIDITY | BAR.PRESSEVE| oounions
HeA Y/ 16\ Y-2-5\pss | 74 % 49% Fo. 06 |Paly fowpy|
| pF09 W25 25 WA 2o, po Pren v fLoup s




SAMPLING STATION

Nel & Station 1ype | |
T BN 2l monigoRin s WEL L
SAMPLE
Sample 1D Sampla Matrix Sample Type Collection Method  Dale - Time - By
g sse-nov-A | _wigrER | GRAB oG ye3sT TH O
Instruments Manufacturer/Mode " Serial No. Date of Cal. Calib.Bue Reference
Awere (4L
pH/Eh HoRiIBA U2 2 OA2l 3207 (L4048, DALY | SOLwgien
Conductivity/ Temp | | . { | |
Dissolved Oxygen ' g
Tubidty { 3
H T
Redox ‘
GROUND LEVEL DATA (before purging)
Well Variables - '
Depth of water = (TD ; Hy = h (f) [H = depth to top of waterj
Inside diam. Of casing = d(in.); 1/2(d) = r(in.)
r{in.) .
20 w R (), [7.48 gal{f‘t 3 constant}
WELL PURGE INFORMATION
SIN: : ; ' : imp Type:
PURGE EQUEPMENEgQ Pwmﬂﬂ 2 SIN.. PURGE METHO%e fic ¢ - y Pgmp ypa
Proq Cycy Date Time wi;eén ;3 pH Cond. Units Turb, Units D.C. Unitss Redox
D GAL -4oF | joy s [6.07e)S. 25|, 230 ﬁ/w 0.0 hrw | 23% | g/t $7mv
Yom it sotliose 1259857 251,398 (S | &4 | nrw 268194 F18mv
bl Wr4-631107 fy,s:féfc $ 30,479 |Sbw | & | T |2.32 EY/A =8 aee
3laL W Alig |as6tls 35 | 472 \Slen| (0.8 | nTw |2.55] o/ [ ¥3mv
Well purged fo diyness: [1Yes [di4do
Recorded by: Date: i 09 Reviewed by: Date:

RO PR




WELL MEASUREMENTS

WELL NUMBER MEASURE TO MEASURE TO 1 S
D DATE TIME WATER BOTTOM PHOTO VAC
-~ '
KA 17 B | H-2-0F /140 2.92 4453
s '
/4320 2.92 -
| WEATHER CONDITIONS
WELL NUMBER : | SKY
| D DATE | TIME | TEMPERATURE ]  HUMIDITY BAR. PRESSEVE CONDITIONS
W89-1s- 178 |yt-2-09\yyee | 73°F Se% | 3206 |pany o
| 209 Wr2e | 75 So% I, 00 VERiLy Liowdy




SAMPLING STATION

Nell # Station Type
Yy 1 rrIyy: ok TeRIN & LWEL L
SAMPLE
Sample 1D Sample Matrix Sample Type Collection Method  Date Time - By
B-fr 178 vow. 03l WIRTER. &W@ yr407 o4 - T4
Instruments ManufaciurerMode . Serial N_o. Date of Cal. Calib.Due Reference
- ' dure AL
pHVEh HeoRiBg (22| 23 el [£-36-6F 104018, By | Sole]ion
Conductivity/ Temp | ' { |
Dissolved Oxygen }
Tubidty ( ;
Hedok J / (
GROUND LEVEL DATA (before purgmg)
| . ‘ .
Well Variables
Depih of watex; = (T D- H) =h (ft) [ = depthto top of wa’{erj
Insicle diam. Of casing = d(in; 1/2(d) = r(in.)
r{in) . '
200 = H (ft), [7.48 gal{ft 3 constant)
WELL PURGE INFORMATION
: Pt :
PURGE EQUIPMEN]S hao pﬂ&mﬂ 4 SN PURGE METHO!%Q ‘ T e ff}um’;@ i{mp Type
Proq Cyc] Date Time T(eén ;) pH Cond. Units Turb. Units D.C. Units Redox
2640 w09 0951 12355536 | 182 | Yon | 00 | nru 1342 ) oft | /36w
3| 3.9
4G4 140911003 T 5020 200 | Som| 0.0 | nru |& é g/t |63 my
Lbias LpysP003 1233505 04| o | Skm| O.0 nrw | 4.09 _;‘3&/2' 3w
b0 W-Y5917023 122.3%| .5, 03) . 472 S;/am 0. 0 nru |2.83 &yt
Well purged to dryness: [JYes [¥fo
Recorded by: @ Ly : + Date: b 99 Reviewed by: Date:

/030

2owke 019



WELL MEASUREMENTS

MEASURE TO

WELL NUMBER MEASURE TO e '
Mt DATE TIME WATER BOTTOM PHOTO VAC
- . s
KEA-y-2% | J)2-09 1l 3& 223 48, 6D
s, _ :
M -2-c3F RIN A AT
WEATHER CONDITIONS
WELL NUMBER : : SKY
D DATE | TIME | TEMPERATURE HUMIDITY | BAR. PRESSEVE CONDITIONS
kg 1s  \ia2-29\use | 73 §7% 32 86 \Papny (iow of)|
(2o s | 78 F 497 Feo, 20 Ry (loeps




WELL MEASUREMENTS

WELL NUMBER A ’ MEASURE TO | MEASURETO | ... |
D DATE TIME WATER BOTTOM PHOTO VAC
& &
k@420 | 1209 1410 /.95 39.93
J{-2-09 /4 0.5 /. 5
| WEATHER CONDITIONS
WELL NUMBEF% - : J ‘ SKY
D DATE | TIME Y TEMPERATURE §  HUMIDITY BAR. PRESSEVE CONDITIONS
KB4-if- 1o J2-0F 110 74 % g -3 38 P Lipwdy
[-2-29 Yuas | ThF “+3 % 22,00 \Pagny fLoudy




