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1.0 INTRODUCTION 
 
On behalf of the National Aeronautics and Space Administration (NASA) Ames Research Center 
(Ames), Earth Resources Technology, Inc. (ERT) has prepared this 2013 Annual Progress 
Report for the NASA Ames Groundwater Treatment System (GWTS) associated with the 
Regional Groundwater Remediation Program (RGRP).   
 
The purpose of this facility-specific Annual Report is to: 
 

• Summarize NASA’s Groundwater Remediation activities for calendar year 2013 
(CY2013). 

 
• Present groundwater chemical and water level data collected during CY2013. 

 
• Provide a technical assessment and document the effectiveness of NASA’s Groundwater 

Treatment System in meeting remedy objectives. 
 

• Provide conclusions and recommendations. 
 

• Provide NASA’s anticipated and proposed CY2014 activities. 
 
1.1. Site Background 
 
NASA Ames is a federal aerospace facility located approximately 35 miles southeast of San 
Francisco, California, and 10 miles northwest of San Jose, California (Figures 1 and 2).  NASA 
Ames is located at the southern end of the San Francisco Bay in Santa Clara County and adjacent 
to the cities of Mountain View and Sunnyvale. 
 
Since 1988, numerous investigations have been performed at NASA Ames to study suspected 
sources of soil and groundwater contamination.  During 1992, Erler & Kalinowski, Inc. (EKI, 
1992) completed an EPA Listing Site Inspection (LSI).  The primary objective of the 1992 LSI 
was to generate a preliminary site ranking using the revised Hazardous Ranking System (HRS) 
developed by the EPA.  Based on the final HRS score of 15.77, the NASA Ames site was 
classified as a non-NPL site. 
 
Additional site work was completed in 1994.  The “Center-Wide Sampling and Analysis 
Program” (EKI, 1994a) provided an overview of the requirements for a comprehensive site 
evaluation.  As part of this plan, NASA Ames was divided into Areas of Investigation (AOIs) for 
detailed studies that are in various stages of characterization, cleanup, or have received closure. 
 
In 1998, NASA entered into an “Allocation and Settlement Agreement For Remedial Program 
Management Between NASA and Fairchild Semiconductor Corporation, Raytheon Company, 
and Intel Corporation” (NASA, 1998), which pertained to requirements established under the 
“Record of Decision” for the Middlefield-Ellis-Whisman (MEW) Study Area (EPA, 1989). 
Under this Agreement, various geographical divisions of responsibility, chemicals of concern, 
and treatment system design, installation, operations and maintenance responsibilities were 
allocated between the Parties (MEW, Navy, and NASA).  NASA’s Area of Responsibility for the 
cleanup of volatile organic compounds in groundwater is shown on Figure 3.   
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Figure 1 

Site Location Map  
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Figure 2 
Aerial View of NASA Ames Research Center 
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Figure 3 
NASA Ames Groundwater Clean-Up Area of Responsibility 

for Volatile Organic Compounds   
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1.2. Site Hydrogeology 
 
NASA Ames lies at the northern end of the Santa Clara Valley along the southwestern rim of 
San Francisco Bay.  The Santa Clara Valley is located between the Santa Cruz Mountains to the 
west and the Diablo Range to the east.  The area is underlain by a sequence of Pliocene-
Pleistocene and Upper Quaternary unconsolidated sediments up to 1,500 feet thick.  Sediments 
underlying NASA Ames were derived from the Santa Cruz Mountains and deposited in alluvial, 
estuarine and sublittoral environments.  Additionally, fine-grained sediments were transported by 
waters of the San Francisco Bay. 
 
Underlying NASA Ames are alluvial or fluvial aquifers separated by lower permeability silts and 
clays.  These aquifers are divided into two sequences based on the location of a laterally-
extensive clayey layer which separates the shallower, unconfined or semi-confined sequence 
from the deeper, confined sequence.  The shallower sequence consists of the “A” and “B” 
aquifers, while the lower sequence is comprised of the “C” and “Deep” aquifers.  Groundwater is 
encountered at the site from 4 to 8 feet below ground surface (bgs).  Groundwater generally 
flows to the northeast. 
 
The “A” aquifer consists of stringer-like alluvial channel deposits composed of sand and gravel 
inter-bedded with fine-grained flood plain deposits.  These channel deposits, oriented generally 
south to north, provide complex pathways for groundwater and contaminant transport.  Although 
the degree of channel continuity is variable, the depositional environment of the A1 aquifer 
materials has been interpreted as a low-lying flood basin subject to periodic flooding events 
(PRC, 1997).  The A1 aquifer extends from about 5 to 25 feet bgs.  Most of NASA Ames 
groundwater monitoring wells have been installed to monitor contaminants in the A1 aquifer.  A 
few wells have been screened in the deeper A2 aquifer, which generally extends from 30 to 50 
feet bgs.  According to the “West-Side Aquifer Treatment System, Long-Term Groundwater 
Monitoring Plan” (PRC, 1997), the A1 aquifer is separated from the A2/B1 aquifer by a 
discontinuous, lower permeability horizon located between 25 and 30 feet bgs.   
 
Groundwater flow in the A1 aquifer is greatly affected by the presence of engineered structures 
in the subsurface (deep, gravel-filled pipe trenches; compacted, engineered fill; and building 
basements).  At the northern edge of NASA Ames, the alluvial aquifers interfinger with 
relatively impermeable marine and estuarine sediments that restrict groundwater flow towards 
San Francisco Bay. 
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1.3. Remedy Description and Remedial Action Summary 
 
The remedial objective of the NASA GWTS is to extract and treat contaminated groundwater 
and provide hydraulic containment of contaminated groundwater down-gradient from known 
and/or suspected sources located within NASA’s Area of Responsibility associated with the 
RGRP and to fulfill NASA’s responsibilities under the RGRP.  Two areas have been identified to 
address NASA’s groundwater treatment responsibilities associated with the Regional Plume. 
 

1. NASA extraction wells NASA-1A and NASA-2A are located near building N240, 
north of building N211 (Figure 4).  Although historic soils data do not identify a 
source in local soils, historical groundwater data available during the time of the 
design phase for the “North of US Highway 101 RGRP” (Smith, 1996) indicated the 
presence of TCE in groundwater at concentrations above cleanup levels in this area.  
Wells NASA-1A and NASA-2A were installed in 2000 and groundwater extraction 
was initiated in late 2001.  Pumping from NASA-2A was suspended on April 28, 
2009 with approval from the EPA and RWQCB. 

 
2. NASA extraction wells NASA-3A and NASA-4A are located down-gradient from a 

known source area in the vicinity of Navy Site 8 North and NASA’s Vertical Takeoff 
and Landing (VTOL) Pad.  Historical information and site investigation data revealed 
contamination of both soil and groundwater in this area where drums of 
miscellaneous oils and solvents had previously been stored.  Previous actions in this 
area included the removal of both contaminated soil (excavation and disposal) and 
groundwater (excavation pit dewatering, treatment, and discharge).  Wells NASA-3A 
and NASA-4A were installed in 2000 and groundwater extraction began in late 2001.  
Pumping from NASA-4A was suspended on April 28, 2009 with approval from the 
EPA and RWQCB. 

 
The effectiveness of the remedy is monitored using a network of RGRP monitoring wells.  
Currently, NASA samples 13 RGRP long-term monitoring wells semi-annually (March and 
September).   NASA’s two operating extraction wells are sampled quarterly.  The locations of 
these wells, along with existing non-RGRP monitoring wells in the area, are shown on Figure 4.  
Many of NASA’s non-RGRP monitoring wells are sampled throughout the year to provide 
additional chemical data within NASA’s Area of Responsibility.  In addition, NASA samples 
five RGRP wells (not shown) on behalf of the Parties in September of each year. 
 
  



 

NASA Ames Research Center  2013 Annual Progress Report 
Environmental Management Division  April 2014 

-7- 
   

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 

Figure 4 
NASA Ames Monitoring and Extraction Well Locations 

N240 

N211 
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1.4. CY2013 Site Activities and Deliverables Summary 
 
NASA activities associated with the RGRP performed during CY2013 are provided in Table 1. 
 

Table 1 
CY2013 Site Activities and Deliverables Summary 

 
Activity Date 

Continuing groundwater extraction and treatment On-Going 

Continuing routine system operations and maintenance On-Going 

Monthly GWTS NPDES Sampling January 23, 2013 

Quarter 4, 2012 NPDES Self-Monitoring Report January 31, 2013 

2012 Annual NPDES Self-Monitoring Report January 31, 2013 

Monthly GWTS NPDES sampling February 26, 2013 

NASA-1A pump replacement March 11, 2013 

Quarter 1 groundwater sampling March 18-21, 2013 

Regional depth-to-water gauging March 21, 2013 

Monthly GWTS NPDES sampling March 26, 2013 

Monthly GWTS NPDES sampling April 25, 2013 

Quarter 1, 2013 NPDES Self-Monitoring Report April 17, 2013 

Monthly GWTS NPDES sampling May 22, 2013 

Quarter 2 groundwater sampling June 17-18, 2013 

NASA/MEW Discharge Piping Realignment June 17-August 14 

Monthly GWTS NPDES sampling June 26, 2013 

Monthly GWTS NPDES sampling July 24, 2013 

Monthly GWTS NPDES sampling August 21, 2013 

Quarter 2, 2013 NPDES Self-Monitoring Report September 12, 2013 

Quarter 3 groundwater sampling September 23-25, 2013 

Monthly GWTS NPDES sampling September 26, 2013 

2012 Annual NASA Facility-Specific Progress Report September 30, 2013 

Monthly GWTS NPDES sampling October 21, 2013 

Quarter 3, 2013 NPDES Self-Monitoring Report October 24, 2013 

NASA GWTS GAC replacement October 29, 2013 

Monthly GWTS NPDES sampling November 19, 2013 

Regional depth-to-water gauging November 19, 2013 

Monthly GWTS NPDES sampling December 16, 2013 

Quarter 4 groundwater sampling December 17-27, 2013 
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2.0 CY2013 REMEDIAL ACTION PROGRESS 
 
This section provides a greater level of detail regarding the NASA GWTS activities, 
performance and remedial progress.  Included in the progress assessment are discussions of the 
performance of NASA’s GWTS, hydraulic control and capture zone analysis, and groundwater 
chemical data evaluation and trend analysis. 
 
2.1. Remedial Action Objective 
 
The remedial objective of the NASA GWTS is to extract and treat contaminated groundwater 
and provide hydraulic containment of contaminated groundwater down-gradient from known 
and/or suspected sources located within NASA’s Area of Responsibility associated with the 
RGRP.  The site VOC groundwater cleanup levels, which are based on Federal/State drinking 
water maximum contaminant levels, are shown in Table 2.  
 

Table 2 
Groundwater Cleanup Levels 

 

Chemical Cleanup Level 
(μg/L) 

1,1-DCA 5.0 
1,1-DCE 6.0 
1,1,1-TCA 200 
1,2-DCA 0.50 
cis-1,2-DCE 6.0 
trans-1,2-DCE 10 
Chloroform 80 
Freon 11 150 
Freon 113 1,200 
PCE 5.0 
TCE  5.0 
Vinyl Chloride 0.50 

 
 
 
2.2. Groundwater Extraction and Treatment System Description and Performance  
 
NASA’s groundwater treatment facility is located at the corner of North Warehouse Road and H 
Lane (Figure 5).  Quarterly and annual 2013 system Operations and Maintenance (O&M) reports 
were prepared in accordance with the Self-Monitoring Program reporting requirements contained 
in the National Pollutant Discharge Elimination System (NPDES) Permit Number CAG912003, 
Order R2-2009-0059, issued by the California Regional Water Quality Control Board to NASA 
on December 3, 2009.  For reference, a copy of the “2013 Annual NPDES Self-Monitoring 
Report for the NASA Ames RGRP GWTS” (ERT, 2014a) is attached as Appendix A.   
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Figure 5 

NASA Ames GWTS Location and Layout 
 
 
2.2.1. System Description 
 
Groundwater extracted from NASA extraction wells NASA-1A and NASA-3A is pre-filtered by 
two 10-micron bag filters operating in parallel prior to passing through two 5,000-pound 
granulated activated carbon vessels operating in series.  Treated groundwater is then discharged 
to Stevens Creek in accordance with the NPDES permit.  Figure 5 shows NASA’s extraction 
wells and the discharge route to Stevens Creek.  The construction of the NASA Ames GWTS 
was completed in August 2001 and started operations on September 10, 2001.   
 
2.2.2. NASA Extraction Well Pump Rates 
  
During the CY2013 reporting period, the pump rates were periodically adjusted.  The designed 
pump rate for each extraction well is provided in Table 3.  Pumping from extraction wells 
NASA-2A and NASA-4A was suspended on April 28, 2009 with approval from the EPA and 
RWQCB.  Average annual flow rates and total gallons extracted during CY2013 are also 
summarized in Table 3. 
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Table 3 
NASA Extraction Well Pump Rate Details 

 

Well Number 
Designed  

Pump Rate 
(gpm) 

Average Annual 
Pump Rate  

(gpm) 

Total Gallons 
Extracted in 2013 

NASA-1A 8.0 9.2 5,256,865 
NASA-2A 3.0 0 0 

NASA-3A 6.0 4.5 2,508,063 

NASA-4A 3.0 <0.1 13 
 

 
 
2.2.3 System Influent and Effluent Data 
 
During CY2013, the NASA GWTS removed a total of 4.25 pounds of total VOCs from 
7,764,941 gallons of groundwater.  The average flow rate into the system was 14.8 gpm.  The 
monthly influent VOC concentrations for selected chemicals are presented in Figure 6.  Figure 7 
presents the monthly effluent flow for CY2013.  Figure 8 presents the monthly total VOC and 
TCE mass removal information for CY2013.  Since pumping began in CY2001, the NASA 
GWTS has removed 61.3 pounds of total VOCs from 94.7 million gallons of groundwater. 
 
The influent and effluent analytical data for NASA’s monthly NPDES compliance sampling is 
provided in the 2013 NPDES report (Appendix A). 
 
2.2.3. System Performance 
 
The NASA GWTS was operational for 97.8% of CY2013.  During CY2013, the GWTS was 
fully operational (both extraction wells operating) for 96.3% of the year and was partially 
operational (only one extraction well operating) for 1.5 % of the year.  The GWTS was not 
operating for 2.2% of CY2013. 
 
