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Final 2006 Annual Report
Site 22 Landfill
Former Naval Air Station Moffett Field

EXECUTIVE SUMMARY

The Navy is performing environmental restoration activities at the former Naval Air Station
Moffett Field (Moffett), located near Mountain View, California. This document summarizes the
2006 monitoring and maintenance activities performed at the Site 22 Landfill. The content of this
report meets the requirements of the Final Record of Decision, Site 22 Landfill, Moffett Federal
Airfield, Moffett Field, California (ROD) (Department of the Navy [Navy], 2002), and the
California Code of Regulations, Title 27 (27 CCR), Subchapter 3.

The Site 22 Landfill (Site 22) is located at the northeast corner of Moffett. It occupies
approximately 9.4 acres and contains an estimated total refuse (waste) volume of 92,000 cubic
yards (Foster Wheeler Environmental Corporation [FWENC], 2003).The site was used as an
active landfill from 1950 through 1967. The refuse consists primarily of domestic waste, as
confirmed through exploratory trenching. The ROD specified that a biotic barrier, comprised of
layers of soil, gravel, concrete slurry, and cobblestone, be placed over the landfill to prevent
animals from burrowing into the refuse (Navy, 2002). This was accomplished in Spring 2003
and included the installation of landfill gas monitoring wells and additional groundwater
monitoring wells in Fall 2003. The Site 22 Landfill underlies the fairways and putting greens of
holes 6 and 7 of a golf course that is operated by the National Aeronautics and Space
Administration (NASA) Ames Research Center at Moffett.

Quarterly groundwater samples were collected from ten monitoring wells in 2006. Depth to
groundwater measurements, groundwater sampling, and methane monitoring were documented
at the Site 22 Landfill in January, April, July, and October 2006, according to the Appendix F
Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC, 2003).

Depth to groundwater measurements were collected from ten monitoring wells on each of the
following dates: January 17, April 24, July 10, and October 17, 2006. The groundwater
elevations determined during the January 17 and April 24 monitoring events were similar to
those determined during previous monitoring events. However, groundwater elevations
determined for the July 10 and October 17 monitoring events were significantly lower than
previous monitoring events. Well water reached historically low levels during the October
monitoring event. The groundwater elevations determined during the October 17 monitoring
event were similar to those determined for the site-wide Black Thursday November 16
monitoring event. The Black Thursday event involved gauging of all monitoring wells on Moffett
and on the Middlefield-Ellis-Whisman (MEW) Superfund Site. Water level data were submitted
to the U.S. Environmental Protection Agency (EPA) following each event.

All monitoring wells had seasonal high water levels in January 2006 and seasonal low water
levels in October 2006. The seasonal water level fluctuation ranged from 3.76 feet to 6.56 feet.
Groundwater flow direction varied seasonally. During the first half of 2006 flow direction was
east and west away from a broad high water divide (mound) oriented north-south. In the
absence of the high water divide and much lower groundwater levels, groundwater flow was
south to north during the third quarter of 2006. Flow direction in the final quarter of 2006 is
north-northwest. Groundwater gradient varied seasonally from 0.0006 feet/foot (ft/ft) in January
2006 to 0.004 ft/ft in October 2006.

Eleven water samples, including one duplicate, were collected from ten monitoring wells at the
Site 22 Landfill during each quarterly sampling event in 2006. Trichloroethene (TCE) was
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detected in samples collected from well WGC2-8 for four consecutive quarters. TCE was
detected in three of the four samples collected from well WGC2-9. Cis-1,2-dichloroethene was
detected in three of the four samples collected from well WGC2-8. Cis-1,2-dichloroethene was
detected in one of the four samples collected from well WGC2-9. Chloroform was detected in
three of the four samples collected from well WGC2-9. In January 2006, the sample collected
from well WGC2-9 had chloroform above the calculated concentration limit (CCL) of 3.5
micrograms per liter (ug/L). Chloroform was reported above the CCL of 3.5 ug/L in the sample
collected from well WGC2-8 in October 2006. Monitoring for concentrations of chloroform will
continue in order to further evaluate trends. No other volatile organic compounds (VOCs) were
detected during the 2006 sampling events. A concentration of diethyl phthalate was detected in
the sample collected from well WGC2-11 during the July 2006 sampling event. A concentration
of fluorene was detected in the sample collected from well WGC2-4 during the October 2006
sampling event. No other semivolatile organic compounds (SVOCs) were detected during the
2006 sampling events. No pesticides were detected during any of the 2006 sampling events.

As part of landfill monitoring activities, methane monitoring was performed at 15 tree wells and 4
landfill gas monitoring wells. The 15 tree wells are within the landfill. Four landfill gas monitoring
wells are located on the perimeter of the landfill. Methane monitoring was also performed at 13
surface locations along the perimeter of the site at approximately 150-foot intervals.

Methane concentrations were measured as percent by volume. Methane was measured at a
concentration of 10.6 percent by volume at landfill gas monitoring well LGMW-3 in April 2006.
Methane was measured at a concentration of 5.5 percent by volume at well LGMW-3 in October
2006. Since the methane concentrations in well LGMW-3 were above the 27 CCR concentration
limit of 5 percent by volume, methane gas monitoring will be continued at well LGMW-3 to
observe trends. Methane was not measured above the 27 CCR concentration limit of 5 percent
by volume at any of the other landfill gas monitoring wells, tree wells, and surface locations. All
other readings were zero percent by volume at these locations.

In 2006, maintenance activities were performed at the Site 22 Landfill according to Appendix F
Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC, 2003). These
activities included inspection and repair, as required, of the landfill cover, landfill gas monitoring
wells, tree wells, groundwater monitoring wells, and stormwater runoff controls and survey of
locations and elevations of four settlement markers located at Site 22. A representative of the
Santa Clara County Department of Environmental Health (DEH) inspected the Site 22 Landfill
on quarterly intervals in 2006. No corrective actions or deficiencies were documented during the
DEH inspections.
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1.0 INTRODUCTION

The Navy is performing environmental restoration activities at the former Naval Air Station
Moffett Field (Moffett), located near Mountain View, California. This document summarizes the
2006 annual monitoring and maintenance activities performed at the Site 22 Landfill (Site 22).
The content of this report meets the requirements of the Final Record of Decision, Site 22
Landfill, Moffett Federal Airfield, Moffett Field, California (ROD) (Department of the Navy [Navy]
2002) and the California Code of Regulations, Title 27 (27 CCR), Subchapter 3. This report was
prepared on behalf of the Base Realignment and Closure Program Management Office West.
This work was performed under Contract Task Order Number 0004 issued under Remedial
Action Contract No. N68711-01-D-6005.