Station Type

Well & '
KEA-4. 20 monmgoRind WELL
SAMPLE o _ '
Sample 1D - Sampie Matrix SBample Type Collection Method_ Data - Tima - By
l2a:s1-do-toved| clorel GRris /AN ALY SV L 7 @
instruments Manufacturer/Mode Serial No. | Date of Cal. Calib.Due . Reference
. _ AURTE LT o
pH/ED LroRiBg w23 | 22206 |(0-30-0314010 DAGY] SOLUTION
Conductivity/Temp / _ [ "
Dissolved Oxygen
Tubidty
Redox ‘ ‘
GROUND LEVEL DATA (before purgmg)
Weﬂ Variables -
Depth of Water = (I' D-Hi=h (ft) [H dep’ih to top of Water}
Inside diam. of casing = d{in.); 1/2(d) = r{in.)
£ rin) . ]
--———'""'1 o) = R () [7.48 galx_’ﬁ 3 constant} |
WELL PURGE INFORMATION
PURGE EQUIPMENF: SIN; PURGE METHOD ' Purmp Type:
breo famp 2 ROEME O Pz g e Jumpl T T
Prog Cyc] Pate | Time f(eg\ ;3 pH Cond: Units Turb. Units D.O. Units Redox

264135825 7|299904.96 | 199 | Sen| 0.0 | nrw 245\ gl |3imd

et

YRALY A28 245555718, 209 |Sew| 0.0  |nTu 12.29 | g/ o & st
6GAL 1-3-631319 124334518 . 253 | Yew | 0.0 | 0T (.60, 9/1 |5 4m¥

Yt &

S644 31330 law- a0 518|352 Sem| 0.0 | T 1225 | g/e "Sémd

Well purged to dryness: {1Yes [Q/Nf)

Recorded by: 7’/ 3 ﬁ f Date; - / / ,’?“ b ? Raviewed by: ‘ Date:
7 7

335 doteffw~ 017



WELL MEASUREMENTS

24

WELL NUMBER o B MEASURE TO | MEASURE TO |
AME DATE TIME i by PHOTO VAC
) ' & -
K@i 2] |\ W -2 27 (085 .40 40,35
[/=2-27 2y 'y
WEATHER CONDITIONS
WELL NUMBER | - ‘ SKY
v DATE | TIME | TEMPERATURE| HUMIDITY |BAR PRESSEVEL o\ b e
KB4 2 1 |ri-2-0%ess | 76°F S 2% 32.06 LLlowpy
W-2-0%)) o0 ot 7 FL 00 BRIy Liowdy




TSI P MINIC B N W
Well # Station Type _
ABY-)- 21 monITORING  t/ELL

SAMPLE '

Sample 1D Sample Matrix Sarmple Type Collection Method Data Time - By
Wagydsnov sl w4rER | GR2EA 1309 JOHS  TE

. Instruments Manufacturer/Mode - Serial No, Date.of Cal. ‘Calib.Due Reference
- , AUFo Td
pH/ER HoaiBA w2l | 02246 |/0-300F L8 BinY| Seiugion
Conductivity/ Tamp ! { ‘ {
Dissolved Oxygen } / ' | /
Tubidty | I ( J /
§

Redox ) ( f

GROUND LEVEL DATA (before purging)
Well Variables o o
bapth. of water = (TD) - H) = h (ft) {H = depth to top of watter]
Inside diam. Of casing = d{in.}; 1/2(d) = r(in.)

ggﬁ)‘) = F{(ﬁ); [7.48 gal{ftScons’tant]

WELL PURGE INFORMATION
PURGE EQU!PMEN’&@ o /f) SMN; PURGE METHO% ST LTI f%l p ’Pgmp Typea:
ProgCyc} Date | Time (e{';“f pH Cond. | Units Turb. Unts | D.O. | Units | Redox
2 81209105 710879 4,851 . 138 | Sew| DO | n7w |38/ g/s | 2%m
YGALY2-08]1108 28.576| 485 | 146 [Sem| 0.0 | nru |7519/4 |/ Tmy
6640 113021119 12835 4.9 |. (8 |Sfew| L0 | AT |36719/t | éme
3641 112091112 8 124,450 4.93]. 184 | She| 9.4 |nru |3.65\ g/t |~/mv

Wall purged o dryness: [1Yes [INo

Recorded by: e <t Daie:/ /. 3 9? Reviewad by: Date:

qo0 e 91k



WELL MEASUREMENTS

WELL NUMBER MEASURETO MEASURE TO
M DATE TIME o ey PHOTO VAG
- _ : -
£e-4-22 S =209 o 3,09 S 2.2
[-2-09 /315 9.50°
| WEATHER CONDITIONS
WELL NUMBER : SKY
D DATE | TIME | TEMPERATURE |  HUMIDITY BAR. PRESSEVE CONDITIONS
Ke4jr22  \ya2-090850 | 47 % &7 % FO, 06 | Lroupy
28914378 28 b7 e JL. L3  RRILY Lioupl]




WELL MEASUREMENTS

WELL NUMBER : MEASURETO | MEASURE TO | mrrires v
D PATE THE WATER BOTTOM PHOTO VAC
k- 34 | y-2-09 o990 | y.i2” | 4pga
- L4
/209 /33 oy
WEATHER CONDITIONS
WELL NUMBER ' . - SKY
I DATE | TIME |TEMPERATURE| HUMIDITY |BAR. PRESSEVE| o\mimone
KBY-1p - 34 | ypa-09 |pue 720 % ! 7 Zo.l6 CLowdy
Y209 1235 | 78 < $#9% Fe oo any Liroupy)




