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EXECUTIVE SUMMARY 

This investigation report presents the results from the implementation of soil-vapor extraction (SVE) as a 
method for treating volatile organic compound (VOC) vapor plumes at Material Disposal Area (MDA) G, 
Technical Area 54, at Los Alamos National Laboratory. 

The results of the MDA G SVE pilot test indicate that SVE is an effective means for extracting vapor-
phase VOC contamination from higher permeability geologic units in the vadose zone beneath MDA G. 
Approximately 260 lb of VOCs was removed from the Tshirege Member of the Bandelier Tuff during an 
active 30-d extraction period. Low airflow conditions were observed in the Otowi Member of the Bandelier 
Tuff during a subsequent 30-d active extraction period. As a result of the low airflow conditions and the 
historically lower vapor-phase VOC concentrations, approximately 15 lb of VOCs was removed from this 
unit. 

Passive airflow monitoring conducted after the active extraction periods indicates that changes in 
barometric pressure result in airflow out of the Tshirege Member. Concentrations of vapor-phase VOCs 
were observed in the exhaled air, indicating that passive venting is capable of removing VOCs from the 
subsurface. Passive airflow out of the Otowi Member was not observed. 
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1.0 INTRODUCTION 

This report presents the results of the in situ soil-vapor extraction (SVE) pilot study conducted at Material 
Disposal Area (MDA) G in Technical Area 54 (TA-54) at the Los Alamos National Laboratory (LANL or the 
Laboratory) (Figure 1.0-1). The New Mexico Environment Department (NMED) requested that tests be 
conducted to evaluate SVE technology to use in treating subsurface volatile organic compound (VOC) 
vapor plumes beneath MDA G (NMED 2007, 098446, p. I-1). The MDA G SVE pilot study was conducted 
between May 29 and October 10, 2008, in accordance with the NMED-approved work plan (LANL 2008, 
102816; NMED 2008, 101884).  

The data from the pilot test will be used during the MDA G corrective measures implementation (CMI) 
process to evaluate the potential of SVE for remediating the MDA G vapor plumes and for controlling 
future potential releases from the MDA G source areas by minimizing diffusion into the vadose zone and 
by facilitating interphase mass transfer of the source term into the vapor phase. The Laboratory will use 
these data to simulate the movement of VOCs in the subsurface using the computer code Finite Element 
Heat and Mass (Zyvoloski et al. 1997, 070147) to replicate the venting tests, develop extraction rates 
over time, and estimate zones of influence for remediating the plumes. If SVE is a component of the 
remedy selected for MDA G, the modeling can also be used to design an SVE system. The final design 
criteria for SVE will be included in the CMI plan. 

Information on radioactive materials and radionuclides, including the results of sampling and analysis of 
radioactive constituents, is voluntarily provided to NMED in accordance with U.S. Department of Energy 
(DOE) policy. 

2.0 BACKGROUND 

2.1 Site History 

MDA G is located within Area G, a 63-acre fenced area located in the east-central portion of the 
Laboratory at TA-54 on Mesita del Buey (Figure 1.0-1). TA-54 has been the main waste storage and 
disposal facility for the Laboratory since the 1950s. MDA G consists of active and inactive disposal units 
and contains both surface and subsurface waste management units including 32 pits, 193 shafts, and 
4 trenches (Figure 2.1-1) with depths ranging from 10 ft to 65 ft below the original ground surface. 
Historically, MDA G was used for the disposal of low-level radioactive waste (LLW) and transuranic (TRU) 
radioactive waste, certain radioactively contaminated infectious waste, asbestos-contaminated material, 
organic chemical waste, polychlorinated biphenyls (PCBs), and the retrievable storage of TRU waste. 
Disposal of LLW continues at MDA G. The operational history of MDA G is summarized in the Resource 
Conservation and Recovery Act facility investigation (RFI) work plan for Operable Unit 1148 (LANL 1992, 
007669, pp. 5-179–5-200) and in the approved investigation work plan for MDA G (LANL 2004, 087833, 
Appendix B).  

2.2 Site Description and Geologic Setting 

The Laboratory lies between the Jemez Mountains and the Rio Grande on the Pajarito Plateau. The 
plateau is capped by the Bandelier Tuff, a thick sequence of ash-fall pyroclastics. Erosion of the tuff over 
time has created a series of canyons separating the narrow, finger-like mesas that comprise the 
Pajarito Plateau.  
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The pits, trenches, and shafts of MDA G are constructed in unit 2 (caprock) and unit 1 (subsurface) of the 
Tshirege Member of the Bandelier Tuff (consolidated tuff units). The regional aquifer is estimated to be at 
an average depth of approximately 930 ft below ground surface (bgs) at MDA G, based on data from 
wells in the vicinity and the predictions of the hydrogeologic conceptual model for the Pajarito Plateau 
(LANL 1998, 059599, Appendix H). The topography of Area G is relatively flat. Surface runoff from the 
site is controlled and discharges into drainages to the north towards Cañada del Buey and to the south 
towards Pajarito Canyon. Stormwater and sediment monitoring stations are distributed throughout the 
surface of Area G and in drainages leading to the canyons. 