The purpose of this report is to document the results of groundwater and methane monitoring in
2006 performed in compliance with the detection monitoring program at the Site 22 Landfill. It
also includes a description of inspection and maintenance activities, including settlement marker
measurements performed at the Site 22 Landfill during 2006.

1.1 SITE LOCATION AND HISTORY

Moffett is located near the southern edge of the San Francisco Bay in Santa Clara County,
California (Figure 1-1, Regional Location Map). Moffett is bounded by saltwater evaporation
ponds to the north, Stevens Creek to the west, United States Highway 101 to the south, and
Lockheed Martin to the east. The Site 22 Landfill is located in the northeast corner of Moffett
(Figure 1-2, Site Location Map).

The Site 22 Landfill occupies approximately 9.4 acres and contains an estimated total refuse
(waste) volume of 92,000 cubic yards (Foster Wheeler Environmental Corporation [FWENC],
2003).. The site was used as an active landfill from 1950 through 1967. The refuse consists
primarily of domestic waste as confirmed through past exploratory trenching. The ROD specified
that a biotic barrier, comprised of layers of soil, gravel, concrete slurry, and cobblestone, be
placed over the landfill to prevent animals from burrowing into the refuse (Navy, 2002). This was
accomplished in Spring 2003, with the installation of landfill gas monitoring wells and additional
groundwater monitoring wells in Fall 2003. The Site 22 Landfill underlies the fairways and
putting greens of holes 6 and 7 of a golf course that is operated by the National Aeronautics and
Space Administration (NASA) Ames Research Center at Moffett (Appendix F Final Post-
Construction Operations, Maintenance, and Monitoring Plan [FWENC, 2003]).

1.2 2006 MONITORING AND MAINTENANCE ACTIVITIES

Depth to groundwater measurements, groundwater sampling, and methane monitoring were
performed at the Site 22 Landfill in January, April, July, and October 2006 according to
Appendix F Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC,
2003). It was established during a January 12, 2006, meeting that the calculated concentration
limits (CCLs) for Site 22 chemicals of concern (COCs) would be used at an attenuation travel
distance of 50 feet. This meeting was attended by the U.S. Navy, U.S. Environmental Protection
Agency (EPA), and California Regional Water Quality Control Board, San Francisco Bay
Region. Groundwater samples were collected from ten monitoring wells. Table 1-1, Well
Construction Information, provides selected well construction information for all Site 22
monitoring wells.
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Maintenance activities were performed at the Site 22 Landfill during 2006 in accordance with
Appendix F Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC,
2003). These activities included inspection and repair, as necessary, of the landfill cap, landfill
gas monitoring wells, groundwater monitoring wells, and stormwater runoff control measures.
Site 22 Landfill general inspections were performed by T N & Associates, Inc. in February, April,
July, and October 2006. Inspection checklists and maintenance activities are provided in
Appendix A of this report. Representatives from the Santa Clara County Department of
Environmental Health (DEH) also inspected the Site 22 Landfill in February, May, August, and
November 2006. The DEH 2006 inspection reports also are provided in Appendix A. The landfill
cover is intact and functional.

1.3 BASIS OF DATA EVALUATION

Remedial activities at Moffett are performed as part of the Installation Restoration Program
(IRP) established by the Department of Defense (DOD) to identify, evaluate, and control the
spread of contaminants from historical hazardous waste sites. The content of this report meets
the requirements established by the ROD (Navy, 2002) and 27 CCR, Subchapter 3.

The ROD summarizes site characteristics and risks; describes and evaluates the remedial
alternatives; identifies the selected remedy; and identifies statutory determinations (including
compliance with applicable or relevant and appropriate requirements). The major elements of
the selected remedy for the Site 22 Landfill are maintain the integrity of the landfill cover
surface; prevent the disturbance or excavation of waste materials; perform groundwater and
methane monitoring; and perform post-closure maintenance.

Construction of the landfill cover was completed in Summer 2003. In Fall 2003, monitoring wells
were installed and methane and groundwater monitoring began.

14 REPORT ORGANIZATION

This report is divided into the following sections:

e Section 1.0 provides the site location and history; monitoring and maintenance
activities; the basis of the data evaluation; and the report organization.

e Section 2.0 provides Site 22 groundwater gradient, flow direction, and water level
trends.

e Section 3.0 summarizes Site 22 groundwater analytical data from quarterly monitoring
activities in 2006.

e Section 4.0 summarizes Site 22 methane monitoring data collected from the land fill gas
monitoring wells, perimeter monitoring points, and tree well monitoring points; as well as
data from settlement monitoring of the landfill.

e Section 5.0 describes the exceedance procedures and evaluation for groundwater and
methane.

e Section 6.0 provides the Site 22 landfill settlement monitoring data.

e Section 7.0 provides the conclusions of the 2006 annual groundwater monitoring
program.
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e Section 8.0 provides the references for this report.

o Appendix A provides the 2006 general site inspection reports and the 2006 Santa Clara
County landfill inspection reports.

e Appendix B provides the groundwater gradient calculation sheets and the hydrographs
of groundwater elevations in the Site 22 groundwater monitoring wells.

o Appendix C provides the field sampling data sheets.
o Appendix D provides the summary tables of analytical data.

e Appendix E provides validated analytical results for groundwater samples collected at
Site 22.

o Appendix F provides Landfill Settlement Markers survey reports.
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2.0 GROUNDWATER HYRAULICS

This section describes the Site 22 hydrogeology; groundwater gradient and flow direction; and
water level trends.