ISAMPLING STATION

OG0

ol IO M~ DI

IWell# . Statlon Type
K84-1l- 3% MOnit ToRIN G tis L L
SAMPLE
Sample 1D Sampie Malix Sample Type © Collection Method  Date Tims By
(8- 34 hov 308 GMHTER 5£18 | ) 204 o8us TR
Instruments Manufacturer/Mode S_eriaiero. Date of Cal. Calib.Due Reference
. - , Auie L
IpVER ORIRY k22 |\ LAAYE [8-F0 28 (AL B, DAy | Seiufien
Conductivity/ Temp { | ) ] | {
{Dissalved Oxygen l { | ’)
Turbidity ! l }j
. | I 1
FRadox j
GROUND LEVEL DATA (before purging)
Well Variables
Dep’t’hbf water = (TD - H} = h (it} [H = depth 1o top of watéﬂ
Inside diam. Of casing = d(in.); 1/2(d) = r(in.)
1 r(in) .
-—--———--12““) R (ft), [7.48 gal/ft 3 constant]
WELL PURGE INFORMATION
GE : : ; ' P Type:
PUR IZ—:(DUlPI\IIEP\J(‘J);‘;f,m /%&J’m@ 7 S/h? PURGE METHO%@;?IJ],4A -_ﬁ.g;m’ﬁ ump Type
Prog Cyct Date | Time 'I;e(r:n ;J pH Cond. Units Turb. Units D.O. Units Redox
2 bt |-2-5910958 22380 581 | 327N S fom| 0.0 | nree |35 gls | =83
Ylal W3 0%108/0 Qﬁ.#?ﬁ\ﬁf"?? , 239 5/:2'% .o nru ld. 20 fﬁ,/" A= bbb my
b GAL 1309092322 685,69 |. 249 | Sen | 0.0 |nru |2.35| gfs |-S3m
8§ GAL |11-3.09|0925 122695 65| . 347 ol L6 T | Lt | g/r |Hbmp
Well purged to dryness: [1Yes [4¥o
Recorded by vj’ PRy ﬁ M Date: J j' 3- ﬁ? Reviewad by: Date:
! - ‘



WELL MEASUREMENTS

WELL NUMBER MEASURETO MEASURE TO
S oATE 1VE WATER BOTTOM PHOTO VAG
: b <
KB4-1- 26 | ) -2-09 | 2958 .77 Li], 4 3
[-2-07 /240 /.76
| WEATHER CONDITIONS
WELL NUMBER SKY
: D DATE | TIME | TEMPERATURE |  HUMIDITY BAR. PRESSEVE CONDITIONS -
K8A-1i- 3l 3090855 | 0% /% 32,06 |teoupy
/209 3o | 28w ¢ 3% Fa oo \Zany Llrewdy




WELL MEASUREMENTS

WELL NUMBER

T MEASURETO | MEASURETO | L/
D PATE TIME WATER BotToM | THOTOVAC
. rd : . &
KBI-H-37 | 42 -6 /R 2. 3% 28,27
[i-2-0F f470 <2.33
o | WEATHER CONDITIONS
WELL NUMBER N O ' ' SKY
e DATE | TIME |TEMPERATURE | HUMIDITY |BAR. PRESSEVE( o\ fo e
i64-it- 87 \ywa-o%nae | 72°% $2% 2006 Parily Liougy
e AYY RIUTL) 74 % “yd ez FO. 00




/4 30

Well # : Station Type -
KB4~ 37 momiFORING  WELL
SAMPLE - ‘ ‘
Sample 1D Sample Matrix Bample Type Coilecﬁo_n Mathod Data Time - By
Wag- 1 37nwed_wATER LR 8 Y- Z-09 | (40 7B
Instruments Manufacturer/Mode Serial No. ‘Duie of Cal. . Calib,Due Reference
| T Furs LA,
pH/Eh HoRiBg 22 | £I1IY6 |10-30.09 il Y| Seserion
Conductivity/ Temp { { " j \
Dissolved Oxygen | ! | }
Turbidity | I {
. 1 l i §
Redox _
GROUND LEVEL DATA (before purging)
el Variables | S
Dépth of water = (TD -Hy=h (ft)“ fH = depth to bgi of 'wéterj
inside diam. Of casing = d(in.}; 1/2(d) = r(in.}
§orin) _ .
Wi:z(in.) = H (i), [7.48 galft 3 oonstant}
WELL PURGE INFORMAT!ON
PUBGE EQUEPMEN&QQ ﬁ&mﬁg S!N:. PURGE METHO%gg; TALTIC. am‘ﬂ Pl_imp Type:
Prqq Cycj Date Time T;egl §J pH Cond, Units Turb. Units D.0. Units Redox |
244 3001357 WS511589 ). 204 | Sew)| O.0 | nTu |3.58\g/L |- Fim
Yol 1130340l 28.3%6.06 .33/ %« 0.0 nrw 13,30 ﬁ/l. =108 m
bGAL V30911412 25.29)6.28|, 36/ |Sha | ©.0 |hru .95 g/t r/oFm
864y 1/)3 041422 |25 14616 .08 |. 37 Skl 7.6 nru |41 g/t |~/0fmd
Well purgad to drynese: []Yes {&}Ng
Recorded by: 7/ , Date: //, 30 ? Reviewed by: Dale:
' / - i

doioHe) - 018



WELL MEASUREMENTS

WELL NUMBER MEASURETO MEASURE TO
D DATE TIME WATER - BOTTOM PHOTO VAC
” P
KB4t PS2 | Y -T-29 L2718 (.93 27. %4
[-2-09 | 1338 6. 93
WEATHER CONDITIONS
WELL NUMBER SKY
D DATE | TIME § TEMPERATURE §  HUMIDITY BAR. PRESSEVE CONDITIONS
B 1P | y-2-03\0%s | &7 F A 3. 0b Lloudy
i-2-0%liza5 | TS & 49 20,03 \PrnY fieuby




Quarterly Groundwater Monitoring Report
Site 11, SUBASE Kings Bay
October - December 2009