During CY2013, the NASA GWTS experienced several automatic and manual system-wide 
shutdowns.  These automatic system-wide shutdowns resulted from problems with electrical 
systems and/or power disruptions.  The manual shutdowns occurred during GAC change-outs 
and maintenance activities.  Dates and durations of these shutdowns are detailed in the 2013 
NPDES report provided in Appendix A. 
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Figure 6 

2013 GWTS Monthly Influent VOC Concentrations  
 
 
 

  
Figure 7 

2013 GWTS Monthly Groundwater Extraction Volume 
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Figure 8 

2013 GWTS Monthly Mass Removal  
 
 
 
2.2.4. System Operations and Maintenance 
 
During CY2013, NASA’s groundwater treatment facility treated influent groundwater as 
designed.  A summary of the maintenance activities is provided below. 
 
2.2.4.1. Quarter 1, 2013 Pump Replacement 
 
On March 11, 2013, the pump at NASA-1A was replaced.  Over time, the pumping rate of 
NASA-1A had decreased from 10 gallons per minute (gpm) to 8.6 gpm due to deterioration of 
the pump.  The existing pump was replaced with a new pump of the same model and 
specifications.  NASA-1A was shut down for approximately two hours during the pump 
replacement. 
 
2.2.4.2. Quarter 4, 2013 Carbon Replacement 
 
On October 29, 2013 the granulated activated carbon (GAC) within vessel GAC-551 was 
replaced.  Vessel GAC-551 served as the secondary GAC vessel from May 22, 2012 to 
November 16, 2012 (6 months of service) and served as the primary GAC vessel from November 
16, 2012 to October 29, 2013 (11 months of service).  A system shutdown of approximately two 
hours was required during the carbon replacement and associated system maintenance activities. 
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2.2.4.3. Discharge Piping Realignment 
 
During the summer of CY2013, the NASA/MEW discharge pipeline to the Stevens Creek outfall 
was realigned to accommodate construction activities in NASA’s Bay View area.  The shutdown 
of NASA’s GWTS was required on June 17 and August 14, 2013 to allow the new pipeline to be 
tied into the reused portions of the existing pipeline.  The new alignment of the discharge 
pipeline is shown in Figure 5. 

 
2.3. Hydraulic Control and Capture Zone Analyses 
 
The following sections describe how the capture zones for NASA’s groundwater extraction wells 
were estimated and discuss the effectiveness of the capture zones.  Capture zones have been 
estimated for NASA’s two active extraction wells using flow net analyses of March 21 and 
November 19, 2013 groundwater elevation data and potentiometric surfaces in the A1 aquifer.  
NASA Ames extraction wells are completed in the A1 aquifer; therefore, the following sections 
are relative only to the A1 aquifer. 
 
2.3.1. Analysis Methodology 
 
The capture zone of an extraction well may be interpreted graphically from the shape of the 
potentiometric surface.  The shape of the potentiometric surface is influenced by many factors, 
especially the extraction well zone of influence, aquifer/aquitard heterogeneities, geologic 
materials, and discharge/recharge boundaries. 
 
The flow net analysis method provides a simple graphical solution that reflects site-specific 
aquifer heterogeneities and hydraulic interference effects from other extraction wells that cannot 
be incorporated into an analytical estimate of capture zones without the development of an 
extensive groundwater model.  The limitation of using flow-net analysis is that groundwater and 
contaminant transport through preferential pathways and “channelized” groundwater flow is not 
adequately reflected (e.g. effects may be minimized).   
 
The evaluation of the hydraulic capture and containment is based on the following site data 
reviews: 
 
• Water level data 
  
• Chemical concentrations 
  
• Extent of dissolved chemicals of concern (COCs) exceeding cleanup standards 
 
• Hydraulic capture and control of plumes 
 
• Groundwater balance in extraction well capture zones 
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2.3.2. Groundwater Level Monitoring 
 
NASA, the Navy and the MEW companies collect semi-annual groundwater elevation data on a 
pre-arranged day.  Depth-to-water measurements were recorded for NASA Ames monitoring 
wells in the A1 aquifer as part of the MEW site data exchange program.  Depth-to-water 
measurements from 76 monitoring wells were collected by NASA on March 21 and November 
19, 2013 and are included in Appendix B.   These data were used to generate groundwater 
hydrographs and elevation contour maps of the A1 aquifer.   
 
2.3.2.1. Hydrographs 
 
Hydrographs were prepared from the groundwater elevation data to aid in the evaluation of site-
specific and seasonal trends and to illustrate the hydraulic impact of groundwater extraction.  
The hydrographs are included in Appendix C.   
 
All of the A1 aquifer monitoring wells exhibit seasonal groundwater elevation trends.  During 
the wet season (November 2012 through March 2013), groundwater levels rose an average of 
1.26 feet, ranging from 0.23 feet to 2.51 feet.  During the dry season (April 2013 through 
September 2013), groundwater levels dropped an average of 1.14 feet, ranging from 0.51 feet to 
2.12 feet.  Overall, groundwater levels rose an average of 0.26 feet from CY2012 to CY2013. 
 
2.3.2.2. Horizontal and Vertical Gradients 
 
Depth-to-water measurements collected on March 21 and November 19, 2013 (Appendix B) 
were used to generate groundwater elevation contour maps of the A1 aquifer (Figures 9 and 10, 
respectively).  The following sections provide a discussion of the groundwater gradients 
estimated for each gauging event. 
 
March 21, 2013 Data Interpretation 
 
A groundwater elevation contour map was generated from water levels measured on March 21 
and is shown on Figure 9.  Groundwater generally flows north-northeast.  During Quarter 1, 
2013, the average horizontal gradient was approximately 0.0032 feet/foot (ft/ft).  The 
groundwater gradient in the southern portion of NASA Ames (south of Hunsaker Road) was 
approximately 0.0055 ft/ft, while the average gradient in the northern portion was approximately 
0.0016 ft/ft.  
 
Vertical gradients between the A1 aquifer and A2 aquifer were determined using the March 21 
groundwater elevation data.  In the eastern portion of NASA Ames, a local upward groundwater 
gradient of 9.65 feet existed between the A2 aquifer and the A1 aquifer (well pair 
14D25A2/14D26A1).  This well pair is located within 10 feet of extraction well NASA-1A.   
Prior to groundwater extraction, this well pair indicated a local upward gradient of about 1.0 feet.  
While well 14D26A1 experienced a noticeable response to initiation of pumping, well 14D25A2 
exhibited little response. 
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November 19, 2013 Data Interpretation 
 
A groundwater elevation contour map was generated from water levels measured on November 
19 and is shown on Figure 10.  Based on information obtained during the Quarter 4, 2013 
monitoring event, groundwater generally flowed north-northeast at an average horizontal 
gradient of approximately 0.0034 ft/ft.  During this quarter, the groundwater gradient in the 
southern portion of NASA Ames was approximately 0.0065 ft/ft, while the average gradient in 
the northern portion was approximately 0.0019 ft/ft.  
 
Vertical gradients between the A1 aquifer and A2 aquifer were determined using the November 
19 groundwater elevation data.  In the eastern portion of NASA Ames, a local upward 
groundwater gradient of 10.53 feet existed between the A2 aquifer and the A1 aquifer (well pair 
14D25A2/14D26A1).  This well pair is located within 10 feet of extraction well NASA-1A.  
Prior to groundwater extraction, this well pair indicated a local upward gradient of about 1.0 feet.   
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Figure 9 
Groundwater Elevation Contour Map 

March 21, 2013 
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Figure 10 
Groundwater Elevation Contour Map 

November 19, 2013 
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2.3.3. Estimated 2013 Capture Zones 
 
The NASA GWTS was designed to address two areas that were discussed in the “Proposed 
Locations of NASA Ames Groundwater Extraction Wells in the VTOL Pad and South Navy 
Warehouse Areas” (EKI, 1995).  The first area of concern is located south of the former Navy 
Warehouse (building N144), between buildings N240 and N259.  Although no soil source area 
was identified, a suspected source area of TCE groundwater contamination was identified in the 
A1 aquifer during groundwater investigations conducted in 1994.  The suspected source area is 
shown in Figure 11.  NASA extraction wells NASA-1A and NASA-2A were installed in the A1 
aquifer to address this area.   
 
The second area of concern is located down-gradient of Navy Site 8 North, near the southwest 
corner of the Vertical Take-Off and Landing (VTOL) pad.  According to the “Center-Wide 
Sampling and Analysis Program, Volume VII: Work Plan for Area of Investigation 7” (EKI, 
1994b), “…the source for the chemicals present in the area north of the Navy Storage Yard 
[Navy IRP Site 8] is likely to be the Navy storage yard.  However, NASA indicated to EKI that 
NASA has assumed responsibility for the characterization and remediation, if needed, of this 
area…”  In 1994, NASA removed solvent-contaminated soil exceeding cleanup levels by 
excavating over 3,000 cubic yards of soil (“Site 8-North Soil Excavation & Source Removal” 
(NASA, 1994).  The area of excavation is shown in Figure 11.  NASA extraction wells NASA-
3A and NASA-4A were installed in the A1 aquifer to address residual groundwater 
contamination down-gradient of this area.    
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Figure 11 
Source Areas Addressed by NASA 
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2.3.3.1. Flow Budget Calculations 
 
A horizontal capture zone analysis was completed to estimate the capture widths at extraction 
wells NASA-1A and NASA-3A (Table 4).  Since there is no overlapping capture between the 
two wells, individual pump rates were used, as opposed to a combined pumping rate appropriate 
for overlapping capture. 
 
Since NASA-1A and NASA-3A were installed as source control wells and were not intended to 
address the larger Regional Plume mass, separate calculations were performed.  For the “Source 
Control” calculations, the “measured plume width” refers to the permeable channel deposits in 
which the up-gradient source areas and extraction wells are located (Figures 12 and 13).  For the 
“Regional Plume” calculation, the “measured plume width” refers to the widest portion of the 
mapped CY 2013 TCE plume (Figure 15) adjacent to each extraction well.  The saturated 
thickness at each extraction well represents the maximum thickness of aquifer materials at each 
location. 
 
The channel width data (Figures 12 and 13) and hydraulic conductivities used for the “Source 
Control” calculations were obtained from “Proposed Locations of NASA Ames Groundwater 
Extractions Wells in the VTOL Pad and South Navy Warehouse Areas” (EKI, 1995).  The 
hydraulic conductivities for the “Regional Plume” calculations were estimated to be half of the 
“source control” hydraulic conductivities to reflect capture outside of the courser-grained 
channel sediments.  The hydraulic gradients were obtained from measurements from the March 
21 and November 19, 2013 groundwater elevation contour maps (Figure 9 and 10, respectively). 
 
Assumptions required for the calculations include: 1) homogeneous, isotropic, confined aquifer 
of infinite extent; 2) no net recharge; 3) uniform aquifer thickness; 4) fully penetrating extraction 
well; 5) steady-state flow; and 6) negligible vertical gradient. 
 
The results in Table 4 indicate that the predicted capture width at NASA-1A is greater than both 
the “Source Control” channel deposit width and “Regional Plume” trans-gradient TCE plume 
width.  Based on associated chemical data from NASA-1A, the data supports that groundwater 
capture and mass removal is occurring from within the channel boundaries and hydraulic 
containment of the Regional Plume is occurring outside the channel boundaries.  At NASA-3A, 
the results indicate that at the current pumping rate, the predicted capture width is sufficient for 
groundwater capture and mass removal of the contaminated groundwater migrating from the 
source area, but is inadequate to provide hydraulic control of the entire Regional Plume mass.  
Additional discussion of the NASA-3A area is provided in Section 7.3. 
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Table 4 
Flow Budget Calculations 

 

Parameter NASA-1A 
Source Control 

NASA-1A 
Regional Plume 

NASA-3A 
Source Control 

NASA-3A 
Regional Plume 

Q (gpm) 9.3 9.3 4.6 4.6 

b (ft) 12 12 14 14 

i (ft/ft) 0.0041 0.0041 0.0016 0.0016 

k (ft/day) 150 75 150 75 

Calculated Capture 
Width (ft) 249 485 264 527 

Measured Plume 
Width (ft) 123 412 163 1,067 

 
 
Q = pumping rate 
b = saturated aquifer thickness 
i = regional hydraulic gradient 
k = hydraulic conductivity 
Calculated Capture Width = Q/(k x b x i) 
Measured Plume Width = widest point at extraction well from 2013 TCE concentration contour map or 
channel deposits width from Figures 13 and 14 
1 cubic foot = 7.48 gallons 
1 day = 1,440 minutes 
 
 
 
2.3.3.2. Interpreted Actual Capture 
 
To best characterize the hydrogeology that controls the performance of NASA’s extraction wells, 
the “Distribution of Sand and Gravel Thickness” maps from the 1995 EKI “proposed locations” 
document are included as Figures 12 and 13.  As shown on these figures, there are depositional 
trends where relatively permeable sandy and gravelly sediments were deposited adjacent to, or 
incised within, silty and clayey sediments.  Based upon the thicknesses and distributions of these 
differing sediment types, especially the linear nature of the sand and gravel sediment trends, 
these sediments were most likely deposited originally by stream or “channelized” flow.  It is 
assumed that there is an appreciable amount of inter-connection among the sand and gravel 
deposits within a channel boundary. 
 
NASA-1A Extraction Well 
 
NASA-1A is located in an approximately 120-foot wide channel deposit (Figure 12) and is 
screened across approximately 4 feet of fine- to medium-grained sand, 2 feet of coarse-grained 
sand, and 4 feet of fine-grained gravel. 
 
  



 

NASA Ames Research Center  2013 Annual Progress Report 
Environmental Management Division  April 2014 

-23- 
   

Figure 14 shows that wells 14D02A, 14D33A, 14D35A, 14D36A, 14D37A and 14D39A should 
be within the flow-net based capture zone of NASA-1A.  These monitoring wells have 
historically contained elevated concentrations of various fuel constituents.  During CY2013, 
JP5/JP8 was detected in well 14D37A at a concentration of 1,300 μg/L.  However, jet fuel has 
not been detected in groundwater samples collected from NASA-1A, nor adjacent monitoring 
wells 14D24A and 14D26A1.  This highlights one of the limitations of using flow-net analysis to 
determine capture zones.   
 
Although the flow-net based capture zone of NASA-1A supports that NASA-1A is providing 
hydraulic containment at the fuel-impacted wells, it appears that the fuel contamination in this 
adjacent channel sequence has limited ability to migrate across the channel boundary to the 
NASA-1A extraction well.  Actual mass removal of the petroleum hydrocarbons is restricted by 
the channel boundaries. 
 
NASA-2A Extraction Well 
 
NASA-2A is located down-gradient from NASA-1A.  According to the 1995 EKI report, NASA-
2A is in the same channel as NASA-1A, but at a location where the channel has narrowed to 
approximately 90 feet in width and has thinned somewhat (Figure 12).  The extraction well is 
screened across approximately 4 feet of fine- to medium-grained silty and clayey sands, inter-
bedded with clays and silts. 
 