The stratigraphy beneath the Site 22 Landfill is a complex interfingering of fine- and coarse-
grained deposits (Appendix F Final Post-Construction Operations, Maintenance, and Monitoring
Plan [FWENC, 2003]). Alluvial plain coarse channel deposits are surrounded both laterally and
vertically by fine-grained, low-energy depositional interchannel deposits. At the Site 22 Landfill,
the vadose zone (between the saturated zone and the land surface) consists primarily of either
landfill material or clay and clayey silt. A lateral discontinuous permeable zone has been
encountered between 9 and 16.5 feet below mean sea level (msl) within the upper portion of the
A aquifer. This permeable zone varies in thickness from 1 to 7.5 feet. The maximum thickness
of landfilled material is about 17.5 feet. The maximum depth of landfill material is about 10 feet
below ground surfaced (bgs) (Navy, 2002). The water table at Site 22 is encountered at less
than 1 foot to 5 feet bgs. Therefore, landfilled material is present below the local water table.

Groundwater in the area of the Site 22 Landfill is recharged by infiltration from precipitation
(approximately 14 inches annually), golf course irrigation (approximately 17 inches annually),
the Northern Channel, and the historic saltwater evaporation ponds now owned by the United
States Fish and Wildlife Service (FWENC, 2003). A subsurface drainage system was installed
above the biotic barrier to direct water that infiltrates the upper layers toward the outfalls near
the northwest corner, the northeast corner, and into the water hazards on the south side of the
golf course. Engineered topography directs runoff water in the same direction and toward the
east.

Additional information about the groundwater hydraulics at the Site 22 Landfill is present in
Appendix F Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC,
2003).

2.1 GROUNDWATER GRADIENT AND FLOW DIRECTION

Field activities, performed at the Site 22 Landfill in 2006, included four water level gauging
events. This section describes the documentation of 2006 water level measurements and
summarizes groundwater flow direction at the Site 22 Landfill. Table 2-1, 2006 Groundwater
Elevations, provides the results of quarterly water level gauging and Figure 2-1, Locations for
Site 22 Water Level Measurements, shows the locations of the Site 22 Landfill monitoring wells
used for water level measurements.

Measurements of depth to groundwater were made using an electronic measuring tape with
markings every hundredth of a foot. For each gauging event, all water levels were measured on
the same day. Measurements were subtracted from surveyed measuring point elevations to
calculate the groundwater level elevations.

Depth-to-groundwater measurements were made at ten monitoring wells on each of the
following dates: January 17, April 24, July 10, and October 17, 2006. Wells WGC2-8 through
WGC2-11 are used as point of compliance wells; wells WGC2-4 and WGC2-13 are upgradient
wells; wells WGC2-6 and WGC2-12 are reference wells; and wells WGC2-1 and WGC2-5 are
cross-gradient wells.
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Groundwater elevations for all Site 22 groundwater measurements were at or below sea level
for 2006. The potentiometric surfaces of the upper portion of the A aquifer are shown on Figures
2-2 through 2-5. Groundwater elevations decreased from January to October 2006.

Groundwater flow direction varied seasonally. During the first half of 2006 flow direction was
east and west away from a broad high water divide (mound) oriented north-south (Figure 2-2,
Potentiometric Surface, January 2006, and Figure 2-3, Potentiometric Surface, April 2006). In
the absence of the high water divide and much lower groundwater levels, groundwater flow was
south to north during the third quarter of 2006 (Figure 2-4, Potentiometric Surface, July 2006).
Flow direction in the final quarter of 2006 is north-northwest (Figure 2-5, Potentiometric Surface,
October 2006).

Hydraulic gradient is calculated as hL/L, where hL is the head loss between two wells and L is
the horizontal distance between them (Basic Groundwater Hydrology, U.S. Geological Survey
Water-Supply Paper 2220 [Heath, 1983]).

Determined gradients are summarized below (Appendix B).

e January 2006: 0.0006 feet/foot (ft/ft) as determined using upgradient well WGC2-13 and
downgradient well WGC2-20.

o April 2006: 0.0007 ft/ft as determined using upgradient well WGC2-13 and downgradient
well WGC2-10.

o July 2006: 0.002 ft/ft as determined using upgradient well WGC2-1 and downgradient
well WGC2-5.

o November 2006: 0.004 ft/ft as determined using upgradient well WGC2-1 and
downgradient well WGC2-5.

2.2 WATER LEVEL TRENDS

Appendix B provides groundwater hydrographs that show historical groundwater elevations for
the ten monitoring wells at the Site 22 Landfill. All monitoring well graphs show a seasonal water
level variation, with a high-water level elevation near the end of the winter precipitation season
(January) and a low-water level elevation in the dry fall season (October). Seasonal water level
fluctuations range from 3.76 feet in well WGC2-11 to 6.56 feet in well WGC2-12.
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3.0 GROUNDWATER SAMPLING

Groundwater sampling at the Site 22 Landfill was performed during 2006 in accordance with
Appendix F Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC,
2003). Locations for the Site 22 Landfill groundwater monitoring wells are shown on Figure 2-1.
Field sampling data sheets for the 2006 groundwater sampling events are included in
Appendix C.

3.1 ANALYTICAL RESULTS

Tables D-1 through D-4 in Appendix D of this report provide the analytical summary for samples
collected in 2006. Appendix E of this document presents the validated laboratory analytical data
(provided on CD-ROM only). All water sample data were validated by an independent data
validation company. Data were validated at 80 percent EPA Level lll equivalent and 20 percent
EPA Level IV equivalent. The validation was performed according to the USEPA Contract
Laboratory Program National Functional Guidelines for Organic Data Review, EPA 540/R-99-
008 (EPA, 1999), the USEPA Contract Laboratory Program National Functional Guidelines for
Inorganic Data Review; EPA 540/R-94-013 (EPA, 1994), and the Environmental Work
Instruction (EWI) #1, 3EN2.1,and Chemical Data Validation (Naval Facilities Engineering
Command Southwest, 2001). Analytical testing for 2006 was performed according to the
Appendix F Final Post-Construction Operations, Maintenance, and Monitoring Plan (FWENC,
2003), as described in the following section.

3.1.1  Analytical Testing

Eleven samples, including one duplicate sample, were collected from ten groundwater
monitoring wells at the Site 22 Landfill for each of the quarterly sampling events. Table 3-1 ,
2006 Site 22 Landfill Constituents Analyzed in Groundwater and Calculated Concentration
Limits, provides a list of the analytical parameters and their respective CCLs. Table 3-2, 2006
Site 22 Landfill Constituents Detected in Groundwater, summarizes parameters positively
detected in groundwater samples.