APPENDIX B
ANALYTICAL REPORTS

Site 11 Report



























































































































































































































































































































CONTENTS

EXECUtive SUMMATY ... ..ot 4
INtrodUCHION. ...t 5
Methods and Materials
Geology, hydrology, and site hiStory.............ccovviiiiiiiiiiiii i, 6
Water chemistry sampling.............cooiiiiiiiiiiiiiiiiii e, 7

Results and Discussion

Monitoring Well TeSUILS. ... ...ooiiii i 8
ReEAOX PrOCESSES. .. uveeteitett ettt 13
Analysis of sampling frequency.............coooiiiiiiiiiiiiii i 14
CONCIUSIONS. . . .ttt e e 17
RETRIENCES. ... 18
TABLES
Table 1.—Natural attenuation parameters, NAS Kings Bay, 2/19/09............... 20
Table 2.—Natural attenuation parameters, NAS Kings Bay, 6/01/09............... 21
Table 3.—Natural attenuation parameters, NAS Kings Bay, 7/21/09............... 22
Table 4.—Natural attenuation parameters, NAS Kings Bay, 9/15/09............... 23
Table 5.—Chlorinated ethenes at Kings Bay, 2/19/09..............cccooiiiiiiiiin. 24
Table 6.—Chlorinated ethenes at Kings Bay, 6/01/09...................ccooiiiiiiinn. 25
Table 7.—Chlorinated ethenes at Kings Bay, 7/21/09............cccooiiiiiiiiiiiiiinnn. 26
Table 8.—Chlorinated ethenes at Kings Bay 9/15/09.................ccooiiiiiin. 27
FIGURES

Figure 1.—Locations and numbers of monitoring wells at the Kings Bay site.... 28
Figure 2.—Concentrations of vinyl chloride at the Kings Bay site, August, 1998. 29

Figure 3.—Concentrations of vinyl chloride at the Kings Bay site,
September 2000, 30

Revised
July 6, 2010



Figure 4.—Concentration changes of sulfate and chlorinated ethenes over
time at well USGS-3.. ... 31

Figure 5.—Concentration changes of sulfate and chlorinated ethenes over
time at well KBA-13A.. ..o 32

Figure 6—Concentration changes of sulfate and chlorinated ethenes over time
At wells USGS-4 and USGS-5......coooiiiiiiiiiiiii, 33

Figure 7—Concentration changes of chlorinated ethenes at downgradient

Wells USGS-9 and USGS-11......ooiiiiiiiiiiiee 34
Figure 8—Concentrations of sulfate, VC, and cis-DCE over time

At Well USGS-8. ..o 35
Figure 9—Concentrations of redox indicators over time at well KBA-13A...... 36

Figure 10.—Comparison of DCE concentration trends at well USGS-10
assuming the well was sampled quarterly, biannually,
or annually for eight years..................oooiiiiiiiiii i, 37



EXECUTIVE SUMMARY

Monitoring data collected over a ten-year period demonstrate that a plume of chlorinated
ethene-contaminated ground water has contracted significantly following treatment of the
contaminant source area using in-situ chemical oxidation (ISCO) and vegetable-oil injection.
Prior to ISCO treatment, concentrations of perchloroethene (PCE) exceeded 4,500 micrograms
per liter (ug/L) in a contaminant source area associated with an abandoned municipal landfill in
Kings Bay, Georgia. The plume emanating from this source area was characterized by vinyl
chloride (VC) concentrations exceeding 800 pg/L. In-situ oxidation using Fenton’s Reagent
beginning early in1999 lowered PCE concentrations in the source area below 100 pg/L, and
PCE concentrations have not rebounded above this level since treatment. In the ten years
following treatment, VC concentrations in the plume have decreased significantly. These
concentration declines can be attributed to the movement of Fenton’s Reagent-treated water
downgradient through the system and the significant natural attenuation capacity of this naturally
anoxic aquifer. The Fenton’s-treated water arrived at the first line of USGS monitoring wells at
the time of the first ISCO treatment (1999), leading to an immediate and sharp decrease in
contaminant concentrations. The Fenton’s-treated water arrived at the second line of monitoring
wells in 2000, again leading to rapid lowering of trichloriethene (TCE), cis-dichloroethene
(DCE), and VC concentrations. The Fenton’s-treated water arrived at the third line of
monitoring wells in early 2004, coinciding with a more gradual decreases in contaminant
concentrations. The results of this study suggest that source-area removal actions, particularly
when applied to ground-water systems that have a significant natural attenuation capacity, can be
effective in decreasing the areal extent and contaminant concentrations of chlorinated ethene

plumes.



INTRODUCTION

A combination of source-area removal by Fenton’s Reagent in-situ chemical oxidation
(ISCO), vegetable oil injection, and natural attenuation has been selected by the Southern
Division NAVFACENGCOM and by the Georgia Department of Environmental Protection as
corrective actions for chlorinated ethene-contaminated ground water at the Old Camden County
Landfill, Naval Submarine Base, Kings Bay, Georgia. A comprehensive sampling and analysis
program is being conducted by the U.S. Geological Survey to assess the effectiveness of this
remedial strategy for remediating chlorinated ethene contamination in ground water. This report
summarizes the results of the tenth year (February, 2009 to September, 2009) of natural

attenuation monitoring at this site.



METHODS AND MATERIALS
Geology, hydrology, and site history

The site is an abandoned landfill, known as the Old Camden County Landfill, located at
the Naval Submarine Base (NSB) Kings Bay, Georgia. A map of the site showing the location
of the former contaminant source area and the locations of monitoring wells is shown in Figure
1. This site is underlain by sediments of back-barrier and barrier-island origin. The most
permeable sands underlying the site are between the depths of 10 and 13 meters below land
surface, and record sedimentation of a prograding barrier island. This permeable zone is
underlain and overlain by finer-grained sands, clays, and organic-rich sediments of back-barrier
origin that exhibit lower hydraulic conductivity. Aquifer tests and slug tests at this site indicate
that hydraulic conductivities of the permeable sands range from 0.6 to 10 m/d. The lithology of
these sands suggest that the permeable aquifer is characterized by higher hydraulic conductivities
(K~10 m/d) relative to overlying and underlying sediments. Because of its relative permeability,
this sand aquifer is a preferential pathway for horizontal ground-water flow in this system and
characterized by ground-water velocities in the range of 25 to 30 m/y. The organic-rich back
barrier sediments overlying the aquifer has the important effect of removing dissolved oxygen
from recharge water and producing uniformly anoxic conditions in the permeable zone.