Pumping at NASA-2A was suspended on April 28, 2009 because of poor performance. 
 
NASA-3A Extraction Well 
 
NASA-3A is located immediately down-gradient from Navy Site 8 North in an approximately 
175-foot wide channel deposit (Figure 13) comprised of thick, coarse sand and gravels.  NASA-
3A is screened across approximately 5 feet of fine- to medium-grained silty sand, 4 feet of 
medium- to coarse-grained sand and 2 feet of sandy gravel.   
 
Although the extraction rate from this well is 4.5 gpm, little draw-down is observed in the 
adjacent groundwater monitoring wells.  High hydraulic conductivity at this location allows for 
relatively high groundwater extraction rates, but makes lateral capture difficult, especially when 
considering the relatively large width of the channel.  Because of its proximity to the Navy Site 8 
North source area, and the decreasing TCE levels in down-gradient well 11M03A, this well 
appears to be capturing the majority of the residual dissolved solvent. 
 
NASA-4A Extraction Well 
 
Because of the relatively low sustainable pump rate and concentrations below cleanup levels 
present at NASA-4A, groundwater extraction was terminated on April 28, 2009.   
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Figure 12 

Distribution of Sand and Gravel Thickness, A/A1 Aquifer, Warehouse Area 

NASA-1A 

NASA-2A 
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Figure 13 

Distribution of Sand and Gravel Thickness, A/A1 Aquifer, VTOL Area   

NASA-3A 

NASA-4A 
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Figure 14 
Geology-Controlled Capture Map  
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Based on the previous discussion, it appears that the use of flow-net analysis alone for estimating 
the capture zones for NASA’s extraction wells may not be representative of actual performance.  
The impact of the channelized deposition of geologic materials must be considered when 
evaluating the effective capture of groundwater. 
 
Figure 14 was created by superimposing the depositional trends (Figures 12 and 13) on the 
November 19, 2013 groundwater elevation contour map.  The solid black lines represent the 
estimated boundaries of the channel deposits.  The channel deposit boundary is based on a sand 
and gravel thickness of 2.5 feet to 5.0 feet.  Areas with sand and gravel thicknesses greater than 5 
feet are denoted as “>5’.” 
 
The red-shaded area represents the effective area of contaminant mass removal at NASA-1A 
based on the geologic controls created by the channelized deposition of coarse-grained materials.  
This interpretation accurately explains the absence of significant petroleum hydrocarbon 
concentrations in NASA-1A, which is present at elevated concentrations in adjacent wells 
located outside of the channel deposits.  The dashed red line represents a conservative capture 
zone based on flow-net analysis.  Although the flow-net based capture zone indicates that 
NASA-1A is providing hydraulic containment of the fuel-impacted wells, it appears that the fuel 
hydrocarbons in these adjacent channel deposits have limited ability to migrate across the 
channel boundary to the NASA-1A extraction well.  Actual mass removal of the petroleum 
hydrocarbons is limited by the channel boundaries. 
 
Evaluating the capture zone at NASA-3A is somewhat more difficult.  Although NASA-3A is 
located where the channel deposits appears to be pinching, the hydraulic conductivity of the 
channel deposits is very high, resulting in little drawdown in the extraction well and nearby 
monitoring wells.  The flat local gradient, combined with the lack of mappable radius of 
influence, prevents the estimation of a capture zone in this area.  However, since NASA-3A is 
located approximately 110 feet directly down-gradient of the Navy Site 8 North excavation site, 
it can be assumed that most of the residual dissolved contamination from the source area is being 
captured by this well. 
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2.4. Groundwater Quality Monitoring 
 
2.4.1. Chemical Data Evaluation and Trend Analysis 
 
The impacts from local and regional groundwater contaminant plumes in NASA’s Area of 
Responsibility have been evaluated to assess conditions during CY2013 and changes that have 
taken place from previous years.  Based on the prevalence of TCE, cis-1,2-DCE and vinyl 
chloride in site groundwater, discussion of these three groundwater contaminants are included in 
this section.  Limiting the analysis to these compounds is appropriate based on the following: 
 
• TCE is specified as the indicator compound in the MEW Record of Decision.   
 
• Cis-1,2-DCE is a degradation product of TCE and is present in most wells.  At many 

locations, cis-1,2-DCE is present at concentrations greater than TCE.  Some locations 
may contain cis-1,2-DCE without detectable TCE concentrations.   

 
• TCE and cis-1,2-DCE made up approximately 80 percent of the contaminant mass being 

removed by the NASA GWTS. 
 
• Vinyl chloride is an indicator of enhanced TCE degradation and is prevalent in areas of 

VOC and petroleum hydrocarbon co-mingling.  Vinyl chloride is often the only 
remaining VOC in areas of co-mingling. 

 
• Petroleum hydrocarbons are also a common contaminant in NASA’s Area of 

Responsibility.  Although not directly addressed in this report, reference is made to their 
occurrence where appropriate. 

 
NASA’s semi-annual RGRP-related sampling events were conducted in March and September, 
2013.  A total of 12 NASA RGRP-related wells were sampled (Figure 4).  MEW well 95A, 
which is usually sampled by NASA, was unavailable for sampling because of the presence of a 
no-purge sampling device.  In June 2013, NASA voluntarily sampled seven non-RGRP wells to 
obtain additional data within and up-gradient of the NASA Area of Responsibility.  During the 
September 2013 sampling event, NASA also collected samples from five RGRP wells on behalf 
of the Parties.  NASA’s two operating extraction wells were sampled quarterly. 
 
Analytical data for CY2013 is summarized in Appendix D.  Concentration-versus-Time graphs 
for selected wells are presented in Appendix E.  Copies of the laboratory analytical reports and 
chain-of-custody forms are presented in Appendix F.   
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2.4.2. Concentration Contour Maps 
 
TCE, cis-1,2-DCE and vinyl chloride concentration contour maps were created using the 
CY2013 analytical data for the A1 aquifer.  The concentration contour maps are provided in 
Figures 15, 16 and 17, respectively.  The CY2013 maps were based on the previous year’s maps 
with contours modified to reflect changes over the year.  The figures include posted values of the 
highest and lowest concentrations detected during CY2013.  The mapped extent shown in each 
figure is based on the chemical’s cleanup level. 
 
The TCE and cis-1,2-DCE plumes shown along the western margin of NASA Ames is part of the 
“Orion Park Plume” and is discussed separately in Section 3.1. 
 
TCE Boundaries 
 
The overall shape and extent of the TCE concentration contours shown in Figure 15 has not 
changed significantly since CY2004 and is nearly identical to that mapped for CY2012.  The 
sampling of well WSI-04A1 (west of NASA-3) produced results that have extended the plume 
boundary near the leading edge to the northwest.  The western margin of the TCE plume now 
extends outside of well 14E14A. 
 
The highest concentration of TCE in NASA’s Area of Responsibility was reported at a 
concentration of 67 μg/L in NASA extraction well NASA-1A. 
 
Cis-1,2-DCE Boundaries 
 
The overall shape and extent of the cis-1,2-DCE concentration contours shown in Figure 16 has 
not changed significantly since CY2004 and is nearly identical to that mapped for CY2012.  The 
leading edge of the cis-1,2-DCE plume has receded inside of well 95A. 
 
The highest concentration of cis-1,2-DCE in NASA’s Area of Responsibility was reported at a 
concentration of 110 μg/L in well 14D24A.  This well is located within ten feet of extraction 
well NASA-1A. 
 
Vinyl Chloride Boundaries 
 
The overall shape and extent of the vinyl chloride concentration contours shown in Figure 17 has 
not changed significantly since CY2004 and is nearly identical to that mapped for CY2012.  The 
leading edge of the vinyl chloride plume has receded inside of wells 11N22A1 and NASA-2A. 
 
The highest concentration of vinyl chloride in NASA’s Area of Responsibility was reported at a 
concentration of 3.6 μg/L in well 14D26A1. This well is located within ten feet of extraction 
well NASA-1A. 
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Figure 15 

2013 TCE Concentration Contours, A1 Aquifer 
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Figure 16  
2013 Cis-1,2-DCE Concentration Contours, A1 Aquifer 
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Figure 17 

2013 Vinyl Chloride Concentration Contours, A1 Aquifer 
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2.4.3. Concentration Trends 
 
In conjunction with the hydraulic analysis described in Section 2.3, VOC analytical data 
provides an additional line of evidence for assessing remedy performance.  Concentration-
versus-time graphs are presented in Appendix E.  Figures 18 and 19 show the concentration 
trends of TCE and cis-1,2-DCE in NASA’s extraction wells NASA-1A and NASA-3A, 
respectively.  These trends are characteristic of most of the wells in NASA’s Area of 
Responsibility.  A rapid reduction in the initial concentrations following the initiation of 
pumping (CY2002-CY2005) is followed by slower, more gradual concentration declines. 
 
Mann-Kendall trend analysis was applied to select groundwater monitoring wells for TCE, cis-
1,2-DCE and vinyl chloride (Appendix G).  The statistical analysis was conducted for the time 
period spanning the initiation of NASA groundwater extraction (September 2001) to the present.  
Based on the Mann-Kendall statistical analysis the TCE concentrations are non-detectable, 
decreasing, or stable in 94% of NASA’s RGRP wells.  Approximately 33% of the wells display 
decreasing TCE concentrations and 61% are non-detectable or stable.  TCE concentrations were 
shown to be increasing in well 11M17A.  Cis-1,2-DCE concentrations are non-detectable, 
decreasing, or stable in 94% of NASA’s RGRP wells.  Approximately 50% of the wells display 
decreasing cis-1,2-DCE concentrations and 44% are non-detectable or stable.  Cis-1,2-DCE 
concentrations are shown to be Probably Increasing in well 11M14A1.  Table 5 presents the 
Mann-Kendall trend analyses for wells within NASA’s Area of Responsibility that are sampled 
annually or semi-annually by NASA. 
 

Table 5 
Mann-Kendall Trend Analysis 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

I = Increasing   PI = Probably Increasing      
D = Decreasing   PD = Probably Decreasing 
ND = Not Detected   S = Stable 
IQD = Insufficient Quantifiable Data   
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Figure 18 

Concentration-versus-Time Graph, Extraction Well NASA-1A 
 
 
 

  
Figure 19 

Concentration-versus-Time Graph, Extraction Well NASA-3A 
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2.4.4. VOC Spatial Distribution 
 
The spatial distribution of VOCs in groundwater can also be used to assess remedy performance.  
Figure 20 presents a map of the A1 aquifer capture zone (based on flow-net analysis of 
November 19, 2013 gauging data) superimposed on the CY2013 TCE concentration contour 
map.  As shown in Figure 20, NASA-1A is capturing and/or providing hydraulic containment of 
the TCE plume at the up-gradient edge of NASA’s Area of Responsibility.  However, at the 
leading edge of the plume, NASA-3A is only capturing or providing hydraulic control of a 
portion of the plume.  Additional discussion of NASA-3A is provided in Section 7.3. 
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 Figure 20 

TCE Concentration Contours and Capture Zones  
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3.0 OTHER ACTIVITIES 
 
3.1. Orion Park Plume 
 
The “Orion Park Plume” is located along NASA’S western property boundary and is named after 
the Navy’s former Orion Park Housing area (Figures 15 and 16).  A number of investigations in 
and around the former Orion Park Housing area have been conducted by NASA, the Navy, the 
Air Force, the Army, and the EPA.  The majority of the reports conclude that the main source of 
the plume lays up-gradient of the Housing area. The source of this VOC plume has not been 
identified. 
 
NASA installed an air sparge barrier along the NASA property boundary between May and 
August, 2008.  Continuous operation began on September 12, 2008.  Details of the air sparge 
system can be found in “Draft Boundary Treatment Zone, Air Sparge Barrier, Operation and 
Maintenance Plan” (TTEMI, 2008). 

 
3.2. Treated Effluent Reuse 
 
Previously, treated water from the MEW and NASA groundwater treatment systems was utilized 
in NASA’s Arc Jet Wind Tunnel cooling towers and boiler or discharged to Stevens Creek.  A 
pipeline was constructed in 1998 for diversion of treated groundwater through the onsite 
Industrial Waste Water Treatment Plant at N271 for treatment prior to reuse by the Arc Jet 
facility.  From CY2011 through CY2013, modifications were made to the Industrial Waste 
Water Treatment Plant, preventing the re-use of the treated groundwater.  NASA anticipates that 
upon completion of the modifications reuse will resume in CY2014. 
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4.0 PROBLEMS ENCOUNTERED 
 
Sections 2.2.4 and 2.2.5 summarize the operating efficiency and non-routine O&M events that 
occurred at NASA’s GWTS during CY2013.  No other problems related to the operation or 
performance of the GWTS were encountered. 
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5.0 TECHNICAL ASSESSMENT 
 
The following assessment of the groundwater remedy performance was made based on data 
collected through CY2013. 

 
5.1. Remedy Functionality 
 
NASA-1A and NASA-3A are functioning as designed in that they are both providing adequate 
horizontal and vertical capture of their targeted known/suspected source areas.  While NASA-1A 
is also providing hydraulic containment of the Regional portion of the plume, NASA-3A is not. 
 
Figure 21 was created to show the relationship between the known/suspected sources areas, the 
depositional environment, the estimated capture zones, and the TCE plume boundary. 

 
5.2. Are Capture Zones Adequate? 
 
At NASA-1A, groundwater elevations, graphical flow net analysis, capture zone width 
calculations, and VOC concentration trends provide converging lines of evidence that the 
extraction well is achieving adequate horizontal and vertical capture and/or hydraulic 
containment of both the suspected source area and Regional Plume in the A1 aquifer. 
 
At NASA-3A, capture zone width calculations and VOC concentration trends indicate that the 
extraction well is achieving adequate horizontal and vertical capture of the former Navy Site 8 
North source area.  However, groundwater elevations, graphical flow net analysis, capture zone 
width calculations, and VOC concentration trends suggest that the Regional portion of the plume 
is not being captured or hydraulically contained.  Additional discussion regarding NASA-3A is 
provided in Section 7.3. 