3.2 GROUNDWATER QUALITY EVALUATION

Laboratory results from the 2006 groundwater sampling events are tabulated in Appendix D of
this document and summarized below.

3.2.1 January 2006 Sampling Event

In groundwater samples collected from wells WGC2-8 and WGC2-9 during the January 2006
sampling event, two volatile organic compounds (VOCs) were detected at concentrations above
their respective project reporting limit (Table 3-2). Neither pesticides nor semivolatile organic
compounds (SVOCs) were detected above project reporting limits in any samples collected
during the January 2006 sampling event.

VOCs detected in the samples collected in January 2006 are summarized below.

e Chloroform was detected at a concentration of 4.8 micrograms per liter (ug/L) in the
sample collected from well WGC2-9.
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e Trichloroethene (TCE) was reported at an estimated concentration of 0.59 ug/L in a
sample collected from well WGC2-9.

e TCE was reported at a concentration of 1.8 pg/L and 1.9 pg/L in the regular and
duplicate samples, respectively, collected from well WGC2-8.

e Only chloroform exceeded its CCL of 3.5 ug/L in a sample collected from well WGC2-9
during the January 2006 sampling event.

3.2.2 April 2006 Sampling Event

In groundwater samples collected from well WGC2-8 during the April 2006 sampling event, two
VOCs were detected above their respective project reporting limit (Table 3-2). Neither pesticides
nor SVOCs were detected above project reporting limits in any samples collected during the
April 2006 sampling event.

VOCs detected in the samples collected in April 2006 are summarized below.

e Cis-1,2 dichloroethene was reported at an estimated concentration of 0.24 ug/L in the
sample collected from well WGC2-8.

e TCE was reported at an estimated concentration of 1.4 ug/L in the sample collected from
well WGC2-8.

3.2.3 July 2006 Sampling Event

In groundwater samples collected from wells WGC2-8 and WGC2-9 during the July 2006
sampling event, three VOCs were detected above their respective project reporting limits (Table
3-2). One SVOC was detected in the sample collected from well WGC2-11 during this sampling
event. No other SVOCs or pesticides were detected above project reporting limits in any
samples collected during the July 2006 sampling event.

SVOCs and VOCs detected in the samples collected in July 2006 are summarized below.

e Chloroform was reported at an estimated concentration of 0.76 ug/L in the sample
collected from well WGC2-9.

o Cis-1,2-dichloroethene (Cis-1,2-DCE) was reported at an estimated concentration of
0.34 ug/L in the sample collected from well WGC2-9.

o Cis-1,2-DCE was reported at an estimated concentration of 0.31 ug/L in the sample
collected from well WGC2-8.

e TCE was reported at a concentration of 2.2 ug/L in the sample collected from well
WGC2-8.

e TCE was reported at a concentration of 1.1 ug/L in the sample collected from well
WGC2-9.

¢ Diethyl Phthalate was detected at an estimated concentration of 5.2 ug/L in sample
collected from well WGC2-11.
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3.24 October 2006 Sampling Event

In groundwater samples collected from wells WGC2-8 and WGC2-9 during the October 2006
sampling event, three VOCs were detected above their respective project reporting limits (Table
3-2). No pesticides were detected above project reporting limits in any samples collected during
the October 2006 sampling event. One SVOC was detected above respective project reporting
limits in a sample collected from well

WGC2-4.

SVOCs and VOCs detected in the samples collected in October 2006 are summarized below.

e Chloroform was detected at concentration of 1.2 ug/L in the sample collected from well
WGC2-9.

¢ Chloroform was detected at concentration of 4.7 ug/L in the sample collected from well
WGC2-8.

e Cis-1,2-DCE was detected at an estimated concentration of 0.37 ug/L in the sample
collected from well WGC2-8.

o TCE was detected at concentration of 3.1 ug/L in the sample collected from well WGC2-
8.

e TCE was reported at an estimated concentration of 0.57 ug/L in the sample collected
from well WGC2-9.

o Fluorene was detected at concentration of 38 pg/L in a sample collected from well
WGC2-4.

e Only chloroform exceeded its CCL of 3.5 ug/L in the sample collected from well WGC2-8
during the October 2006 sampling event.

3.3 CONCENTRATION TRENDS

Groundwater monitoring point data graphs have been prepared as required by 27 CCR
20415(e)(14). Figures 3-1 through 3-4 show historical concentrations of reported constituents in
groundwater for wells with more than one detection in 2006. Trends have been determined by
visually evaluating the graphs for concentration trends.

In 2006, cis-1,2-DCE and TCE were reported in samples from well WGC2-8 (Figure 3-1, Cis-
1,2-dichloroethene Concentrations in Groundwater, Well WGC2-8, and Figure 3-2,
Trichloroethene Concentrations in Groundwater, Well WGC2-8). The concentration trends in
2006 for cis-1,2-DCE and TCE in samples from well WGC2-8 are generally the same as trends
reported in previous years. Chloroform was reported in the sample from well WGC2-8 at a
historically high concentration of 4.7 ug/L in October 2006. This is above the CCL of 3.5 ug/L.

Chloroform and TCE were reported in samples collected from well WGC2-9 (Figure 3-3,
Chloroform Concentrations in Groundwater, Well WGC2-9 and Figure 3-4, Trichloroethene
Concentrations in Groundwater, Well WGC2-9). The concentration of chloroform reported in the
sample collected from well WGC2-9 in January 2006 was 4.8 ug/L; which was above the CCL of
3.5 ug/L. The concentration trend in 2006 for TCE in well WGC2-9 shows a slight increase from
previous concentrations, with a historical high concentration of 1.1 pg/L associated with the
sample collected in July 2006.
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Pesticides were not detected above the project reporting limits in groundwater samples tested in
2006.