The Old Camden County landfill was used to dispose of municipal waste between 1974
and 1981. Trenches were excavated to a depth of between 2 and 3 meters, filled with waste, and
covered with fill. At some time during waste-disposal operations, PCE was released at the
landfill. The areal distribution of the PCE source area was previously identified by direct-push
sampling of ground water and aquifer sediments (Chapelle and Bradley, 1998). Prior to 1998, a
discrete plume of chlorinated ethene-contaminated ground water was detected by direct push
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methods (ABB Environmental Services, Inc., 1997) and documented to flow from the source
area toward the northwest.
Water Chemistry Sampling

Ground-water samples for quantifying chlorinated ethenes and redox-sensitive
parameters needed to assess the effectiveness of natural attenuation were collected quarterly
between 1998 and 2009 from a network of plume monitoring wells (Fig. 1). These small-
diameter (2.52 cm) monitoring wells were screened between 10 and 12 meters below land
surface in the contaminant-bearing high-permeablility zone. During sampling, three well
volumes was purged with a peristaltic pump from each well. The well was then sampled when
stable measurements of water temperature, conductivity, pH, and turbidity were obtained.
Samples for analysis of chlorinated ethenes (EPA method 8260B) were collected in 40-ml glass
vials, preserved with HCI, and capped with Teflon-lined septa for transport to the laboratory.
Dissolved hydrogen (H,) concentrations were measured using the gas-stripping procedure
described in Chapelle et al. (1997). Concentrations of dissolved Fe(Il) and sulfide (Hach Co.,
1989), as well as dissolved oxygen (Chemetrics Inc.) were measured in the field using
colorimetric methods. Sulfate and chloride concentrations were measured using anion exchange
chromatography with conductivity detection (Dionex Inc.). Samples for the analysis of methane
and dissolved inorganic carbon (DIC; the sum of dissolved carbon dioxide, bicarbonate, and
carbonate species) were collected by filtering 2 mls of ground water (0.2 pum filters) into sealed
10 ml serum vials. In the laboratory, the water was acidified to pH~1 (converting all DIC
species to carbon dioxide), and then carbon dioxide and methane in the headspace of the vial was
measured using gas chromatography with thermal conductivity detection. The amount of DIC
and methane in ground water was then estimated from the measured headspace concentrations by

7



using the Henry’s law coefficient for the partitioning of methane and carbon dioxide between the
gaseous and dissolved phases. Determination of predominant terminal electron-accepting

processes was based on consumption of electron acceptors such as dissolved oxygen and sulfate,
production of final products such as ferrous iron, sulfide, and methane, and concentrations of the

intermediate product hydrogen (Chapelle et al. 1995).



Results and Discussion

Monitoring Well Results

The locations of the USGS monitoring wells relative to the location of the contaminant
source area as it existed prior to ISCO treatment are shown in Figure 1. Ground-water chemistry
parameters that indicate the efficiency of chlorinated ethene natural attenuation are shown in
Tables 1-4, and data showing concentrations of chlorinated ethenes are shown in Tables 5-8.

The following discussion highlights observed trends in concentrations of contaminants and
effectiveness of natural attenuation at the site.

Concentrations of vinyl chloride (VC) in the plume as measured in August of 1998, prior
to source area treatment by Fenton’s Reagent, are shown on Figure 2. At that time,
concentrations of VC in the plume exceeded 800 pg/L (well USGS-6), and were also high (683
ng/L) in the plume adjacent to the neighborhood (well USGS-10). In contrast, plume
concentrations of VC in September of 2009, are shown on Figure 3 and are much lower.
Concentrations of VC in water produced from well USGS-10 in September 2009 had decreased
to 19 ng/L. The highest VC concentrations observed (41 pg/L) were observed in water produced
from well USGS-4. These results indicate a decrease in VC concentrations of more than an order
of magnitude since 1998. These results also demonstrate that the size of the plume has
contracted significantly since treatment, and that concentrations of contaminants in the remaining
plume have decreased significantly.

A more detailed evaluation of chlorinated ethene concentration changes in the plume
after Fenton’s Reagent treatment can be made by considering water-chemistry trends at
individual monitoring wells. Concentration changes of sulfate and chlorinated ethenes over time

measured at well USGS-3, which is representative of the monitoring wells closest to the Fenton’s
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injection zone (Fig. 1), are shown in Figure 4. Because sulfate is a component of Fenton’s
Reagent, and because background concentrations of sulfate are relatively low at this site (0-10
mg/L), sulfate is a useful tracer for ground water that has been impacted by Fenton’s-based ISCO
treatment. After ISCO treatment, concentrations of sulfate were observed to increase steadily for
two years (Fig. 4A), and then, beginning in early 2001, to decline. This indicates that a “pulse”
of high-sulfate water, indicative of Fenton’s Reagent treatment, moved through the first line of
monitoring wells soon after treatment. Concurrent with increasing concentrations of sulfate,
concentrations of VC (Fig. 4A), trichloroethene (TCE), and cis-dichloroethene (cis-DCE) were
observed to decline below measurable levels (Fig. 4B). These data demonstrate that Fenton’s
Reagent treatment was effective in removing chlorinated ethenes from ground water, and that
treated ground water moving downgradient from the treatment zone immediately began to shrink
the plume (Fig. 3).