 
5.3. Are Concentrations Decreasing Over Time? 
 
Mann-Kendall trend analysis indicates that TCE concentrations are decreasing or stable in 94% 
of the evaluated wells in NASA’s Area of Responsibility.  Approximately 33% of the wells 
display decreasing TCE concentrations and 61% are stable.  Cis-1,2-DCE concentrations are 
decreasing or stable in 94% of the wells.  Approximately 50% of the wells display decreasing 
cis-1,2-DCE concentrations and 44% are stable. 
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Figure 21 
Capture Zone Physical Environment Map 
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6.0 OPTIMIZATION PROGRESS 
 
6.1. Existing Network Optimization 
 
With the replacement of the pump at NASA-1A in March 2013, the mass removal at this location 
has been maximized.  After operating at 9.9 gpm for approximately 5 months, maximum 
drawdown of 24 feet was achieved in this well.  The pump rate was reduced to 9.5 gpm to 
prevent the groundwater level from dropping below the pump head.  At the current pumping rate, 
groundwater elevations, graphical flow net analysis, capture zone width calculations, and VOC 
concentration trends provide converging lines of evidence that the extraction well is achieving 
adequate horizontal and vertical capture and/or hydraulic containment of both the suspected 
source area and Regional Plume in the A1 aquifer. 
 
Pumping at NASA-3A has been limited to between 4.7 and 5.0 gpm to maintain compliance with 
NASA’s current NPDES discharge limit of 15 gpm.  Based on evidence discussed in this Report, 
it appears NASA-3A is providing adequate capture and/or hydraulic containment of the up-
gradient Navy Site 8 North residual source area.  Because NASA-3A is located in a laterally and 
vertically extensive deposit of highly permeable sands and gravels, it is unlikely that increasing 
the extraction rate at NASA-3A would be sufficient to provide hydraulic containment of the 
Regional Plume in this area, especially considering the maximum capacity of the existing pump 
is 10 gpm.   

 
6.2. Future Optimization Efforts 
 
For CY2014, NASA plans to conduct the optimization efforts listed below.  Further discussion of 
these efforts is provided in Section 9.0. 
 

• Collect additional lithologic and chemical data from the A1 aquifer as part of NASA’s 
planned A2 aquifer groundwater investigation in the vicinity of NASA-1A and NASA-
2A.  

 
• Conduct reconnaissance sampling in the Navy Site 8 North area to provide additional 

data on the plume boundaries in this area. 
 

• Evaluate the suitability of monitored natural attenuation as a remedy in the northernmost 
area of the Regional Plume (Navy Site 8 North area, NASA-3A/NASA-4A).   

 
• Increase permitted discharge limit to 20 gpm under the renewed NPDES discharge permit 

for NASA’s treated groundwater discharge.   
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7.0 FACTORS IMPACTING THE REMEDY 
 
NASA has identified a number of issues that impact both the actual effectiveness of the remedy 
and the interpretation of remedy effectiveness.  These issues include incomplete capture and 
hydraulic control of up-gradient sources, the co-mingling of petroleum hydrocarbon and VOC 
groundwater plumes, and a potential additional source area near NASA-3A. 

 
7.1. Up-Gradient Source Control 
 
NASA reviewed existing data to evaluate the effectiveness of the up-gradient WATS and MEW 
extraction systems.  Based on discrepancies between mapped estimations of MEW and Navy 
capture zones, discrepancies between estimated groundwater capture efficiencies and observed 
field conditions, and lithologic logs and concentration-versus-time graphs of nearby wells, 
NASA concludes that contaminated groundwater containing both VOCs and fuels is by-passing 
these up-gradient extraction systems.  This is also supported by statements contained in EPA’s 5-
Year Reviews (EPA, 2004 & 2009).  The locations of the wells referenced below are shown on 
Figure 22. 
 
Potential continuing up-gradient sources impacting groundwater quality in NASA’s Area of 
Responsibility include: 
 
1. Regional VOC Plume – Portions of the Regional Plume by-passing capture in the Northern 

WATS area (EPA, 2004 & 2009). 
 

• It appears that WATS and/or MEW extraction wells are not capturing the western 
margin of the Regional VOC plume.  Concentrations of TCE and/or cis-1,2-DCE 
have been increasing in wells 14D09A, 14D13A, 14D28A, and 14E14A (Figures 23 
through 26, respectively) since the startup of the WATS and RGRP extraction 
systems.  

 
2. Building 88 (Former Navy Dry Cleaners) – PCE concentrations in groundwater are 

increasing in wells down-gradient of the Northern WATS area.  Building 88 is a potential 
source of this contamination (EPA, 2004). 

 
• PCE concentrations have been increasing in wells 14D28A and 14D36A (Figure 27).   

 
3. Navy Site 9 – Petroleum hydrocarbons, especially gasoline, appear to be migrating from Site 

9 and by-passing capture in the Northern WATS area. 
 

• NASA soil and groundwater investigations (ISSi, 2005 & 2006) down-gradient, up-
gradient, and across the N211 Aircraft Ramp indicated the presence of elevated 
concentrations of jet fuel and gasoline migrating down-gradient of the Northern 
WATS area across the N211 Aircraft Ramp. 
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Figure 22 
Well Locations with Increasing Concentration Trends 

(blue wells indicate increasing concentrations) 
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Figure 23 
Cis-1,2-DCE Concentration-versus-Time Graph, Well 14D09A 

 
 
 
  

   
Figure 24 

TCE and cis-1,2-DCE Concentration-versus-Time Graph, Well 14D13A  
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Figure 25 

TCE Concentration-versus-Time Graph, Well 14D28A 
 
 
 
 

 
Figure 26 

TCE and cis-1,2-DCE Concentration-versus-Time Graph, Well 14E14A 
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Figure 27 

PCE Concentration-versus-Time Graphs, Wells 14D28A and 14D36A 
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7.2. Co-Mingled VOC and Petroleum Plumes 
 
The introduction of petroleum hydrocarbons into a chlorinated solvent groundwater plume 
provides a number of chemical and biological pathways for enhanced degradation.  A number of 
petroleum hydrocarbon sources are present both up-gradient and within NASA’s Area of 
Responsibility, including NASA’s Areas of Investigation 1 and 3 and the Navy’s Site 9. 
 
The co-mingling of fuel and solvent plumes presents a number of challenges when interpreting 
chemical distribution maps.  The enhanced degradation can lead to non-detectable concentrations 
of the more highly chlorinated solvents (e.g. TCE) resulting in “holes” or “gaps” in iso-
concentration contour maps.  Conversely, the resultant elevated concentrations of degradation 
chemicals, such as vinyl chloride, can appear as “bulls-eyes” or source areas.  If these contouring 
features are not evaluated and addressed, a complete understanding of the hydrogeologic 
environment is not possible. 
 
These mapping issues can become especially problematic when evaluating the performance of 
remedial systems.  Declining TCE concentrations which are being attributed to successful 
hydraulic capture and containment may instead be caused by enhanced degradation by the fuel 
hydrocarbons.  Conversely, increasing vinyl chloride concentrations, which are being produced 
by the enhanced degradation of TCE, may be attributed to failed hydraulic capture and 
containment. 
 
To provide a more thorough evaluation of the extent of the Regional Plume, Figure 28 was 
created to present a summarized view of TCE, cis-1,2-DCE and vinyl chloride concentration 
contours in relation to historical petroleum hydrocarbon concentrations.  As shown on the map, 
the TCE boundary along the eastern margin of the plume has been highly impacted by the 
presence of petroleum hydrocarbons.  The vinyl chloride and cis-1,2-DCE contours extend 
beyond the TCE contour in this area, which is not observed in other areas of the plume.   
 
Also significant, the vinyl chloride and petroleum plumes indicate a contaminant flow pathway 
that is not apparent by solely evaluating the TCE and cis-1,2-DCE boundaries.  This illustrates 
the need to evaluate all of the contaminants of concern concurrently in order to gain a full 
understanding of plume distribution, groundwater and contaminant flow pathways, and remedial 
action effectiveness. 
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Figure 28 

VOCs and Petroleum Hydrocarbon Contours 
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7.3. Additional Site 8 Source 
 
During NASA’s Quarter 3, 2012 sampling event, additional non-routine wells were sampled in 
order to better define the 5.0 µg/L TCE boundary near the leading edge of the plume.  The 
detection of 49 µg/L of TCE in Navy well WSI-04A1, located approximately 300 feet west of 
NASA-3A, was incongruent with TCE concentrations in nearby wells.  Follow-up sampling of 
this well in Quarter 1, 2013 yielded a TCE concentration of 60 µg/L.   
 
The presence of 60 µg/L of TCE in Navy well WSI-04A1cannot be explained based on the 
current knowledge of source areas within Navy Site 8 North and the current flow conditions in 
the area.  Well WSI-04A1 is located approximately 150 feet cross-gradient of the previously 
excavated Site 8 North source area.  Navy well W08-08A1, which also contains TCE 
concentrations higher than anticipated, is located approximately 450 feet in a mostly cross-
gradient direction from the excavated source area.  These outlying concentrations suggest that a 
potential low-level source of TCE is present up-gradient of well WSI-04A1. 
 
In an effort to better explain the elevated concentration of TCE in well WSI-04A1, as well as 
down-gradient well W08-08A1, an alternative TCE plume map for the Navy Site 8 North area is 
presented in Figure 29.  Figure 29 shows a redefined margin of the Regional Plume, along with a 
plume emanating from the residual contamination at the previously excavated Site 8 North 
source area (adjacent to well 11M21A).  An estimation of a potential additional plume impacting 
wells WSI-04A1 and W08-08A1 is provided. 
 
Since NASA-3A is located approximately 110 feet down-gradient and down-channel of the 
former spill area, NASA believes that NASA-3A is capturing the majority of contaminated 
groundwater flowing through this area.  This is supported by flow budget calculations with 
respect to source area control.  However, because of the high hydraulic conductivity of the 
channel deposits in this area, only minor draw-down is observed in adjacent monitoring wells.  
The estimation of a capture zone based on flow-net analysis is therefore difficult to predict.  As 
previously discussed, NASA extraction wells NASA-3A and NASA-4A were not intended to 
address the larger Regional Plume mass migrating through this area. 
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Figure 29 
Site 8 North Alternative Plume Estimation  
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8.0 CONCLUSIONS 
 
During CY2013, the NASA GWTS removed a total of 4.25 pounds of total VOCs from 
7,764,941 gallons of groundwater.  The NASA Ames GWTS was operational for 97.8% of 
CY2013.  No significant problems related to the system operations were noted. 
 
NASA-1A and NASA-3A are functioning as designed in that they are both providing adequate 
horizontal and vertical capture of their targeted known/suspected source areas.  While NASA-1A 
is also providing hydraulic containment of the Regional portion of the plume, NASA-3A is not. 
 

• At NASA-1A, groundwater elevations, graphical flow net analysis, capture zone 
width calculations, and VOC concentration trends provide converging lines of 
evidence that the extraction well is achieving adequate horizontal and vertical capture 
and/or hydraulic containment of both the suspected source area and Regional Plume. 

 
• At NASA-3A, capture zone width calculations and VOC concentration trends 

indicate that the extraction well is achieving adequate horizontal and vertical capture 
of the Navy Site 8 North source area.  However, groundwater elevations, graphical 
flow net analysis, capture zone width calculations, and VOC concentration trends 
indicate that the Regional portion of the plume is not being captured or hydraulically 
contained.   

 
• Mann-Kendall trend analysis indicates that TCE concentrations are decreasing or 

stable in 94% of NASA’s RGRP wells.  Approximately 33% of the wells display 
decreasing TCE concentrations and 61% are stable.  TCE concentrations were shown 
to be increasing in well 11M17A.  Cis-1,2-DCE concentrations are decreasing or 
stable in 94% of NASA’s RGRP wells.  Approximately 50% of the wells display 
decreasing cis-1,2-DCE concentrations and 44% are stable. 

 
NASA has identified a number of issues that impact both the actual effectiveness of the remedy 
and the interpretation of remedy effectiveness.  These issues include: 
 

• The uncertainty of the extent of plume capture near REG-6A, REG-7A, EA1-4 and 
increasing levels of PCE, TCE and/or cis-1,2-DCE in down-gradient wells. 

 
• The uncertainty of the extent of plume capture near REG-6A, EA1-4 and EA1-5 

allowing the down-gradient migration of petroleum hydrocarbons. 
 

• The co-mingling of petroleum hydrocarbon and VOC groundwater plumes interfering 
with accurate plume boundary mapping and capture zone effectiveness evaluations. 

 
• The potential of additional plume sources being present near NASA-3A that are not 

being addressed by that extraction well. 
 

• The presence of the Regional Plume, which is not addressed by NASA-1A and 
NASA-3A that were specifically installed as source control wells. 
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9.0 RECOMMENDATIONS 
 
Based on the remedy assessment provided in this Annual Progress Report, as well as previous 
recommendations provided by the EPA in their 5-Year Reviews and other documents, NASA 
provides the following recommendations. 

 
9.1. Northernmost A2/B1 Aquifer Assessment 
 
In response to EPA’s request based on the recommendations provided in Final Grab-
Groundwater Assessment and Proposed Well Installations (Geosyntec, 2013), NASA will 
conduct an A2 aquifer groundwater investigation in the vicinity of A1 aquifer extraction wells 
NASA-1A and NASA-2A (Draft Work Plan for the Northernmost A2/B1-Aquifer Plume 
Definition Assessment, ERT, 2014b).  The objectives of the investigation are to: 
 

• Better define the A2/B1-aquifer channel boundaries. 
 
• Better define Volatile Organic Compound contamination in the A2/B1 aquifer. 
 
• Install one A2/B1-aquifer groundwater monitoring well at appropriate location within the 

northernmost area of the Regional Plume, and. 
 
• Evaluate the hydraulic containment and plume stability in this area. 

 
9.2. Existing Network Optimization 
 
As part of NASA’s planned A2 aquifer groundwater investigation in the vicinity of NASA-1A 
and NASA-2A (Draft Work Plan for the Northernmost A2/B1-Aquifer Plume Definition 
Assessment, ERT, 2014b), NASA plans to collect additional lithologic and chemical data from 
the A1 aquifer.  The data will be used to better define the plume and channel boundaries in the 
area and to verify the channel continuity between NASA-1A and NASA-2A.  A separate 
memorandum will be submitted to the Agencies that outlines NASA’s proposed data collection 
activities and sampling objectives regarding the A1 aquifer.   
 
During the A2 aquifer groundwater investigation mobilization, reconnaissance sampling will 
also be conducted in the Navy Site 8 North area to provide additional data on the plume 
boundaries in this area. 
 
For the recent NPDES discharge permit renewal for NASA’s treated groundwater discharge, 
NASA requested an increased permitted discharge limit of 20 gpm.  The increase will allow 
NASA-1A to operate at its maximum capacity of 10 gpm, while allowing for increased pumping 
at NASA-3A, if necessary.  The effective date for the increased discharge limit will be October 
1, 2014. 
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9.3. Monitored Natural Attenuation near Navy Site 8 North 
 
The hydrogeologic conditions and contaminant levels in the northernmost area of the plume near 
Navy Site 8 North create challenges to developing and applying a remedy that is expedient and 
cost efficient.  Some of the challenging conditions include: 
 

• Large lateral extent of the combined Regional and Navy Site 8 North plume. 
 