The SVOC diethyl phthalate was reported at an estimated concentration of 5.2 ug/L in the
groundwater sample collected from well WGC2-11 in July 2006. The SVOC fluorene was
reported at a concentration of 38 ug/L in the groundwater sample collected from well WGC2-4 in
October 2006. Currently, there do not appear to be any trends for these SVOCs because they
were detected in a sample collected during only one quarterly sample in 2006. In addition they
have not been detected historically at the Site 22 Landfill. No other SVOCs were reported above
project reporting limits during the 2006 sampling events.
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4.0 METHANE GAS MONITORING

As part of the quarterly landfill monitoring activities, methane gas monitoring was performed at
15 of the 56 tree wells within the Site 22 Landfill and four landfill gas monitoring wells on the
perimeter of the landfill. Methane gas surface monitoring also was performed at 13 locations on
the perimeter of the site at approximately 150-foot intervals. Methane gas monitoring locations
are shown on Figure 4-1, Methane Gas Monitoring System. Methane field measurements at
these locations were performed using a Landtec GA-90 portable methane meter. The
monitoring program was performed according to the Appendix F Final Post-Construction
Operations, Maintenance, and Monitoring Plan (FWENC, 2003) and the Draft Site 22
Post-Construction Operations, Maintenance, and Monitoring Plan Addendum (Tetra Tech EC,
Inc. [TtECI], 2005).

4.1 LANDFILL GAS MONITORING WELL AND GAS VENT RESULTS

No detectable concentrations of methane gas were measured at any of the tree well monitoring
locations. All readings were zero percent by volume. Methane concentrations of 10.6 and 5.5
percent by volume were measured in landfill gas monitoring well LGMW-3 in April 2006 and
October 2006, respectively. Since the methane concentrations in well LGMW-3 were above the
27 CCR concentration limit of 5 percent by volume, methane gas monitoring will be continued at
well LGMW-3 to observe trends. Methane monitoring data for 2006 are provided in Table 4-1,
2006 Landfill Gas Monitoring Well and Gas Vent Methane Monitoring Results.

4.2 PERIMETER GAS MONITORING RESULTS

Perimeter monitoring points (P-1 through P-13) are located along the perimeter of the site at
approximately 150-foot intervals. Methane was not detected at any of the perimeter monitoring
locations in 2006 (Table 4-1).
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5.0 GROUNDWATER AND METHANE EXCEEDANCE PROCEDURES
AND EVALUATION

According to 27 CCR, Subchapters 3 and 4, the following reporting activities occur when there
are COC exceedances in groundwater and methane gas at Site 22 (TtECI, 2005).

1. Notify regulatory agencies

2. Verify data quality according to the Field Sampling Plan and the Quality Assurance
Project Plan

Enter analytical results into the Navy database

4. Apply statistical method(s) to determine whether the data show(s) significant difference
between upgradient (background) and downgradient populations

5. Describe evaluation methods in reporting document(s)

During the reporting period, there have been exceedances of chloroform in groundwater
samples and methane in landfill gas samples. Documented chloroform exceedances are related
to groundwater samples collected from downgradient wells WGC2-9 and WGC2-8 (Figure 2-1).
Documented methane exceedances are related to landfill gas tested from landfill gas monitoring
well LGMW-3 (Figure 4-1). Relative to these exceedances, Steps 1 through 3 have been
completed. Steps 4 and 5 are addressed below.

Prior to the chloroform exceedance related to the groundwater sample collected on January 18,
2006, from well WGC2-9, the chloroform concentrations were above the 3.5 g/l CCL from
November 10, 2003, through July 28, 2005. The chloroform concentration in the sample
collected from well WGC2-9 in October 2005 was below the 3.5 pg/l CCL. Following the CCL
exceedance reported for January 2006, chloroform concentrations have been below the CCL in
samples collected during the three remaining quarters of 2006 (Table 5-1, Chloroform
Exceedances in Groundwater Samples in 2006, and Table 5-2, Historical Chloroform
Concentrations vs. Calculated Concentration Limit for Downgradient Well WGC2-9, Site 22
Landfill).

Prior to the chloroform exceedance related to the groundwater sample collected on October 17,
2006, from well WGC2-8, the chloroform concentrations were below the 3.5 pg/l CCL and the
analytical detection method limit in all samples collected between November 5, 2003, and July
10, 2006 (Table 5-1 and Table 5-3, Historical Chloroform Concentrations vs. Calculated
Concentration Limit for Downgradient Well WGC2-8, Site 22 Landfill ).

Historical chloroform data for samples collected from Site 22 wells is provided in Table 5-4,
Historical Chloroform Concentrations for Site 22 Groundwater Monitoring Wells. Well locations
are shown in Figure 2-1.

The Site 22 methane monitoring network consists of four landfill gas monitoring wells (LGMW-1,
LGMW-2, LGMW-3, and LGMW-4), 15 tree wells (TW-2, TW-5, TW -9, TW-13, TW-15, TW-19,
TW-21, TW-26, TW-30, TW-38, TW-40, TW-42, TW-49, TW-52, and TW-54), and 13 monitoring
locations around the perimeter of the site (P-1 through P-13) (Figure 4-1). Prior to the methane
exceedances related to the landfill gas samples measured in April 2006 and October 2006, the
methane concentrations were below the 27 CCR concentration limit of 5 percent by volume.
Methane concentrations measured at landfill gas monitoring well LGMW-3 were 5.5 percent per
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volume in April 2006 and 10.6 percent by volume in October 2006. Methane gas sampling
locations are shown in Figure 4-1.

51 STATISTICAL METHODS FOR CHLOROFORM EXCEEDANCES

The ROD specifies that groundwater chemical data will be initially evaluated by comparing
downgradient monitoring point concentrations directly to the CCLs (Navy, 2002) and if one or
more analytes are greater than the respective CCL, a data review of background
concentrations and statistical methods will be applied to evaluate those specific analyte(s)
(TtECI, 2005).

Due to the reported CCL exceedances for chloroform, statistical methods were used to
determine if there was a statistically significant difference between the pooled background
(upgradient and reference wells) population and individual downgradient well. The statistical
analysis compared the pooled population, which includes current and all historical data, with the
sampling results current as of the CCL exceedance. From a statistical perspective, all of the
individual upgradient and reference wells represent conditions outside the influence of the
landfill. Any changes reflected in the upgradient and reference wells are expected to be derived
from outside influences and, thus, could influence conditions in a downgradient well.