Concentrations of sulfate and chlorinated ethenes at well KBA-13A, which is
approximately 25 meters downgradient of the first line of monitoring wells, shows a pattern
consistent with the transport of Fenton’s Reagent-treated water progressively moving through the
flow system over time. For about one year, sulfate concentrations remained at background levels
(~ 1 mg/L), and while concentrations of VC apparently decreased, they remained in the 20-60
pg/L range. In early 2000, sulfate concentrations began to rise rapidly, indicating the arrival of
Fenton’s Reagent-treated ground water. When sulfate concentrations peaked in mid-2001,
concentrations of VC had decreased below detectable levels (Fig. 5A). Concentration trends of
TCE and cis-DCE show a more complex pattern (Fig. 5B). When sulfate-bearing water arrived
at KBA-13A, concentrations of TCE appeared to increase over pre-injection levels. It wasn’t
until late in 2001 when concentrations of TCE began to decrease significantly. The pattern
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exhibited by cis-DCE is similar to that of VC, showing continual concentration decreases after
the arrival of sulfate.

The second line of monitoring wells, located immediately downgradient of KBA-13A,
also shows a time-dependent pattern of sulfate and chlorinated ethene concentration changes. At
well USGS-5, concentrations of sulfate began increasing in early 2002 (Fig. 6), peaked in late
2003, and have trended downward since that time. Concentrations of TCE were never
measurable in water produced from USGS-5 due to the relatively efficient reductive
dechlorination characteristic of this site (Chapelle and Bradley, 1998). However, concentrations
of cis-DCE, which declined in the same manner as VC concentrations prior to arrival of treated
water, actually began to increase when treated water first reached well USGS-5 (Fig. 6). The
concentrations of ¢is-DCE in USGS-5 have subsequently declined.

Sulfate concentrations have not increased at well USGS-4 (Fig. 6) indicating that the
Fenton’s-treated ground water is presently passing to the south of that well. In the absence of the
arrival of Fenton’s-treated ground water, concentrations of cis-DCE began increasing in the year
2000, peaked in late 2005, and have subsequently decreased. This indicates that the Fenton’s
injection may have pushed untreated chlorinated ethene-contaminated water slightly to the north
near the zone of injection, and that this untreated high cis-DCE water moved through well
USGS-4 in a pulse (Fig. 6). If that interpretation is correct, then a trend of decreasing cis-DCE
concentrations should be observed as the untreated water moves through well USGS-4 over time.
Consistent with this interpretation, concentrations of cis-DCE have been decreasing since 2004.
Concentration trends at well USGS-4 will be closely monitored over the next year, and duplicate
samples will be taken at each sampling event to document this continuing downward trend in cis-
DCE concentrations.
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Concentration changes of chlorinated ethenes in the third line of monitoring wells are
shown in Figure 7, and show a slightly different pattern. Well USGS-9 shows a trend of steadily
decreasing VC and cis-DCE concentrations, a trend observed in six of the seven downgradient
monitoring wells. By September of 2009, concentrations of VC have decreased below the
detection level at wells USGS-9, USGS-13, and USGS-14. In addition, concentrations of cis-
DCE have also decreased over time. The sole exception is well USGS-11 (Fig. 7), where
concentrations of VC and cis-DCE increased sharply in late 2000. These trends probably reflect
the cessation of the pump-and-treat system in mid 1998. Because an extraction well was located
near well USGS-9, it is likely that the plume was pulled toward well USGS-9 and away from
well USGS-11. When pumping ceased, the plume shifted to the south towards well USGS-11
and away from well USGS-9. Since 2000, however, there has been a consistent downward trend
in chlorinated ethene concentrations in USGS-11 (Fig. 7).

Monitoring data collected in 2009 confirm that the plume of Fenton’s reagent-treated
water has reached the third line of monitoring wells. Concentrations of sulfate began to rise
above background levels (5-10 mg/L) in 2004. By late 2006, sulfate concentrations had risen to
approximately 40 mg/L, a trend confirmed by the 2009 monitoring data (Fig. 8). Concomitant
with the initial increase in sulfate concentrations (2004), concentrations of both VC and cis-DCE
decreased steeply. However, while concentrations of cis-DCE have continued to trend
downward, more variability in VC concentrations over time has been observed (Fig. 8).
Monitoring data collected in 2009 show a consistent trend of declining VC concentrations at well
USGS-8 (Fig. 8), and VC concentrations are nearing the MCL (2 pg/L).

Redox Processes
Ground-water chemistry data suggest that the injection of Fenton’s Reagent has modified
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ambient redox processes at the site. Prior to Fenton’s Reagent treatment, the source area was
predominantly sulfate-reducing as indicated by the depletion of dissolved sulfate and hydrogen
concentrations in the 2-4 nM range characteristic of sulfate reduction. Downgradient of the
sulfate-reducing source area, the system was predominantly Fe(III) reducing (Chapelle and
Bradley, 1998). Following Fenton’s treatment, concentrations of dissolved oxygen at well KBA-
11-34 increased from below detectable levels (0.05 mg/L) to above 7 mg/L. Within three
months, however, ground water at KBA-11-34 was once again anoxic. However, hydrogen
concentrations have remained in the 0.2-0.8 nM range characteristic of Fe(IIl) reduction. As
Fenton’s-treated water has moved downgradient through the location of KBA-13A,
concentrations of dissolved oxygen remained below detection levels (Fig. 9A), concentrations of
ferrous iron and sulfate increased rapidly (Fig. 9B), and concentrations of dissolved sulfide and
methane have decreased (Fig. 9C). Prior to the arrival of Fenton’s treated water, hydrogen
concentrations at KBA-11-13A varied seasonally between levels characteristic of sulfate
reduction (1-4 nM) and levels characteristic of Fe(III) reduction (0.2-0.8 nM). Since the
Fenton’s-treated water has arrived at KBA-11-13A, however, hydrogen concentrations have
remained in the range characteristic of Fe(Ill) reduction. These data imply that the delivery of
ferric iron to the aquifer via Fenton’s Reagent has shifted the predominant microbial metabolism
toward Fe(III) reduction.