• Presence of relatively thick, high permeability sand and gravels. 
 

• Relatively low VOC concentrations (maximum TCE concentration of 60 µg/L) 
 

• Potential migration of contaminants from up-gradient sources. 
 
The combined effects of these conditions for the current remedy require the extraction, treatment 
and discharge of a large volume of groundwater to produce a marginal improvement in 
groundwater quality. 
 
Based on these challenges, NASA is currently collaborating with the RGRP to evaluate the 
suitability of applying monitored natural attenuation as a remedy in the Navy Site 8 North area 
(NASA-3A/NASA-4A).  Based upon the outcome of the suitability evaluation, NASA will 
prepare a Work Plan to address additional data needs related to geochemistry, plume definition, 
and geologic characterization. 

 
9.4. Groundwater Sampling Program Modifications 
 
Currently, NASA samples 13 wells for the RGRP monitoring program on a semi-annual basis in 
March and September.  During the September sampling event, NASA also samples five RGRP 
wells on behalf of the Parties.  In June of each year, NASA voluntarily samples seven non-RGRP 
wells to obtain additional data within and up-gradient of NASA’s Area of Responsibility.  
NASA’s two operating extraction wells are sampled quarterly.  Based on current and anticipated 
future data needs, NASA is proposing a modification to both the sampling frequency and the 
sampled well network. 
 
Annual sampling data from September/October is used by the RGRP for Regional Plume 
definition mapping and annual reporting purposes.  Since data collected by NASA during March 
and June is not used, NASA plans to eliminate these sampling events and proposes to change to 
annual sampling in September to align with the RGRP sampling protocol.  In addition, NASA 
proposes to modify its monitoring well network to produce data more useful in remedy 
assessment.  Modification to the well network will be based on the approach outlined below, the 
results of which will be submitted to the Agencies for review and approval prior to the 
September sampling event. 
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• Eliminate wells from the current semi-annual and annual well networks that are not 
critical for remedy assessment. 

 
• Eliminate wells that produce overlapping coverage from the combining of the semi-

annual and annual well networks. 
 

• Sample non-routine wells at critical locations to obtain current data and evaluate whether 
or not they should be added to the new network. 

 
• Add existing NASA A2/B1 wells to the new network. 

 
In addition, to align with the RGRP groundwater sampling methodology, NASA will be 
changing from the three well-volume purge method to the no-purge HydraSleeve method.  A 
number of wells will be sampled using both methods to provide data for comparative analysis.  
NASA is currently creating a Field Sampling Protocol (FSP) and Quality Assurance/Quality 
Control Plan (QAQCP) in association with the use of the HydraSleeve.  The FSP and QAQCP 
will be submitted to the Agencies prior to the September sampling event.  The results of the 
comparative analysis, along with NASA’s recommendations, will be provided to the Agencies 
subsequent to the sampling event. 
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10.0 UPCOMING CY2014 WORK AND PLANNED FUTURE ACTIVITIES 
 
NASA plans the following tasks for CY2014/2015: 
 

• Monthly GWTS NPDES influent and effluent sampling. 
 

• Quarterly GWTS NPDES reporting in April, July, October 2014 and January 2015. 
 

• Annual GWTS NPDES reporting in January 2015. 
 

• Annual groundwater sampling in September 2014. 
 

• Semi-annual site-wide groundwater level measurements in March and November 2014. 
 

• Conduct A2/B1 aquifer groundwater investigation as specified in approved revision of 
Draft Work Plan for the Northernmost A2/B1-Aquifer Plume Definition Assessment 
(ERT, 2014b) in Quarter 3, 2014. 

 
• Collect A1 aquifer lithologic and chemical data in the vicinity of NASA-1A and NASA-

2A as part of the A2/B1 aquifer groundwater investigation in Quarter 3, 2014. 
 

• Collect reconnaissance lithologic and chemical data in the vicinity of NASA-3A and 
WSI-04A1 for potential source and plume boundary evaluation during A2/B1 aquifer 
groundwater investigation mobilization in Quarter 3, 2014. 

 
• Complete suitability evaluation for monitored natural attenuation for the northernmost 

plume area (Navy Site 8 North) and submit implementation Work Plan in Quarter 3, 
2014. 
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1.0 INTRODUCTION 
 
The Environmental Management Division at National Aeronautics and Space Administration 
(NASA) Ames Research Center (NASA Ames) has requested Earth Resources Technology, 
Inc. (ERT) to prepare this 2013 Annual Report for the NASA Ames Groundwater Treatment 
System (GWTS) located at the corner of North Warehouse Road and H Lane at Moffett Field, 
California.  This Annual Report was prepared in accordance with the Self-Monitoring Program 
reporting requirements contained in the National Pollutant Discharge Elimination System 
(NPDES) Permit Number CAG912003, (VOC General Permit, Order R2-2009-0059, CIWQS 
Place Identification 243875) issued by the California Regional Water Quality Control Board 
(RWQCB) to NASA on December 3, 2009.  This Annual Report details the results of water 
quality analyses and operational data obtained from the NASA Ames GWTS during calendar 
year 2013 (CY2013).   

 
2.0 BACKGROUND 
 
Groundwater extracted from extraction wells NASA-1A and NASA-3A is pre-filtered by two 
25-micron bag filters operating in parallel, prior to passing through two 5,000-pound granulated 
activated carbon (GAC) vessels operating in series.  Treated groundwater is then discharged to 
Stevens Creek in accordance with the NPDES permit.  Figure 1 shows the locations of the 
treatment system outfall and discharge route to Stevens Creek. Figure 2 details the treatment 
process and influent and effluent sample points.  The construction of the NASA Ames GWTS 
was completed in August 2001 and operations began on September 10, 2001.  Groundwater 
extraction from wells NASA-2A and NASA-4A was suspended on April 18, 2009.   

 
3.0 SYSTEM OPERATIONAL STATUS, CALENDAR YEAR 2013 
 
The NASA GWTS was operational for 97.8% of CY2013.  During CY2013, the GWTS was 
fully operational (both extraction wells operating) for 96.3% of the year and was partially 
operational (only one extraction well operating) for 1.5% of the year.  The GWTS was not 
operating for 2.2% of CY2013.   
 
3.1 System-Wide Shutdowns 
 
During CY2013, the NASA Ames GWTS experienced several manual and automatic system-
wide shutdowns.  These shutdowns resulted from problems with electrical systems, faulty 
alarms and/or power disruptions.  Dates and durations of these shutdowns are detailed below in 
Table 1. 
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Table 1 
 

2013 NASA Ames GWTS 
System Shutdown Data 

 

Date(s) Duration 
(hours) Cause 

1/24/13 3 VDF Fault (NASA-1A only) 

2/10/13 – 2/11/13 16 VDF Fault (NASA-1A only) 

2/14/13 – 2/15/13 26 VDF Fault (NASA-1A only) 

2/15/13 – 2/19/13 81 Malfunctioning LDV Alarm 

2/22/13 – 2/25/13 60 Malfunctioning LDV Alarm 

2/25/13 – 2/26/13 7 Malfunctioning LDV Alarm 

3/3/13 – 3/4/13 18 Malfunctioning LDV Alarm 

3/11/13 2 Pump Replacement (NASA-1A only) 

3/25/13 3 Malfunctioning LDV Alarm (NASA-3A only) 

4/8/13 6 Low Flow Alarm (NASA-3A only) 

4/15/13 7 Low Flow Alarm (NASA-3A only) 

5/16/13 3 Low Flow Alarm (NASA-3A only) 

5/22/13 4 Low Flow Alarm (NASA-3A only) 

5/30/13 3 Low Flow Alarm (NASA-3A only) 

6/7/13 3 Low Flow Alarm (NASA-3A only) 

6/13/13 3 Low Flow Alarm (NASA-3A only) 

6/17/13 19 System Shutdown for Outfall Pipeline Realignment 

7/2/13 3 Low Flow Alarm (NASA-3A only) 

7/10/13 – 7/11/13 15 Low Flow Alarm (NASA-3A only) 

7/18/13 – 7/19/13 13 Low Flow Alarm (NASA-3A only) 

8/1/13 – 8/2/13 5 Low Flow Alarm (NASA-3A only) 

8/14/13 6 System Shutdown for Outfall Pipeline Realignment 

8/28/13 3 Low Flow Alarm (NASA-3A only) 

9/20/13 3 Low Flow Alarm (NASA-3A only) 

9/26/13 3 Low Flow Alarm (NASA-3A only) 

10/21/13 4 Low Flow Alarm (NASA-3A only) 

10/29/13 2 System Shutdown for GAC Replacement 

11/15/13 3 Low Flow Alarm (NASA-3A only) 

11/20/13 3 Low Flow Alarm (NASA-3A only) 
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3.2 Quarter 1, 2013 Pump Replacement 
 
On March 11, 2013, the pump at NASA-1A was replaced.  Over time, the pumping rate of 
NASA-1A had decreased from 10 gallons per minute (gpm) to 8.6 gpm due to deterioration of 
the pump.  The existing pump was replaced with a new pump of the same model and 
specifications.  NASA-1A was shut down for approximately two hours during the pump 
replacement. 
 
3.3 Quarter 4, 2013 Carbon Replacement 
 
On October 29, 2013 the granulated activated carbon (GAC) within vessel GAC-551 was 
replaced.  Vessel GAC-551 served as the secondary GAC vessel from May 22, 2012 to 
November 16, 2012 (6 months of service) and served as the primary GAC vessel from 
November 16, 2012 to October 29, 2013 (11 months of service).  A system shutdown of 
approximately two hours was required during the carbon replacement and associated system 
maintenance activities. 
 
3.4 Discharge Piping Realignment 
 
During the summer of CY2013, the NASA/MEW discharge pipeline to the Stevens Creek 
outfall was realigned to accommodate construction activities in NASA’s Bay View area.  The 
shutdown of NASA’s GWTS was required on June 17 and August 14, 2013 to allow the new 
pipeline to be tied into the reused portions of the existing pipeline.  The new alignment of the 
discharge pipeline is shown in Figure 1. 
 
3.5 Suspension of Pumping at NASA-2A and NASA-4A 
 
On April 28, 2009, after discussions with the US EPA and California Regional Water Quality 
Control Board, NASA suspended operation of extraction wells NASA-2A and NASA-4A.  As 
discussed in NASA’s “2008 Draft Regional Groundwater Remediation Program Progress 
Report,” the performance of these wells had been less than designed and anticipated.  In 
addition, groundwater extracted from NASA-4A had been below cleanup levels. 
 
The extraction rates from wells NASA-1A and NASA-3A were adjusted to maintain NASA’s 
15 gallons per minute (gpm) discharge limit.  NASA-1A is currently operating at 9.5 gpm and 
NASA-3A is operating at 5.5 gpm.   
 
3.6 VOC Mass Removal 
 
During CY2013, the NASA Ames GWTS removed a total of 4.25 pounds of Volatile Organic 
Compounds (VOCs) from 7,764,941 gallons of groundwater.  Table 2 summarizes the volume 
of groundwater and VOC mass removal for the NASA Ames GWTS.     
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Table 2 
 

2013 NASA Ames GWTS Flow  
and Mass Removal Data 

 

Month 
Total System 

Influent 
(gallons) 

Average 
Flow  
(gpd) 

Average 
Flow  
(gpm) 

Influent VOC 
Concentration 

(µg/L) 

Total VOC Mass 
Removed 
(pounds) 

January 673,291 21,719 15.08 87.15 0.49 

February 467,241 16,687 11.59 58.99 0.23 

March 675,532 21,791 15.13 67.54 0.38 

April 647,533 21,584 14.99 82.33 0.45 

May 671,617 21,665 15.05 67.93 0.38 

June 648,994 21,633 15.02 59.17 0.32 

July 671,023 21,645 15.03 54.04 0.30 

August 667,643 21,537 14.96 67.88 0.38 

September 650,329 21,678 15.05 68.63 0.37 

October 673,995 21,742 15.10 55.63 0.31 

November 648,548 21,618 15.01 68.56 0.37 

December 669,195 21,587 14.99 48.88 0.27 

Monthly 
Average 647,078 21,241 14.75 65.56 0.35 

Yearly Sum 7,764,941 --- --- --- 4.25 

 
gpd = gallons per day 
gpm = gallons per minute 
µg/L = micrograms per liter 
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4.0 WATER QUALITY ANALYSES 
 
The results of analyses of influent and effluent water samples collected from the NASA Ames 
GWTS during CY2013 are summarized in the following tables: 

• Table 3 – Volatile Organic Compound Analyses 

• Table 4 – Petroleum Hydrocarbon and Fuel-Related Compounds Analyses 

• Table 5 - Semi-Volatile Organic Compounds, Turbidity, and Cyanide Analyses 

• Table 6 – Priority Pollutant Metals Analyses 

• Table 7 – Static Percent Survival Aquatic Toxicity Screening Test 

• Table 8 - Temperature and pH Measurements 

• Table 9 – Standard Observations 
 
Laboratory-certified analytical reports can be found with the previously submitted Quarterly 
Reports.  The influent and effluent sample points are shown in Figure 2. 
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Table 3 
 

First Quarter 2013 NASA Ames GWTS 
Analytical Results - VOCs 

 

Sample 
Location 

Sample 
Date 

1,1-DCA 
(µg/L) 

1,1-DCE 
(µg/L) 

cis-1,2-DCE 
(µg/L) 

TCE       
(µg/L) 

Other VOCs  
(µg/L) 

NASA-I 1/23/13 3.1 9.6 22 41 

trans-1,2-DCE = 1.4 

Freon 11 = 4.2J 

Freon 113 = 5.1J 
Vinyl Chloride = 0.75 

NASA-E 1/23/13 ND ND ND ND ND 

NASA-I 2/26/13 1.4 4.2 19 31 

trans-1,2-DCE = 0.60J 

Freon 11 = 0.49J 
Freon 113 = 1.5J 

Vinyl Chloride = 0.80 

NASA-E 2/26/13 ND ND ND ND ND 

NASA-I 3/26/13 3.0 5.6 22 33 

trans-1,2-DCE = 0.71J 

Freon 11 = 0.45J 
Freon 113 = 2.0J 

Vinyl Chloride = 0.78 

NASA-E 3/26/13 ND ND ND ND ND 

  
NASA-I = Influent 
NASA-E = Effluent 
ND = Not Detected above applicable Laboratory Detection Limits 
µg/L = micrograms per liter 
1,1-DCA = 1,1-Dichloroethane 
1,1-DCE= 1,1-Dichloroethene 
cis-1,2-DCE = cis-1,2-Dichloroethene 
TCE = Trichloroethene 
Freon 11 = Trichlorofluoromethane  
Freon 113 = 1,1,2-trichloro-1,2,2-trifluoroethane 
trans-1,2-DCE = trans-1,2-Dichloroethene 
VOCs = Volatile Organic Compounds 
J = detected, but below the Report Limit; therefore, result is an estimated concentration 
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Table 3 (continued) 
 