Based on current groundwater conditions, a Professional Geologist registered by the State of
California determined that the site exhibited two different seasonal groundwater patterns as
described below.

o Wet Season: Precipitation occurred predominantly in December through March;
groundwater gradient was west and east during the wet season

o Dry Season: Little to no precipitation occurred in April through November; groundwater
gradient was south to north during the dry season

For the purpose of completing the statistical analysis, the seasonally specific spatial relationship
for the subject wells, WGC2-8 and WGC2-9, were established relative to the other groundwater
monitoring wells. To establish the relationships, the relative locations (upgradient, crossgradient,
and downgradient) were identified for the other groundwater monitoring wells at Site 22 (Table
5-5, Spatial Relationships Relative to Wells WGC2-8 and WGC2-9, Site 22 Landfill). The
relationships were determined by a Professional Geologist registered by the State of California.
In order to account for seasonality, all statistical tests were performed independently for the Wet
and Dry Seasons.

Statistical testing can be divided into two classes: tests run on data that is normally distributed
(data are shaped similar in shape to the commonly known bell-shaped curve) and tests run on
data not normally distributed (tests for data that are not normally distributed are also call non-
parametric tests). The decision to determine which testing class to employ is based on the
percentage of reported analytical results not detected (ND) in samples collected from
groundwater wells. The numerical value to assign to NDs only becomes an issue in statistical
analyses on normally distributed data. Non-parametric analyses usually rely on rank ordering
techniques for statistical hierarchy; so NDs do not have to be assigned a numerical value
because they will generally rank below detected values.

The appropriate statistical class to use with the Site 22 chloroform data is non-parametric
because the percentage of chloroform concentrations reported as ND in samples collected from
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Site 22 groundwater wells is 81 percent (Table 5-4). The appropriate tests include the Wilcoxon
Rank-Sum Test for determining whether the subject wells are different from the up or
downgradient wells; the Mann-Kendall Test to evaluate whether a trend is present; and Sen’s
Slope Method to determine the magnitude and direction of a trend (EPA, 1989; EPA, 1992; and
TtECI, 2005).

The Wilcoxon Rank-Sum Test is also known as the Mann-Whitney U test and is used to assess
whether two (or more) groups of observations come from the same distribution (Minitab, 2007).
This test was used to determine whether wells WGC2-8 and WGC2-9 were different from the
upgradient wells.

The Mann-Kendall Test is used to determine if a trend is present within one dataset of interest
and the Sen’s Slope Method is used to estimate a trend. These statistical methods are both
non-parametric in approach and are used for detecting trends in data collected over time
(Minitab, 2007). The Mann-Kendall Test was applied to evaluate whether chloroform
concentration within the individual well WGC2-9 was decreasing over time. In contrast, the
Sen’s Slope Method was used to determine the rate chloroform was declining over time.

It is important that the data set is as free of seasonality as possible. This is because the
underlying assumption of the Mann-Kendall test is that trends in one individual well are due to
the influence of natural attenuation processes rather than seasonal influences on water quality
caused by changes in the water table elevations or in the groundwater flow gradient and
direction. Data associated with well WGC2-9 appeared to be seasonally influenced and, to
reduce seasonal bias; all statistical tests were performed independently for the Wet and Dry
Seasons.

Overall, chloroform concentrations reported for groundwater samples collected from well
WGC2-9 were relatively higher in the wet season and lower in the dry season; although the
overall concentration trend since April 2005 was declining. For the samples collected from
November 2003 through December 2006, greater than 50 percent of the samples had ND
chloroform concentrations (88 percent for the Wet Season and 94 percent for the Dry season).

5.2 STATISTICAL ANALYTICAL RESULTS FOR CHLOROFORM EXCEEDANCES

This section summarizes the results for the statistical methods applied to Site 22 data as related
to the reported exceedances of chloroform in groundwater samples collected from wells WGC2-
8 and WGC2-9. Results are provided from execution of the Wilcoxon Rank-Sum Test, the
Mann-Kendall Test, and the Sen’s Slope Method.

Well WGC2-9

On January 18, 2006, a sample collected from groundwater well WGC2-9 was reported to
contain 4.8 pg/l of chloroform. This chloroform concentration exceeded the CCL of 3.5 ug/l.
This exceedance triggered a set of analyses to evaluate whether chloroform was released from
within the site (TtECI, 2005). The selected statistical analyses that were performed were based
on the Figure 4-3 of the Draft Site 22 Post-Construction Operations, Maintenance, and
Monitoring Plan Addendum (TtECI, 2005). The relevant portions of this figure are provided in
Figure 5-1, Groundwater Monitoring Process for Chloroform Exceedances for Well WGC2-9.
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The Wilcoxon Rank-Sum Test was used to determine whether the chloroform found in the
groundwater sample collected from well WGC2-9 was statistically different than the chloroform
concentrations in samples collected from upgradient wells. The statistical analysis compared the
pooled population, including data collected in January 2006, and all historical data, and
classification of up and downgradient wells followed Table 5-5. For both the Wet and Dry
Seasons, statistically significant differences were found (Wet Season Z=5.3 p > .001; Dry
Season Z=.64 p > .0001).

Additional statistical evaluation was necessary to determine whether the statistically significant
difference was due to chloroform (for the current sampling event) in the subject well was either
lower or higher than the concentrations (current and historical) chloroform in the individual
upgradient wells. Chloroform concentration in samples from subject well WGC2-9 was higher
than every upgradient well (Tables 5-4 and 5-5), indicating a measurably significant (MS)
change in the monitoring data.

The MS change in the monitoring data is defined by 27 CCR 20164, as “a change in the
monitoring point data that, relative to the reference background value (or other approved
reference value or distribution), is sufficient to indicate that a release has occurred, pursuant to
the applicable data analysis method (including its corresponding trigger).” Consequently, if data
are found to be MS, there is indication that there has been a release from the unit.

As outlined in the Draft Site 22 Post-Construction Operations, Maintenance, and Monitoring
Plan Addendum (TtECI, 2005), additional statistical evaluation was necessary to verify sampling
results to determine if a MS change has occurred (27 CCR 20420 (j)(2)). Verification of
sampling results occurs when all of the following conditions are proved in any two out of three
consecutive groundwater sampling events:

1. An analyte exceeds its respective CCL.

2. Pooled data in a particular downgradient well are compared to pooled background
(upgradient and reference) well data and there is a statistically significant difference.

3. The statistically significant difference is due to the current sampling event analyte
concentration in the downgradient well(s) being greater than the pooled background and
reference well(s) concentrations.