The effects of vegetable oil on the water chemistry of well KBA-11-34, which is the
closest monitoring well to the zone of vegetable oil injection, also have become evident. Prior to
May of 2003, concentrations of methane at KBA-11-34 were less than 1.0 mg/L. Beginning in
September of 2003, however, concentrations of methane have increased. In 2009, methane
concentrations varied between 5 and 13 mg/L (Tables 1-4). This indicates microbial utilization
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of the vegetable oil and the establishment of highly reducing methanogenic conditions. These
conditions, in turn, favor the biodegradation of residual contaminants left in the source areas.
Bromide was also added to the vegetable oil to act as a tracer and low levels of bromide are now
detected throughout the plume (Table 1-4).
Analysis of Sampling Frequency

The efficiency of monitored natural attenuation has been assessed based on quarterly
sampling at the Kings Bay site for ten years. The results of this assessment have shown:
1. The anoxic conditions needed to facilitate the natural attenuation of chlorinated ethenes have
been maintained over time (Fig. 9). Because hydrogen peroxide, a strong oxidizing agent, was
part of the Fenton’s reagent treatment, there was concern in 1999 that the anoxic conditions
might change to oxic conditions and that this might inactivate natural attenuation. In fact, the
Fenton’s treatment did produce transient oxic conditions in the source area. However, these oxic
conditions disappeared by six months after injection. Furthermore, oxic conditions were not
observed immediately downgradient of the injection area (Fig. 9).
2. Once the source area was treated and the mass of chlorinated ethenes being dissolved into the
plume were lowered, the contaminant plume began to shrink immediately (Figs. 2 and 3). This
was due to the relatively efficient natural attenuation mechanisms, largely biodegradation,
operative at this site. These contaminant-lowering biodegradation processes were occurring
before Fenton’s treatment, but the biodegradation losses were balanced by continuing dissolution
of chlorinated ethenes from the source areas. Once the source area was treated, biodegradation
outpaced contaminant replenishment, and the plume began to shrink. Without biodegradation of
the chlorinated ethenes, dilution and dispersion would have eventually dissipated the plume, but
this would have likely proceeded over a time frame exceeding one hundred years (Chapelle et
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al., 2007).

3. Concentrations of chlorinated ethenes, particularly concentrations of carcinogenic vinyl
chloride in the wells adjacent to the neighborhood, have decreased substantially since Fenton’s
treatment (Fig. 7). Presently, three of the eight monitoring wells near the neighborhood exhibit
vinyl chloride concentrations below the 2 ng/LL MCL. The highest vinyl chloride concentration
observed adjacent to the neighborhood in September of 2009 was 19 pg/L. In 1998, vinyl
chloride concentrations in this well (well USGS-10) was 683 ng/L.

Given the demonstrated success of combining Fenton’s reagent to treat the source area,
and natural attenuation to treat the plume over the last ten years, it is reasonable to consider
whether continued quarterly monitoring of the USGS natural attenuation monitoring wells is still
warranted. One way to approach this issue is to analyze the ten years of monitoring data that has
been collected assuming quarterly sampling, biannual sampling, or annual sampling, and then
consider how much resolution of water-quality trends is lost for each sampling strategy. For
example, some of the most dramatic changes in chlorinated ethenes have been documented at
downgradient well USGS-11 (Figure 7). The quarterly sample regime clearly shows
considerable variability between sampling events, variability that can be attributed to actual
system changes as well as sampling and analytical error. The large rise in cis-DCE
concentrations between 2000 and 2001, for example, clearly reflects changes in the system
(cessation of pump-and-treat and consequent shift of the plume), changes that would have been
less apparent with biannual or annual sampling. Similarly, the significant changes in cis-DCE
concentrations at well USGS-4 over time (Figure 6), would have been less apparent.

On the other hand, if trends in concentration changes are the primary focus of interest,
then a simple statistical approach suggests that quarterly sampling may no longer be necessary at
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this site. This statistical approach is shown in Figure 10. The downward trend in DCE
concentrations at well USGS-11 began in 2002. Figure 10 shows how these falling
concentrations would appear assuming quarterly, biannual, and annual sampling. To make this
approach more quantitative, the data were fitted by non-linear regression analysis to an
exponential decay equation:

f=aexp(—bsx)
where the constant a is the best-fit initial DCE concentration and b is the slope of the best-fit
concentration decay curve. Using all of the quarterly data in the regression, the best fit
parameters are a = 133, b =0.2001, the correlation is significant (1*=0.85), and the slope of the
curve is less than zero (p<0.0001) (Fig. 10). If this site had been sampled biannually (Fig. 10),
then the a and b parameters increase to 146 and 0.23 respectively. In other words, the slope of
the DCE decrease curve assuming biannual sampling would have differed from the quarterly
sampling by about 15%. Thus, while the precision of the overall trend differs from quarterly
sampling, the same trend is still resolved. If this site had been sampled annually, further
degradation in the resolution of the concentration decline becomes apparent, with the slope of the
best-fit curve differing from the quarterly sampling curve by 25%.