Second Quarter 2013 NASA Ames GWTS 
Analytical Results - VOCs 

 
Sample 

Location 
Sample 

Date 
1,1-DCA 

(µg/L) 
1,1-DCE 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
TCE       

(µg/L) 
Other VOCs  

(µg/L) 

NASA-I 4/23/13 4.1 8.5 26 35 

trans-1,2-DCE = 1.5 

Freon 11 = 3.1J 
Freon 113 = 3.2J 

Vinyl Chloride = 0.93 

NASA-E 4/23/13 ND ND ND ND ND 

NASA-I 5/22/13 3.6 5.8 23 32 

trans-1,2-DCE = 0.66J 
Freon 11 = 0.39J 
Freon 113 = 1.9J 

Vinyl Chloride = 0.58 

NASA-E 5/22/13 ND ND ND ND ND 

NASA-I 6/26/13 2.7 4.5 17 32 

trans-1,2-DCE = 0.41J 

Freon 11 = 0.36J 
Freon 113 = 1.5J 

Vinyl Chloride = 0.70 

NASA-E 6/26/13 ND ND ND ND ND 

  
NASA-I = Influent 
NASA-E = Effluent 
ND = Not Detected above applicable Laboratory Detection Limits 
µg/L = micrograms per liter 
1,1-DCA = 1,1-Dichloroethane 
1,1-DCE= 1,1-Dichloroethene 
cis-1,2-DCE = cis-1,2-Dichloroethene 
TCE = Trichloroethene 
Freon 11 = Trichlorofluoromethane  
Freon 113 = 1,1,2-trichloro-1,2,2-trifluoroethane 
trans-1,2-DCE = trans-1,2-Dichloroethene 
VOCs = Volatile Organic Compounds 
J = detected, but below the Report Limit; therefore, result is an estimated concentration 
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Table 3 (continued) 
 

Third Quarter 2013 NASA Ames GWTS 
Analytical Results - VOCs 

 
Sample 

Location 
Sample 

Date 
1,1-DCA 

(µg/L) 
1,1-DCE 

(µg/L) 
cis-1,2-DCE 

(µg/L) 
TCE       

(µg/L) 
Other VOCs  

(µg/L) 

NASA-I 7/24/13 1.6 4.0 19 28 Freon 11 = 1.0J 
Vinyl Chloride = 0.44J 

NASA-E 7/24/13 ND ND ND ND ND 

NASA-I 8/21/13 3.4 6.0 23 30 

1,1,1-TCA = 0.50J  
trans-1,2-DCE = 0.88J 

Freon 11 = 1.7J 
Freon 113 = 1.6J 

Vinyl Chloride = 0.80 

NASA-E 8/21/13 ND ND ND ND ND 

NASA-I 9/26/13 3.9 6.2 24 31 

trans-1,2-DCE = 0.67J 

Freon 11 = 0.50J 
Freon 113 = 1.7J 

Vinyl Chloride = 0.66 

NASA-E 9/26/13 ND ND ND ND ND 

  
NASA-I = Influent 
NASA-E = Effluent 
ND = Not Detected above applicable Laboratory Detection Limits 
µg/L = micrograms per liter 
1,1-DCA = 1,1-Dichloroethane 
1,1-DCE= 1,1-Dichloroethene 
cis-1,2-DCE = cis-1,2-Dichloroethene 
TCE = Trichloroethene 
1,1,1-TCA = 1,1,1 Trichloroethane 
Freon 11 = Trichlorofluoromethane  
Freon 113 = 1,1,2-trichloro-1,2,2-trifluoroethane 
trans-1,2-DCE = trans-1,2-Dichloroethene 
VOCs = Volatile Organic Compounds 
J = detected, but below the Report Limit; therefore, result is an estimated concentration 
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Table 3 (continued) 
 

Fourth Quarter 2013 NASA Ames GWTS  
Analytical Results - VOCs 

 

Sample 
Location 

Sample 
Date 

1,1-DCA 
(µg/L) 

1,1-DCE 
(µg/L) 

cis-1,2-DCE 
(µg/L) 

TCE       
(µg/L) 

Other VOCs             
(µg/L) 

NASA-I 10/21/13 3.0 4.7 19 26 

trans-1,2-DCE = 0.45J 
Freon 11 = 0.42J 
Freon 113 = 1.3J 

Vinyl Chloride = 0.76 

NASA-E 10/21/13 ND ND ND ND ND 

NASA-I 11/19/13 3.8 5.9 24 31 

trans-1,2-DCE = 0.61J 
Freon 11 = 0.55J 
Freon 113 = 1.6J 

Vinyl Chloride = 1.1 

NASA-E 11/19/13 ND ND ND ND ND 

NASA-I 12/16/13 2.4 4.4 15 26 Freon 113 = 0.54J 
Vinyl Chloride = 0.54 

NASA-E 12/16/13 ND ND ND ND Bromoform = 2.5 

  
NASA-I = Influent 
NASA-E = Effluent 
ND = Not Detected  
цg/l = micrograms per liter 
1,1-DCA = 1,1-Dichloroethane 
1,1-DCE= 1,1-Dichloroethene 
cis-1,2-DCE = cis-1,2-Dichloroethene 
TCE = Trichlororethene 
trans-1,2-DCE = trans-1,2-Dichloroethene 
Freon 11 = Trichlorofluoromethane  
Freon 113 = 1,1,2-trichloro-1,2,2-trifluoroethane  
VOCs = Volatile Organic Compounds 
J = detected, but below the Report Limit; therefore, result is an estimated concentration  
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Table 4 
 

2013 NASA Ames GWTS Analytical Results 
Petroleum Hydrocarbons and Fuel-Related Compounds 

 

Sample 
Location Sample Date 

Total Petroleum 
Hydrocarbons 

(µg/L) 

BTEX 
(µg/L) 

MTBE 
(µg/L) 

Fuel 
Oxygenates 

(µg/L) 
NASA-I 1/23/13 TPH-G = 22J ND ND --- 

 
NASA-E 1/23/13 ND ND ND --- 

NASA-I 2/26/13 TPH-G = 42J ND ND --- 

NASA-E 2/26/13 ND ND ND --- 

NASA-I 3/26/13 ND ND ND --- 

NASA-E 3/26/13 ND ND ND --- 

NASA-I 4/25/13 TPH-G = 39J ND ND --- 

NASA-E 4/25/13 ND ND ND --- 

NASA-I 5/22/13 TPH-G = 34J ND ND --- 

NASA-E 5/22/13 TPH-G = 34J ND ND --- 

NASA-I 6/26/13 TPH-G = 17J ND ND DIPE = 3.6 

NASA-E 6/26/13 ND ND ND ND 

NASA-I 7/24/13 TPH-G = 17J ND ND --- 

NASA-E 7/24/13 ND ND ND --- 

NASA-I 8/21/13 TPH-G = 34J ND ND --- 

NASA-E 8/21/13 TPH-G = 18J ND ND --- 

NASA-I 9/26/13 ND ND ND --- 

NASA-E 9/26/13 ND ND ND --- 

NASA-I 10/21/13 TPH-G = 20J ND ND --- 

NASA-E 10/21/13 ND ND ND --- 

NASA-I 11/19/13 TPH-G = 20J ND ND --- 

NASA-E 11/19/13 ND ND ND --- 

NASA-I 12/16/13 ND ND ND DIPE = 0.96J 

NASA-E 12/16/13 ND ND ND ND 
 

NASA-I = Influent 
NASA-E = Effluent 
ND = Not Detected 
-- = Analysis/analyses not required 
Total Petroleum Hydrocarbons includes motor oil, diesel, JP4/5/8, and gasoline 
BTEX = Benzene, Toluene, Ethylbenzene, Xylenes 
MTBE = Methyl Tertiary Butyl Ether 
Fuel Oxygenates = TAME, DIPE, ETBE, TBA, Ethanol, and Methanol 
DIPE =  Di-isoproply Ether 

J = detected, but below the Report Limit; therefore, result is an estimated concentration   
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Table 5 
 

2013 NASA Ames GWTS Analytical Results 
Semi-Volatile Organic Compounds, Turbidity, and Cyanide 

 
Sample 

Location Sample Date SVOCs 
(µg/L) 

1,4-Dioxane 
(μg/L) 

Cyanide 
(μg/L) 

Turbidity 
(NTU) 

NASA-I 1/23/13 ND --- --- --- 

NASA-E 1/23/13 DEHP = 1.6J --- --- --- 

NASA-I 2/26/13 ND --- --- --- 

NASA-E 2/26/13 ND --- --- --- 

NASA-I 3/26/13 ND ND --- --- 

NASA-E 3/26/13 ND ND --- --- 

NASA-I 9/26/13 ND ND --- --- 

NASA-E 9/26/13 ND ND --- --- 

NASA-I 12/16/13 --- --- --- --- 

NASE-E 12/16/13 --- --- ND ND 

 
NASA-I = Influent 
NASA-E = Effluent 
SVOCs = Semi-Volatile Organic Compounds 
µg/L = micrograms per liter 
NTU = Nephelometric Turbidity Units 
ND = Not Detected above applicable Laboratory Detection Limits 
--- = Not Analyzed 
DEHP = Di(2-ethylhexyl)phthalate 
J = detected, but below the Report Limit; therefore, result is an estimated concentration 
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Table 6 
 

2013 NASA Ames GWTS Analytical Results 
Priority Pollutant Metals 

 
Sample 

Location 
Sample 

Date 
Antimony 

(µg/L) 
Arsenic 
(µg/L) 

Copper 
(µg/L) 

Zinc 
(µg/L) 

Other PP Metals 
(µg/L) 

NASA-E 12/16/13 1.2J 1.9 0.30J 1.3J ND 
 

NASA-E = Effluent 
µg/L = micrograms per liter 
PP Metals = Antimony, Arsenic, Beryllium, Cadmium, Chromium, Copper, Lead, Mercury, Nickel, Selenium, Silver, Thallium, and Zinc 
ND = Not Detected above applicable Laboratory Detection Limits 
 J = detected, but below the Report Limit; therefore, result is an estimated concentration 

 
 
 

Table 7 
 

2013 NASA Ames GWTS Analytical Results 
Static Percent Survival Aquatic Toxicity Screening 

 

Static % Survival Aquatic Toxicity Screening (Rainbow Trout) 

NASA-E-121613 (12/16/2013) 

Parameter Result A Result B 

96-Hour % Survival 100% 100% 

Dissolved Oxygen 8.54 mg/L 8.46 mg/L 

pH 7.59 standard units 7.61 standard units 

Chlorine ND ND 

Conductivity 815.9 μS/cm 819.1 μS/cm 

Temperature 12.5° C 12.5° C 

Alkalinity 479.76 mg/L as CaCO3 534.88 mg/L as CaCO3 

Hardness 817 mg/L as CaCO3 842 mg/L as CaCO3 

 
NASA-E = Effluent 
mg/L = milligrams per liter 
μS/cm = micro Siemens per centimeter 
°C = degrees Celsius 
ND = Not Detected above applicable Laboratory Detection Limits 

  



 
NASA Ames Research Center  NASA GWTS NDPES 
Environmental Management Division 13 2013 Annual Report 

Table 8 
 

2013 NASA Ames GWTS Monitoring Data 
Temperature and pH 

 

Sample Location Sample Date Temperature   
(oC) 

pH           
(Standard Units) 

NASA-I 1/23/13 17.1 7.35 

NASA-E 1/23/13 16.0 7.28 

NASA-I 2/26/13 16.8 7.27 

NASA-E 2/26/13 14.1 7.24 

NASA-I 3/26/13 17.3 7.24 

NASA-E 3/26/13 15.6 7.24 

NASA-I 4/23/13 17.9 7.31 

NASA-E 4/23/13 17.8 7.30 

NASA-I 5/22/13 17.9 7.30 

NASA-E 5/22/13 16.7 7.36 

NASA-I 6/26/13 18.9 7.25 

NASA-E 6/26/13 19.0 7.30 

NASA-I 7/24/13 19.2 7.28 

NASA-E 7/24/13 19.1 7.30 

NASA-I 8/21/13 19.4 7.31 

NASA-E 8/21/13 18.9 7.33 

NASA-I 9/26/13 19.2 7.28 

NASA-E 9/26/13 17.2 7.32 

NASA-I 10/21/13 19.2 7.26 

NASA-E 10/21/13 17.6 7.29 

NASA-I 11/19/13 18.6 7.25 

NASA-E 11/19/13 17.2 7.31 

NASA-I 12/16/13 17.8 7.31 

NASA-E 12/16/13 15.8 7.36 
 

NASA-I = Influent 
NASA-E = Effluent 
oC = degrees Celsius  
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Table 9 
 

2013 NASA Ames GWTS Monitoring Data 
Standard Observations 

 

Sample 
Location 

Sample 
Date 

Floating/ 
Suspended 
Material  

Deposits, 
Discoloration 

and/or Plugging 

Prevention of 
Overflow or 

Bypass 
Odor 

NASA-I 1/23/13 -- -- -- No 

NASA-E 1/23/13 No No OK No 

NASA-I 2/26/13 -- -- -- No 

NASA-E 2/26/13 No No OK No 

NASA-I 3/26/13 -- -- -- No 

NASA-E 3/26/13 No No OK No 

NASA-I 4/23/13 -- -- -- No 

NASA-E 4/23/13 No No OK No 

NASA-I 5/22/13 -- -- -- No 

NASA-E 5/22/13 No No OK No 

NASA-I 6/26/13 -- -- -- No 

NASA-E 6/26/13 No No OK No 

NASA-I 7/24/13 -- -- -- No 

NASA-E 7/24/13 No No OK No 

NASA-I 8/21/13 -- -- -- No 

NASA-E 8/21/13 No No OK No 

NASA-I 9/26/13 -- -- -- No 

NASA-E 9/26/13 No No OK No 

NASA-I 10/21/13 -- -- -- No 

NASA-E 10/21/13 No No OK No 

NASA-I 11/19/13 -- -- -- No 

NASA-E 11/19/13 No No OK No 

NASA-I 12/16/13 -- -- -- No 

NASA-E 12/16/13 No No OK No 
 

NASA-I = Influent 
NASA-E = Effluent 
-- = Observation not required  
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5.0 DISCUSSION 
 
5.1 Effluent Sample Detections 
 
5.1.1 December 2012 DEHP Trigger-Level Exceedance Follow-Up Sampling 
 
On the December 11, 2012  sampling event, Di(2-ethylhexyl)phthalate (DEHP) was detected at 
an estimated concentration (“J” value) of 2.6 µg/L in the effluent sample.  DEHP was detected 
in the influent sample at an estimated concentration (“J” value) of 2.0 µg/L.  The trigger level 
for DEHP is 1.8 µg/L. 
 