A deviation in any of the three conditions described above means that the data are not verified
(the initial condition was a false positive result) and there is no MS change in the monitoring
data. Defining verification by using two out of three consecutive groundwater sampling events is
intended to respond to proven trends and eliminate false positives in which an analyte
concentration causes statistical significance in one round and then becomes not statistically
significant in subsequent sampling events. This practice is consistent with California monitoring
guidance (Guidance Document Monitoring Requirements for Permitted Hazardous Waste
Facilities, Appendix C [Department of Toxic Substances Control, 2001]).

In the case of Well WGC2-9, the next three consecutive groundwater sampling events were
April, 26, 2006, July 10, 2006, and October 17, 2006 (Table 5-6, Verification of Sampling
Results for Well WGC2-9, Site 22 Landfill). These verification sampling events coincided with
scheduled quarterly monitoring events. In all three sampling events, chloroform did not exceed
the CCL, the data for January 18, 2006, are not verified (the initial condition was a false positive
result), and there has been no MS change in the groundwater monitoring data.
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Although there has been no MS change in groundwater data, it is instructive to evaluate the
trend of chloroform in well WGC2-9. The appropriate test for trends within subject well WGC2-9
is the Mann-Kendall Test. Tests for the Wet and Dry Seasons were performed independently to
account for possible seasonal influences. The Mann-Kendall Test showed there was a
statistically significant trend in the Dry Season (Z=-2.58, alpha <.01), but not in the Wet Season
(S=8).

The appropriate test to determine the direction and rate of trends within subject well WGC2-9 is
the Sen’s Slope Method. Chloroform is significantly decreasing over time (Figure 5-2, Sen’s
Slope for Well WGC2-9, Dry Season).

521 Well WGC2-8

On October 17, 2006, a sample collected from groundwater well WGC2-8 was reported to
contain 4.7 g/l of chloroform. This chloroform concentration exceeded the CCL of 3.5 ug/l.
This exceedance triggered a set of analyses to evaluate if chloroform has released from within
the site (TtECI, 2005). The selected statistical analyses that were performed were based on
Figure 4-3 of the Draft Site 22 Post-Construction Operations, Maintenance, and Monitoring Plan
Addendum (TtECI, 2005). The relevant portions of this figure are provided in Figure 5-3,
Groundwater Monitoring Process for Chloroform Exceedances for Well WGC2-8.

The Wilcoxon Rank-Sum Test was used to determine whether the chloroform found in the
groundwater sample collected from downgradient well WGC2-8 was statistically different than
the chloroform found in upgradient wells. The statistical analysis compared the pooled
population, which included data collected in October 17, 2006, and all historical data and
classification of up and downgradient wells followed Table 5-5. For both the Wet and Dry
Seasons, no statistically significant differences were found (Wet Season Z=1.27; p > .20 Dry
Season Z=.23 p > .81).

The results of the Wilcoxon Rank-Sum Test supports the conclusion that exceedances found in
well WGC2-8 were not different than background concentrations and that there has been no MS
change in the groundwater monitoring data.

5.3 DOCUMENTED OBSERVATIONS FOR CHLOROFORM

In addition to the standardized statistical methods employed above, several observations about
the chloroform concentrations in wells WGC2-8 and WGC2-9 are summarized in this section.

The chloroform concentrations in groundwater samples from well WGC2-8 were below
analytical method detection limits from the onset of quarterly monitoring in November 2003
through July 2006. The only sample having chloroform concentrations above the 3.5 ug/l CCL
was collected during the October 2006 quarterly monitoring event and was reported to have a
concentration of 4.7 pg/l. All previous quarterly samples were below the analytical method
detection limit.

The chloroform concentrations in groundwater samples collected from well WGC2-9 have been
decreasing since monitoring began in November 2003. This decreasing trend has attained a
point in which chloroform concentrations have been below the 3.5 ug/l CCL for three
consecutive quarters.
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54 METHANE DATA EVALUATION

Methane is monitored to confirm that concentrations remain below 5 percent by volume in air at
landfill gas wells, tree wells, and at the site perimeter. An exceedance of the criterion is
considered verified if methane concentrations measured at an individual landfill gas monitoring
well, tree well, or perimeter surface monitoring station are above this concentration for any two
out of three consecutive quarters. If methane concentrations are confirmed, EPA and the Water
Board will be promptly notified (TtECI, 2005).

Methane was not measured above the 27 CCR concentration limit of 5 percent by volume at
any of the landfill gas monitoring wells, tree wells and perimeter locations, except at landfill gas
monitoring well LGMW-3 (Table 5-7, Methane Exceedances in Landfill Gas Samples in 2006,
Site 22 Landfill, and Table 5-8, Historical Methane Measurements vs. 27 CCR Limit for Landfill
Gas Monitoring Well LGMW-3).

55 RECOMMENDATIONS BASED STATISTICAL RESULTS AND OBSERVATIONS

It is recommended that groundwater monitoring continue on the established quarterly frequency
that has been employed since 2003. Monitoring should include groundwater wells WGC2-8 and
WGC2-9. It is also recommended that methane landfill gas monitoring continue on the
established quarterly frequency that has been employed since 2003. Monitoring should include
landfill gas monitoring well LGMW-3.

Groundwater monitoring data exceedances will be communicated to agency personnel following
review of data and through program-established reporting schedules. Methane gas monitoring
data exceedances in an individual landfill gas monitoring well, tree well, or perimeter surface
monitoring station for any two out of three consecutive quarters will also be communicated to
agency personnel following review of data and through program-established reporting
schedules. These schedules require preparation of annual and five-year reporting documents.
Preparation of annual and five-year reporting documents should include trend analysis involving
wells WGC2-8 and WGC2-9 and, if supportable, trend analysis involving landfill gas monitoring
well LGMW-3.

Future activities additional to groundwater monitoring will be identified if monitoring data results
warrant additional investigation, corrective activities, or recalculation of CCLs. An example of a
data result warranting these additional efforts relative to groundwater conditions is a succession
of chloroform concentrations in laboratory analyzed samples that exceed the 3.5 pg/l CCL.