The ten years of data have established that redox conditions at the site have stabilized
following Fenton’s reagent treatment and that conditions still favor the efficient biodegradation
of chlorinated ethenes (Fig. 9). This being the case, the primary question to be addressed by site
monitoring is to document contaminant concentration trends over time while continuing to
monitor ambient redox conditions. The analysis of trends at well USGS-11 suggests that
biannual sampling can capture these trends within a 15% departure in sensitivity from that

offered by quarterly sampling (Fig. 10). The more substantial loss of sensitivity offered by

16



annual sampling (25%), on the other hand, could be problematic.
CONCLUSIONS

Ground-water monitoring data collected over a ten-year period at the Kings Bay site
indicate that source-area treatment by Fenton’s Reagent has led to a significant contraction of the
chlorinated ethene plume. There is considerable variability in the pattern of concentration
decreases, however, that reflect a variety of hydrologic and microbiologic factors. In the
upgradient part of the plume, much of the observed concentration decline can be attributed
directly to contaminant destruction by Fenton’s Reagent (Well KBA-11-34). Furthermore, the
movement of high-sulfate Fenton’s-treated water downgradient also leads to declines in
chlorinated ethene concentrations (wells KBA-11-13A and USGS-5). However, movement of
low-sulfate, chlorinated ethene-contaminated ground water, possibly in response to Fenton’s
reagent injection, apparently lead to a transient increase chlorinated ethene concentrations in one
location (well USGS-4). However, contaminant concentrations at USGS-4 have been steadily
declining since 2006 (Fig. 7). Fenton’s treated high-sulfate water has arrived at the third line of
monitoring wells (Fig. 8). After an initial spike in concentrations following arrival of the
Fenton’s Reagent-treated water, cis-DCE concentrations have declined to the 2-3 pg/L range at
well USGS-8 (Fig. 8). The pattern of VC concentration changes have been more variable and
show alternating patterns of increases and decreases. However, in 2008, a consistent trend of
decreasing VC concentrations was observed at well USGS-8. An analysis of contaminant
concentration treads at downgradient well USGS-11 suggests that changing the frequency of

sampling for the natural attenuation monitoring from quarterly to biannually is feasible.
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Table 5.—Chlorinated ethenes at Kings Bay, 2/19/09.

well number PCE TCE cis-DCE | VC
KBA-11-34 3.1 <l 30 <2
USGS-1 2.9 1.6 1.2 3.9
USGS-2 8.7 6.3 7.2 <2
USGS-3 <1 3.3 7.7 2.9
USGS-15 1.5 <l <1 <2
KBA-11-13A <1 5.1 43 <2
USGS-4 <1 32 110 44
USGS-4R <1 3.2 110 46
USGS-5 <1 <1 5.8 <2
USGS-6 <1 1.3 3.9 <2
USGS-7 <1 <1 2.7 <2
USGS-8 <1 <l 3.3 11
USGS-8R <1 <1 33 10
USGS-9 <1 <1 <1 <2
USGS-10 <1 <1 68 27
USGS-11 <1 <1 44 13
USGS-12 <1 <l 30 8.2
USGS-13 <1 <1 22 <2
USGS-14 <1 <1 1.3 <2
KBA-11-37 <1 <l 3.2 <2
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Table 6.—Chlorinated ethenes at Kings Bay, 6/01/09.

well number PCE TCE cis-DCE | VC
KBA-11-34 3.6 <1 120 <2
USGS-1 <1 2.6 7.8 2.2
USGS-2 7.8 5.4 9.7 <2
USGS-3 2.4 1.4 1.7 <2
USGS-15 1.4 <1 <1 <2
KBA-11-13A 20 11 20 <2
USGS-4 <1 2.9 110 42
USGS-4R <1 2.9 110 42
USGS-5 <1 <1 5.6 3.7
USGS-6 <1 <1 2.9 <2
USGS-7 <1 1.3 3.0 <2
USGS-8 <1 <1 3.0 10
USGS-8R <1 <1 3.1 10
USGS-9 <1 <1 <1 <2
USGS-10 <1 <1 44 17
USGS-11 <1 <1 50 7.4
USGS-12 <1 <1 18 3.0
USGS-13 <1 <1 2.0 <2
USGS-14 <1 <1 2.0 <2
KBA-11-37 <1 <1 3.0 <2
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Table 7.—Chlorinated ethenes at Kings Bay, 7/21/09.

well no PCE TCE cis-DCE | VC
KBA-11-34 2.9 <1 66 <2
KBA-11-34R 12 <1 120 <2
<1USGS-1 <1 2.2 8.4 2.7
USGS-2 6.8 4.9 12 <2
USGS-3 2.2 1.3 2.0 <2
USGS-15 1.2 <1 <1 <2
KBA-11-13A 3.4 6.3 9.4 <2
USGS-4R <1 2.9 120 42
USGS-5 <1 <1 6.2 <2
USGS-6 <1 <1 3.8 <2
USGS-7 <1 <1 3.0 <2
USGS-8 <1 <1 25 5.6
USGS-8R <1 <1 2.3 5.3
USGS-9 <1 <1 <1 1.0
USGS-10 <1 <1 32 10
USGS-11 <1 <1 41 5.3
USGS-12 <1 <1 18 <2
USGS-13 <1 <1 1.2 <2
USGS-14 <1 <1 <1 <2
KBA-11-37 <1 <1 2.4 <2
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Table 8.—Chlorinated ethenes at Kings Bay 9/15/09.

well no PCE TCE cis-DCE | VC
KBA-11-34 13 <1 200 <2
USGS-1 <1 2.5 7.8 34
USGS-2 11 3.0 7.1 <2
USGS-3 10 1.5 1.6 <2
USGS-15 9.4 <1 <1 <2
KBA-11-13A <1 5.4 4.4 <2
USGS-4 <1 3.5 86 41
USGS-4R <1 4.2 100 47
USGS-5 <1 1.2 54 <2
USGS-6 <1 1.3 4.2 <2
USGS-7 <1 <1 3.1 <2
USGS-8 <1 <1 3.1 7.9
USGS-8R <1 <1 2.2 5.8
USGS-9 <1 <1 <1 <2
USGS-10 <1 <1 39 19
USGS-11 <1 <1 30 9.0
USGS-12 <1 <1 15 2.8
USGS-13 <1 <1 1.2 <2
USGS-14 <1 <1 1.2 <2
KBA-11-37 <1 <1 2.7 <1
27
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Figure 10.--Comparison of DCE concentration trends at well
USGS-11 assuming the well was sampled quarterly, bianually,
or annually for eight years.
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