DEHP is principally used as a plasticizer in the production of flexible PVC products.  DEPH is 
present in plastic products such as wall coverings, floor tiles, garden hoses, rainwear, 
packaging films, wire and cable sheathing, and medical tubing.  Laboratory contamination is a 
significant issue for the detection and quantification of low levels of DEHP because of the 
presence of this compound as a contaminant in almost all laboratory equipment and reagents.  
Plastics, glassware, aluminum foil, cork, rubber, glass wool, Teflon sheets, and solvents have 
all been found to be contaminated. 
 
Pursuant to Provision VI C.6 of the 2009 NPDES Permit, three additional samples of the 
influent and effluent were collected and analyzed for Semi-Volatile Organic Compounds 
during the First Quarter, 2013.   
 
On the January 23, 2013 sampling event, DEHP was detected in the effluent sample at an 
estimated concentration (“J” value) of 1.6 µg/L.  DEHP was not detected in the influent sample 
(Method Detection Limit = 1.4 µg/L).  The trigger level for DEHP is 1.8 µg/L.  Influent and 
effluent samples collected during the February and March sampling events did not contain 
detectable concentrations of DEHP. 
 
In addition, no other SVOCs (EPA 8270C) were detected in the January, February, and March 
influent and effluent samples.  1,4-Dioxane, which was included in the March SVOC analyte 
suite, was also not present at detectable concentrations. 
 
Based on the results of the follow-up sampling, no additional action was required. 
 
5.1.2   Sample Identification Error for April Sampling Event 
 
An electronic copy of the previous month’s Chain-of-Custody form was mistakenly used for 
the April 23, 2013 sampling event.  While the date and time of the sampling event was 
correctly updated on the Chain-of-Custody, the sample identifications were not updated (suffix 
of “032613”).   
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5.1.3 TPH-G Detection in May Effluent Sample 
 
On the May 22, 2013 sampling event, Total Petroleum Hydrocarbons as Gasoline (TPH-G) was 
detected at an estimated concentration (“J” value) of 34 µg/L in the effluent sample.  TPH-G 
also was detected in the influent sample at an estimated concentration (“J” value) of 34 µg/L.  
The trigger level for TPH-G is 50 µg/L.  No further action was required. 
 
5.1.4 TPH-G Detection in August Effluent Sample 
 
On the August 21, 2013 sampling event, Total Petroleum Hydrocarbons as Gasoline (TPH-G) 
was detected at an estimated concentration (“J” value) of 18 µg/L in the effluent sample.  TPH-
G also was detected in the influent sample at an estimated concentration (“J” value) of 34 µg/L.  
The trigger level for TPH-G is 50 µg/L.  No further action was required. 
 
5.1.5 Bromoform Detection in December Effluent Sample 
 
On the December 16, 2013 sampling event, bromoform was detected at a concentration of 2.5 
µg/L in the effluent sample.   Bromoform was not detected in the influent sample or the sample 
collected between the two carbon vessels.  Historically, bromoform is not detected in samples 
detected during NASA’s groundwater sampling events.  The trigger level for bromoform is 4.3 
µg/L.  No further action was required. 
 
5.1.6 Priority Pollutant Metals Detections in December Effluent Sample 
 
On the December 16, 2013 sampling event, four Priority Pollutant Metals were detected in the 
effluent sample. 
 

• Antimony was detected at an estimated concentration (“J” value) of 1.2 µg/L.  The 
trigger level for antimony is 6.0 µg/L.   

 
• Arsenic was detected at a concentration of 1.9 µg/L.  The trigger level for arsenic is 10 

µg/L. 
 

• Copper was detected at an estimated concentration (“J” value) of 0.30 µg/L.  The trigger 
level for copper is 4.7 µg/L. 

 
• Zinc was detected at an estimated concentration (“J” value) of 1.3 µg/L.  The trigger 

level for zinc is 86 µg/L. 
 
No further action was required. 
 
5.2 Treated Groundwater Reuse 
 
None of NASA’s treated groundwater was reused during this reporting period.  NASA 
anticipates that upon completion of modifications to NASA’s Industrial Wastewater Pre-
Treatment Facility, reuse will resume in 2014. 
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6.0 CONCLUSIONS 
 
Data presented in Tables 1 through 9 indicate that the NASA Ames GWTS was in compliance 
with the effluent discharge limitations set forth in the December 3, 2009 NPDES permit during 
CY2013.   
 







 

 

 

 

 

APPENDIX B 

2013 NASA DEPTH-TO-WATER MEASUREMENTS 



 2013 Groundwater Elevations

Well Date
Measuring Point 

Elevation                   
(ft MSL)

Depth to Water 
(ft)

Water Elevation 
(ft MSL)

10B01A 3/21/2013 5.85 7.36 -1.51
10B01A 9/19/2013 5.85 9.49 -3.64
10B04A 3/21/2013 1.76 3.59 -1.83
10B04A 9/19/2013 1.76 5.17 -3.41
10G04A 3/21/2013 3.59 5.18 -1.59
10G04A 9/19/2013 3.59 6.54 -2.95
10H01A 3/21/2013 5.16 6.78 -1.62
10H01A 9/19/2013 5.16 8.45 -3.29
10H02A 3/21/2013 2.26 3.80 -1.54
10H02A 9/19/2013 2.26 5.92 -3.66
10J04A 3/21/2013 3.89 4.07 -0.18
10J04A 9/19/2013 3.89 5.96 -2.07
10J05A 3/21/2013 6.34 5.90 0.44
10J05A 9/19/2013 6.34 7.36 -1.02
10J09A 3/21/2013 3.70 5.10 -1.40
10J09A 9/19/2013 3.70 6.21 -2.51
10Q08A 3/21/2013 6.54 4.28 2.26
10Q08A 9/19/2013 6.54 5.52 1.02
10R07A2 3/21/2013 10.70 8.13 2.57
10R07A2 9/19/2013 10.70 9.23 1.47
10R09A 3/21/2013 8.78 7.23 1.55
10R09A 9/19/2013 8.78 8.90 -0.12
10R10A 3/21/2013 9.15 6.77 2.38
10R10A 9/19/2013 9.15 7.88 1.27
10R11A 3/21/2013 9.25 7.68 1.57
10R11A 9/19/2013 9.25 8.90 0.35
11E02A 3/21/2013 4.76 6.68 -1.92
11E02A 9/19/2013 4.76 7.86 -3.10
11M02A 3/21/2013 4.27 4.75 -0.48
11M02A 9/19/2013 4.27 6.13 -1.86
11M03A 3/21/2013 6.51 7.55 -1.04
11M03A 9/19/2013 6.51 8.62 -2.11



 2013 Groundwater Elevations

Well Date
Measuring Point 

Elevation                   
(ft MSL)

Depth to Water 
(ft)

Water Elevation 
(ft MSL)

11M07A 3/21/2013 5.86 6.08 -0.22
11M07A 9/19/2013 5.86 7.20 -1.34
11M14A1 3/21/2013 8.26 8.68 -0.42
11M14A1 9/19/2013 8.26 9.67 -1.41
11M16A1 3/21/2013 8.79 9.50 -0.71
11M16A1 9/19/2013 8.79 10.36 -1.57
11M17A 3/21/2013 4.16 4.58 -0.42
11M17A 9/19/2013 4.16 5.70 -1.54
11M18A1 3/21/2013 3.72 4.26 -0.54
11M18A1 9/19/2013 3.72 5.40 -1.68
11M21A 3/21/2013 7.10 7.23 -0.13
11M21A 9/19/2013 7.10 8.35 -1.25
11N21A1 3/21/2013 6.14 6.03 0.11
11N21A1 9/19/2013 6.14 6.98 -0.84
11N22A1 3/21/2013 10.75 10.07 0.68
11N22A1 9/19/2013 10.75 11.20 -0.45
11N27A 3/21/2013 12.25 10.57 1.68
11N27A 9/19/2013 12.25 11.85 0.40
12L03A 3/21/2013 10.62 12.74 -2.12
12L03A 9/19/2013 10.62 13.81 -3.19
14C06A 3/21/2013 15.02 9.95 5.07
14C06A 9/19/2013 15.02 10.74 4.28
14C15A 3/21/2013 13.39 7.25 6.14
14C15A 9/19/2013 13.39 8.13 5.26
14C33A 3/21/2013 13.55 8.59 4.96
14C33A 9/19/2013 13.55 9.34 4.21
14C40A 3/21/2013 11.49 7.31 4.18
14C40A 9/19/2013 11.49 8.20 3.29
14C60A 3/21/2013 10.27 7.71 2.56
14C60A 9/19/2013 10.27 8.71 1.56
14D02A 3/21/2013 10.15 6.09 4.06
14D02A 9/19/2013 10.15 7.24 2.91



 2013 Groundwater Elevations

Well Date
Measuring Point 

Elevation                  
(ft MSL)

Depth to Water 
(ft)

Water Elevation 
(ft MSL)

14D05A 3/21/2013 14.68 6.02 8.66
14D05A 9/19/2013 14.68 6.55 8.13
14D09A 3/21/2013 15.81 8.64 7.17
14D09A 9/19/2013 15.81 9.62 6.19
14D12A 3/21/2013 14.78 8.52 6.26
14D12A 9/19/2013 14.78 9.57 5.21
14D13A 3/21/2013 13.19 6.29 6.90
14D24A 3/21/2013 8.29 11.90 -3.61
14D24A 9/19/2013 8.29 13.73 -5.44
14D25A2 3/21/2013 8.30 5.58 2.72
14D25A2 9/19/2013 8.30 6.68 1.62
14D26A1 3/21/2013 8.35 15.28 -6.93
14D26A1 9/19/2013 8.35 17.26 -8.91
14D29A 3/21/2013 13.93 8.03 5.90
14D29A 9/19/2013 13.93 8.90 5.03
14D31A2 3/21/2013 8.02 5.68 2.34
14D31A2 9/19/2013 8.02 6.78 1.24
14D33A 3/21/2013 10.00 6.44 3.56
14D33A 9/19/2013 10.00 7.56 2.44
14D35A 3/21/2013 9.29 5.99 3.30
14D35A 9/19/2013 9.29 7.11 2.18
14D36A 3/21/2013 12.05 6.94 5.11
14D36A 9/19/2013 12.05 8.05 4.00
14D37A 3/21/2013 8.19 5.28 2.91
14D37A 9/19/2013 8.19 6.41 1.78
14D39A 3/21/2013 12.51 8.10 4.41
14E14A 3/21/2013 21.64 10.59 11.05
14E14A 9/19/2013 21.64 11.10 10.54
15A01A 3/21/2013 15.36 9.79 5.57
15A01A 9/19/2013 15.36 10.88 4.48
15A02A 3/21/2013 17.14 6.39 10.75
15A02A 9/19/2013 17.14 7.13 10.01



 2013 Groundwater Elevations

Well Date
Measuring Point 

Elevation                      
(ft MSL)

Depth to Water 
(ft)

Water Elevation 
(ft MSL)

15A04A 3/21/2013 14.24 7.47 6.77
15A04A 9/19/2013 14.24 8.42 5.82
15A06A 3/21/2013 15.24 6.14 9.10
15A06A 9/19/2013 15.24 7.15 8.09
15A08A 3/21/2013 14.31 6.68 7.63
15A08A 9/19/2013 14.31 7.73 6.58
15A12A2 3/21/2013 16.94 7.31 9.63
15A12A2 9/19/2013 16.94 7.71 9.23
15A15A2 3/21/2013 12.35 8.55 3.80
15A15A2 9/19/2013 12.35 9.64 2.71
15A16A 3/21/2013 12.21 8.36 3.85
15A16A 9/19/2013 12.21 9.47 2.74
15A18A 3/21/2013 12.74 7.82 4.92
15A18A 9/19/2013 12.74 8.95 3.79
15B08A 3/21/2013 14.75 6.56 8.19
15B08A 9/19/2013 14.75 7.67 7.08
15B09A 3/21/2013 13.20 6.17 7.03
15B09A 9/19/2013 13.20 7.25 5.95
15B10A 3/21/2013 15.30 5.46 9.84
15B10A 9/19/2013 15.30 6.53 8.77
15B17A2 3/21/2013 14.83 5.47 9.36
15B17A2 9/19/2013 14.83 6.49 8.34
15B18A2 3/21/2013 15.20 5.44 9.76
15B18A2 9/19/2013 15.20 6.49 8.71
15H05A 3/21/2013 18.69 5.53 13.16
15H05A 9/19/2013 18.69 5.95 12.74
15H12A 3/21/2013 14.77 5.64 9.13
15H12A 9/19/2013 14.77 6.78 7.99
MCH-10LA 9/19/2013 22.71 7.15 15.56
MCH-11UA 9/19/2013 26.17 9.32 16.85
MCH-1UA 9/19/2013 34.73 11.21 23.52
MCH-2LA 9/19/2013 35.06 11.43 23.63



 2013 Groundwater Elevations

Well Date
Measuring Point 

Elevation                  
(ft MSL)

Depth to Water 
(ft)

Water Elevation 
(ft MSL)

MCH-3UA 9/19/2013 34.34 10.45 23.89
MCH-4LA 9/19/2013 33.13 8.78 24.35
MCH-5UA 9/19/2013 27.33 8.14 19.19
MCH-6LA 9/19/2013 30.40 13.14 17.26
MCH-7UA 9/19/2013 28.78 13.05 15.73
MCH-8LA 9/19/2013 28.44 12.90 15.54
MCH-9UA 9/19/2013 25.07 13.41 11.66
TANK1-E 3/21/2013 16.45 6.42 10.03
TANK1-E 9/19/2013 16.45 7.31 9.14
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APPENDIX D
2013 Groundwater Analytical Results

Volatile Organic Compounds

Well ID Date PCE 
(μg/L)

TCE 
(μg/L)

cis-1,2-DCE    
(μg/L)

trans-1,2-DCE 
(μg/L)

1,1-DCE 
(μg/L)

Vinyl chloride 
(μg/L)

1,1,1-TCA 
(μg/L)

1,1-DCA 
(μg/L)

Chloroform 
(μg/L)

Freon 11 
(μg/L)

Freon 113 
(μg/L)

11E02A 3/18/2013 <0.50 1.1 1.1 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11E02A 9/23/2013 1.0 1.5 1.3 <0.13 <0.092 <0.17 <0.18 0.45J <0.13 <0.20 <0.15