Due to methane exceedances greater than the 27 CCR concentration limit of 5 percent by
volume in April 2006 and October 2006, there is verification of exceedance. Verification occurs
when there are exceedances any two out of three consecutive quarters. Future methane
monitoring activities include continued quarterly monitoring and evaluating options for
addressing methane exceedances.
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6.0 LANDFILL SETTLEMENT MONITORING

Landfill settlement markers SM-1 through SM-4 were installed in January 2004. They are set in
one foot of concrete inside a utility vault that is also set in the concrete). The marker disk is
approximately one foot bgs.

Landfill settlement markers were surveyed on February 3, 2004, and November 15, 2006, to
monitor the subsidence of the Site 22 Landfill (Figure 6-1, Locations of Settlement Markers).
The survey reports are included in Appendix F.

Land survey results from 2005 and 2006 indicate there is a need for continued surveying. The
reported data is not conclusive and it is not possible to determine whether movement has
occurred or not. There have only been two land surveys to date for these four settlement
markers. Variations in elevation (i.e., 0.01 to 0.04 feet) are within the range of acceptability of
engineering practice. However, the northing measurements for each marker are reported to vary
between the two years consistently by 2 feet. Similarly, the easting measurements reported for
each marker vary between the two years consistently by 4 feet. Despite this, there are no
obvious signs of movement in or on the landfill (i.e., slumping, cracking, swath paths/swales,
etc.). Continued land surveying is suggested in order to determine whether the variations are
measurement error or due to actual physical changes in the landfill. An additional consideration
is to make plans to verify the coordinates for control station ARC-34.
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7.0 CONCLUSIONS

Groundwater elevations for the Site 22 Landfill in 2006 ranged from slightly below to almost 9
feet below sea level. These elevations are generally lower than in previous years and
decreased in all wells from January to October 2006. Groundwater flow direction varied
seasonally. During the first half of 2006 flow direction was east and west away from a broad
high water divide (mound) oriented north-south. In the absence of the high water divide and
much lower groundwater levels, groundwater flow was south to north during the third quarter of
2006. Flow direction in the final quarter of 2006 is north-northwest. Groundwater gradient
varied seasonally from 0.0006 ft/ft in January 2006 to 0.004 ft/ft in October 2006.

The following groundwater level trends were observed in Site 22 monitoring wells during 2006:

* Monitoring wells had seasonal high water levels in January.
e Monitoring wells had seasonal low water levels in October.
o Water levels decreased from January to October.

o The seasonal water level fluctuation ranged from 3.76 feet to 6.56 feet.

Eleven groundwater samples, including one duplicate sample, were collected from ten
monitoring wells at the Site 22 Landfill during each quarterly sampling event in 2006.
Groundwater samples were analyzed for selected volatile organic compounds, SVOCs, and
pesticides. Chloroform, cis-1,2-DCE, TCE, and diethylphthalate were reported in samples
collected from four monitoring wells at Site 22.

Cis-1,2-DCE and TCE -concentrations trends are approximately the same as previous
concentrations in samples collected from well WGC2-8. The concentration trend in 2006 for
TCE in well WGC2-9 showed a slight increase from previous concentrations, with a historical
high concentration of 1.1 ug/L in July 2006. Chloroform concentration trends are decreasing in
samples collected from well WGC2-9; ranging from 3.7 to 6.8 ug/L in 2004; 2.7 to 7.6 pg/L in
2005; and 0.76 to 4.8 ug/L in 2006. However, concentrations of chloroform detected in samples
collected from well WGC2-9 appear to be cyclic through time. The reported measurements are
higher in samples collected in January and April compared to samples collected in August and
October. Monitoring for concentrations of chloroform will continue to further evaluate trends. The
SVOC diethyl phthalate was reported at an estimated concentration of 5.2 pg/L in the
groundwater sample collected from well WGC2-11 in July 2006. The SVOC fluorene was
reported at a concentration of 38 ug/L in the groundwater sample collected from well WGC2-4 in
October 2006. Currently, no trends appear for these SVOCs because they were detected in a
sample collected during only one quarterly sample in 2006. In addition, they have not been
detected historically at the Site 22 Landfill. No other SVOCs were reported above project
reporting limits during the 2006 sampling events. Pesticides were not detected above the project
reporting limits in groundwater samples tested in 2006.

As part of landfill monitoring activities, methane gas monitoring was performed at 15 of the 56
tree wells within the Site 22 Landfill and four landfill gas monitoring wells on the perimeter of the
landfill for each sampling event. Gas monitoring also was performed at 13 surface locations on
the perimeter of the site at approximately 150-foot intervals. Methane was measured at a
concentration of 10.6 percent by volume at landfill gas monitoring well LGMW-3 in April 2006.
Methane was measured at a concentration of 5.5 percent by volume at well LGMW-3 in October
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2006. Methane was not measured above the 27 CCR concentration limit of 5 percent by volume
at any other landfill gas monitoring well, tree well, or surface location. All readings were zero
percent by volume at these locations. Since the observed methane concentrations in well
LGMW-3 are above the 27 CCR concentration limit of 5 percent by volume, methane gas
monitoring will be continued at well LGMW-3 to observe trends. The result of the landfill gas
monitoring activities showed that no landfill gas is migrating off site.

As part of landfill maintenance activities, the landfill was routinely inspected and repaired, as
necessary. Rodent activity was noticed along the perimeter of the landfill. The holes were
backfilled with soil and the landfill surface was compacted using hand tools. The landfill cover is
intact and functional.

Landfill settlement markers SM-1 through SM-4 were surveyed on February 3, 2004, and
November 15, 2006, to monitor the Site 22 Landfill for movement. Land survey results from
2005 and 2006 indicate there is a need for continued surveying. The reported data is not
conclusive because it is limited. There have only been two land surveys to date for these four
settlement markers. Variations in elevation (i.e., 0.01 to 0.04 feet) are within the range of
acceptability of engineering practice. However, the northing measurements for each marker are
reported to vary between the two years consistently by 2 feet. Similarly, the easting
measurements reported for each marker vary between the two years consistently by 4 feet.
Despite this, there are no signs of movement in or on the landfill (i.e., slumping, cracking, swath
paths/swales, etc.). Continued land surveying is suggested in order to determine whether the
variations are measurement error or due to actual physical changes in the landfill. An additional
consideration is to make plans to verify the coordinates for control station ARC-34.
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