11M03A 3/18/2013 <0.50 11 0.62 <0.50 5.4 <0.50 <0.50 2.0 <0.50 0.84 1.9

11M03A 9/23/2013 <0.12 20 0.98 <0.13 6.9 <0.17 <0.18 2.4 0.58 1.1 2.3

11M14A1 6/17/2013 <0.12 8.4 2.2 <0.13 2.2 <0.17 <0.18 1.9 <0.13 0.66 <0.15

11M16A1 3/18/2013 <0.50 15 1.2 <0.50 <0.50 <0.50 <0.50 0.78 <0.50 <0.50 <0.50

11M16A1 9/23/2013 <0.12 14 1.3 0.45J 0.38J <0.17 <0.18 0.91 <0.13 <0.20 <0.15

11M17A 3/19/2013 <0.50 13 0.54 <0.50 3.2 <0.50 0.55 1.1 <0.50 0.70 1.0

11M17A 9/23/2013 <0.12 19 0.80 <0.13 4.9 <0.17 <0.18 1.7 0.36J 0.94 1.2

11M18A 6/18/2013 <0.12 9.4 1.2 <0.13 8.9 <0.17 0.81 2.5 <0.13 0.87 1.8

11M21A 3/19/2013 <0.12 9.2 2.5 <0.50 11 <0.50 <0.50 2.7 <0.50 1.1 1.6

11M21A 9/23/2013 <0.12 12 3.8 <0.13 16 <0.17 <0.18 4.8 <0.13 1.4 1.8

11M25A 3/18/2013 0.63 0.77 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11M25A 9/23/2013 1.5 0.84 0.30J <0.13 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

11N21A1 3/18/2013 <0.50 1.0 0.98 <0.50 <0.50 <0.50 <0.50 0.60 <0.50 <0.50 <0.50

11N21A1 9/23/2013 <0.12 1.0 1.1 <0.13 <0.092 <0.17 <0.18 0.86 <0.13 <0.20 <0.15

11N22A1 3/18/2013 <0.50 46 15 0.78 <0.50 <0.50 <0.50 1.4 <0.50 <0.50 0.99

11N22A1 9/23/2013 <0.12 61 18 0.95 0.59 0.34J <0.18 1.8 <0.13 <0.20 1.8

11N26A 3/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11N26A 9/24/2013 <0.12 <0.11 <0.15 <0.13 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

10Q08A 6/25/2013 <0.12 <0.11 9.1 <0.13 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

5.0 5.0 6.0 10 6.0 0.50 200 5.0 80* 150 1,200Cleanup Level



APPENDIX D
2013 Groundwater Analytical Results

Volatile Organic Compounds

Well ID Date PCE 
(μg/L)

TCE 
(μg/L)

cis-1,2-DCE    
(μg/L)

trans-1,2-DCE 
(μg/L)

1,1-DCE 
(μg/L)

Vinyl chloride 
(μg/L)

1,1,1-TCA 
(μg/L)

1,1-DCA 
(μg/L)

Chloroform 
(μg/L)

Freon 11 
(μg/L)

Freon 113 
(μg/L)

12L01A 6/25/2013 1.1 35 11 1.4 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

12L02A 6/25/2013 <0.12 <0.11 <0.15 <0.13 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

14C60A 6/18/2013 <0.12 <0.11 2.1 <0.13 <0.092 1.5 <0.18 <0.12 <0.13 <0.20 <0.15

14D02A 9/25/2013 <0.12 <0.11 0.72 <0.13 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

14D09A 9/25/2013 <0.12 52 37 0.41J 3.1 1.2 <0.18 2.5 <0.13 <0.20 0.75

14D13A 9/25/2013 <0.12 2.6 2.6 <0.13 <0.092 <0.17 <0.18 1.4 <0.13 <0.20 <0.15

14D24A 6/18/2013 <0.12 65 110 5.1 1.8 1.6 <0.18 4.7 <0.13 <0.20 <0.15

14D26A1 6/18/2013 <0.12 38 110 5.8 4.1 3.6 <0.18 7.8 <0.13 <0.20 <0.15

14D28A 6/18/2013 5.3 34 110 2.0 6.2 3.2 <0.18 8.0 0.72 <0.20 1.3

14D35A 6/18/2013 <0.12 0.69 2.9 1.1 <0.092 1.2 <0.18 3.6 <0.13 <0.20 <0.15

14D36A 3/21/2013 0.55 8.9 26 0.50 1.6 0.80 <0.50 3.0 <0.50 <0.50 <0.50

14D36A 9/25/2013 1.8 13 35 0.66 2.6 <0.17 <0.18 4.8 <0.13 <0.20 0.61

14D37A 3/18/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

14D37A 9/24/2013 <0.12 <0.11 0.41J <0.13 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

14E14A 9/23/2013 <0.12 5.4 8.6 <0.13 <0.092 <0.17 <0.18 <0.13 1.1 <0.20 <0.15

15A06A 6/17/2013 <0.12 2.3 <0.15 <0.13 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 2.6

15B02A 6/17/2013 <0.12 100 40 1.3 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

15B03A 6/17/2013 <0.12 110 38 1.1 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

15B06A 6/17/2013 <0.12 110 41 2.6 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

15H05A 9/23/2013 <0.12 0.43J 1.2 <0.13 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

15H12A 6/19/2013 <0.12 170 92 4.7 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

5.0 5.0 6.0 10 6.0 0.50 200 5.0 80* 150 1,200Cleanup Level



APPENDIX D
2013 Groundwater Analytical Results

Volatile Organic Compounds

Well ID Date PCE 
(μg/L)

TCE 
(μg/L)

cis-1,2-DCE    
(μg/L)

trans-1,2-DCE 
(μg/L)

1,1-DCE 
(μg/L)

Vinyl chloride 
(μg/L)

1,1,1-TCA 
(μg/L)

1,1-DCA 
(μg/L)

Chloroform 
(μg/L)

Freon 11 
(μg/L)

Freon 113 
(μg/L)

MW-AS3 6/19/2013 <0.12 41 17 <0.13 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

MW-AS4 6/19/2013 <0.12 160 99 7.7 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

MW-AS6 6/19/2013 <0.12 150 80 3.9 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

MW-AS8 6/19/2013 <0.12 260 180 6.3 0.50 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

MW-AS11 6/19/2013 <0.12 60 20 0.77 <0.092 <0.17 <0.18 <0.13 <0.13 <0.20 <0.15

NASA-1A 3/18/2013 <0.50 21 22 0.55 1.3 <0.50 <0.50 2.1 <0.50 <0.50 0.54

NASA-1A 6/18/2013 <0.12 67 85 1.9 5.9 2.1 <0.18 7.2 <0.13 <0.20 3.3

NASA-1A 9/24/2013 <0.12 38 32 0.81 2.5 <0.17 <0.18 3.2 <0.13 <0.50 1.6

NASA-1A 12/18/2013 <0.12 32 26 <0.13 3.0 0.97 <0.18 2.5 <0.13 <0.20 1.3

NASA-3A 3/19/2013 <0.50 11 1.1 <0.50 12 <0.50 1.6 3.7 <0.50 1.5 2.0

NASA-3A 6/18/2013 <0.12 18 3.5 <0.13 40 <0.17 2.8 13 1.1 3.2 5.0

NASA-3A 9/23/2013 <0.12 11 1.3 <0.13 16 <0.17 <0.18 5.5 0.54 1.7 2.2

NASA-3A 12/27/2013 <0.12 9.3 0.96 <0.13 19 <0.17 1.2 3.6 0.38J 2.0 2.1

PRB-29 6/19/2013 <0.12 110 46 2.9 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

PRB-30 6/19/2013 <0.12 130 69 3.1 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

PRB-31 6/19/2013 <0.12 140 87 2.2 <0.092 <0.17 <0.18 <0.12 <0.13 <0.20 <0.15

WSI-04A1 3/19/2013 <0.50 60 0.86 <0.50 2.6 <0.50 <0.50 1.2 <0.50 0.91 1.9

W08-08A1 3/18/2013 <0.50 10 <0.50 <0.50 0.85 <0.50 <0.50 0.77 <0.50 <0.50 <0.50

W08-08A1 9/23/2013 <0.12 12 0.39J <0.13 0.99 <0.17 <0.18 1.1 <0.13 <0.20 <0.15

5.0 5.0 6.0 10 6.0 0.50 200 5.0 80* 150 1,200

J = detected, but below the Report Limit; therefore, result is an estimated concentration

Cleanup Level



APPENDIX D
2013 Groundwater Analytical Results

Petroleum Hydrocarbons

Well ID Date TPH-MO 
(μg/L)

TPH-D 
(μg/L)

TPH-JP5/8 
(μg/L)

TPH-G 
(μg/L)

Benzene 
(μg/L)

Toluene 
(μg/L)

Ethylbenzene 
(μg/L)

Xylenes 
(μg/L)

11N26A 3/19/2013 <50 <50 770 270 1.5 <0.30 <0.30 1.5

11N26A 9/24/2013 <9.1 <2.1 420 290 0.99 <0.030 <0.040 <0.11

14C60A 6/18/2013 <9.1 <2.1 <20 350 <0.040 17 <0.040 <0.11

14D02A 9/25/2013 <9.1 <2.1 41J 240 <0.040 4.6 <0.040 <0.11

14D24A 6/19/2013 <9.1 <2.1 <20 34J <0.040 <0.030 <0.040 <0.11

14D28A 6/18/2013 <9.1 <2.1 <20 18J 0.45J <0.030 <0.040 <0.11

14D26A1 6/18/2013 <9.1 <2.1 <20 16J <0.040 <0.030 <0.040 <0.11

14D35A 6/18/2013 <9.1 35J <20 92 <0.040 2.4 <0.040 <0.11

14D36A 3/21/2013 <50 <50 <50 <50 <0.50 <0.50 <0.50 <1.0

14D36A 9/25/2013 <9.1 <2.1 <20 15J <0.040 <0.030 <0.040 <0.11

14D37A 3/18/2013 <50 <50 1,300 200 1.0 <0.30 <0.30 <0.50

14D37A 9/24/2013 <9.1 <2.1 790 210 <0.040 <0.030 <0.040 <0.11

15A11A 3/19/2013 <50 <50 310 73 <0.50 <0.50 <0.50 <1.0

15A11A 6/17/2013 NA 120 <20 79 <0.040 <0.030 <0.040 <0.11

15A11A 9/24/2013 <50 <50 210 120 <0.50 <0.50 <0.50 <1.0

15A11A 12/17/2013 <9.1 <2.1 370 100 0.26J 0.11J 0.17J 0.42J

NASA-1A 3/18/2013 <50 <50 <50 73 <0.30 <0.30 <0.30 <0.50

NASA-1A 6/19/2013 <9.1 <2.1 <20 24J <0.040 <0.030 <0.040 <0.11

NASA-1A 9/24/2013 <9.1 <2.1 <20 43J <0.040 <0.030 <0.040 <0.11

NASA-1A 12/18/2013 <9.1 <2.1 <20 24J <0.040 <0.030 <0.040 <0.11

TANK1-E 3/19/2013 <50 <50 <50 <50 <0.50 <0.50 <0.50 <1.0

TANK1-E 6/17/2013 <9.1 <2.1 <20 15J <0.040 <0.030 <0.040 <0.11

TANK1-E 9/24/2013 <50 <50 33J 28J <0.50 <0.50 <0.50 <1.0

TANK1-E 12/17/2013 <9.1 <2.1 <20 <10 <0.040 <0.030 <0.040 <0.11

640 700 700 50 1.0 150 300 1,750

J = detected, but below the Report Limit; therefore, result is an estimated concentration

Cleanup Level
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 APPENDIX E
2013 Concentration-versus-Time Graphs
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APPENDIX G 

MANN-KENDALL TREND ANALYSIS 



MANN-KENDALL TREND ANALYSIS 
 
Mann-Kendall trends were evaluated using the ProUCL 5.0 software developed by the EPA.  
Concentration trends were evaluated for TCE, cis-1,2-DCE, and vinyl chloride.  Trends were 
evaluated based on the period between December 2001 and December 2013, which coincides 
with NASA’s initiation of groundwater extraction. 
 
Results of the Mann-Kendall trend analysis were used to categorize the trend behavior of each 
compound at a well based on the following statistical criteria: 
 
 

Trend Mann-Kendall 
Statistic (MKS) 

Confidence in the 
Trend (CT) 

Coefficient of 
Variation (COV) 

Decreasing (D) <0 >95% N/A 

Probably Decreasing (PD) <0 90-95% N/A 

Stable (S) ≤0 <90% <1 

No Trend (NT) 
≤0 <90% ≥1 

>0 <90% N/A 

Probably Increasing (PI) >0 90-95% N/A 

Increasing (I) >0 >95% N/A 

Not Applicable (NA) --- --- --- 
 
 
The following assumptions were used in evaluating the data: 
 

• The designation of “ND” (Not Detect) was used when greater than 90% of the analytical 
results were below detection levels for a specific chemical in a specific well. 

 
• The designation “IQD” (Insufficient Quantifiable Data) was used when 50-90% of the 

analytical results were below detection levels for a specific chemical in a specific well. 
 

• When ND values were present in less than 50% of the analytical results for a specific 
chemical in a specific well, half of the Reporting Limit was used for statistical analysis 
purposes. 

 
 
Table G-1 provides a listing by well of the trend assignment generated by ProUCL for TCE, cis-
1,2-DCE, and vinyl chloride.   
 



Table G-1
Mann-Kendall Concentration Trends

Wells Within NASA's Area of Responsibility

Well Name TCE cis-1,2-DCE Vinyl Chloride
11E02A D D ND
11M03A S IQD ND
11M14A1 S PI ND
11M16A1 S S ND
11M17A I S ND
11M18A1 S S ND
11M21A D D ND
11M25A S ND ND
11N21A1 D D IQD
11N22A1 S D IQD
11N26A ND ND ND
14D24A S PD D
14D26A1 S S IQD
14D37A ND ND IQD
95A D D IQD
NASA-1A D D D
NASA-3A D D ND
W08-08A1 S IQD ND

Wells Up-Gradient of NASA's Area of Responsibility

Well Name TCE cis-1,2-DCE Vinyl Chloride
14C60A ND S D
14D02A ND S ND
14D09A S I I
14D13A I I ND
14D28A I S S
14D33A ND ND PI
14D35A IQD I S
14D36A D D S
14E14A I I ND
15H05A IQD S ND

Notes:
TCE = Trichloroethene I = Increasing
Cis-1,2-DCE = cis-1,2-Dichloroethene PI = Probably Increasing
ND = Not Detected D = Decreasing
IQD = Insufficient Quantifiable Data PD = Probably Decreasing
S = Stable
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