The strata below MDA G are composed of nonwelded to moderately welded rhyolitic ash-flow and ash-fall 
tuffs interbedded within pumice beds. The rhyolitic units overlie a thick basalt unit, which, in turn, 
overlies a conglomerate formation. Figure 2.2-1 provides a schematic of the tuff stratigraphy. The 
three upper units make up the Tshirege Member of the Bandelier Tuff. Unit 2 (Qbt 2) and the upper 
portion of unit 1v (Qbt 1v) are fractured, and the fractures are often filled with calcite and/or clay. The 
Cerro Toledo interval (Qct) is made up of volcanoclastic sediments interbedded with minor pyroclastic 
flows. The Otowi Member (Qbo) of the Bandelier Tuff, a nonwelded to poorly welded unit that is not 
fractured, lies beneath the Cerro Toledo interval, and consists of nonwelded to poorly welded tuff with 
little evidence of fracturing (Reneau and Raymond 1995, 054709). The Cerros del Rio basalt lies beneath 
the tuff and makes up roughly 35% of the vadose zone. Characteristics of this unit vary widely, ranging 
from extremely dense with no effective porosity to highly fractured to very vesicular so as to appear foamy 
(Turin 1995, 070225). The saturated zone extends from the lower Cerros del Rio basalt into the 
underlying Puye Formation basalt. A complete summary of the site geology and geologic properties of 
Area G is provided in the approved MDA G investigation work plan (LANL 2004, 087624).  

Table 2.2-1 summarizes the geohydrologic and hydraulic properties for the stratigraphic layers and 
provides the bulk density, porosity, in situ permeability, moisture content by volume, percent saturation, 
saturated hydraulic conductivity, and an indication of the induration and fracturing of the various 
formations. Bulk permeability can be inferred from data collected in wells at the site (Lowry 1997, 
087818). Anemometry measurements from the site provide information on the bulk flow. These data show 
that the Qbt and Qct stratigraphic layers produced three-quarters of the total airflow from the boreholes. 
Subsequent discrete point permeability measurements confirmed the Cerro Toledo interval has a higher 
permeability (3 to 10 Darcies) than the other stratigraphic layers (0.2 to 0.9 Darcies). 

2.3 MDA G Vapor Plumes 

Three VOC vapor plume areas have been identified at MDA G (Figure 2.3-1). The results of ongoing 
pore-gas monitoring conducted at MDA G since 1985, the 2005 MDA G investigation (LANL 2005, 
090513), and the 2007 MDA G investigation (LANL 2007, 096110) indicate the highest VOC 
concentrations are beneath the eastern portions of MDA G in the vicinity of the shaft field west of Pits 2 
and 4. The dominant subsurface VOC vapor contaminant is 1,1,1-trichloroethane (TCA) in the eastern 
and central portion of MDA G; trichloroethene (TCE) is more dominant in the western portion of MDA G. 

Vertically, VOC concentrations are highest in the Tshirege Member of the Bandelier Tuff and decrease 
markedly in the underlying stratigraphic units. Concentrations of VOCs are lowest in the deepest unit 
sampled, the Cerros del Rio basalt. The MDA G investigation report (LANL 2005, 090513) and the 
addendum to the MDA G investigation report (LANL 2007, 096110) conclude that the nature and extent of 
the MDA G VOC plumes are defined. The most recent MDA G annual pore-gas monitoring report (LANL 
2007, 101771) further indicates that VOCs demonstrate decreasing or stable trends in concentrations at 
all locations and depths sampled periodically since 1985.  
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The VOC plume treated during the MDA G SVE pilot test is comprised primarily of TCA and TCE. Lesser 
amounts of 1,2-dichloroethane and Freon-11 are also present. The most consistent and prevalent VOC 
detected in pore-gas samples has been TCA, and it is the best indicator of the extent of the plume. The 
shallow-extraction phase of the MDA G pilot test targeted the shallower Tshirege Member, which has 
historically demonstrated the highest concentrations of TCA. The deep-extraction phase of the pilot test 
targeted the deeper Otowi Member, which historically has demonstrated lower concentrations of TCA 
than those observed in the Tshirege Member. 

3.0 SVE PILOT TEST METHODOLOGY 

The primary goal of the SVE pilot test was to evaluate the effectiveness of SVE and to determine whether 
SVE is a suitable alternative for remediating the MDA G vapor plumes. The pilot test provided information 
necessary to perform the following activities during the CMI process to evaluate SVE as a suitable 
remedial alternative: 

• Specifying system components such as vacuum blowers, pumps, effluent air treatment, piping, 
extraction, and monitoring boreholes 

• Verifying operating conditions such as extraction vacuum levels, airflow rates, radius of influence, 
and contaminant vapor concentrations 

• Estimating extraction rates and residual source-term management 

• Evaluating costs 

3.1 SVE Pilot Test Scope 

The MDA G SVE pilot test consisted of the following activities. 

• Two boreholes were drilled and configured specifically to be used as vapor-extraction boreholes. 
The shallow- and deep-extraction boreholes were configured to extract vapor from the Tshirege 
and Otowi Members of the Bandelier Tuff, respectively. 

• Existing borehole locations 54-01116, 54-01117, 54-24378, and 54-24388 were instrumented 
with pore-gas monitoring ports located in each geologic unit to facilitate pore-gas and differential-
pressure monitoring. 

• Pretest pore-gas and differential-pressure monitoring were conducted to establish baseline 
conditions. 

• Active extraction was first performed on the shallow vapor-extraction borehole for 30 d, followed 
by a 2-wk rebound monitoring period; active extraction was then performed at the deep-extraction 
borehole for 30 d after the 2-wk shallow test rebound period. 

• Following the active extraction tests at both extraction boreholes (and the shallow test rebound 
period), pore-gas and airflow monitoring were conducted at the shallow-extraction borehole for 
2 wk to evaluate the effectiveness of passive venting on the removal of vapor-phase VOCs from 
the subsurface; airflow monitoring was conducted only at the deep-extraction borehole during this 
period. 

• Discrete permeability testing was conducted in the extraction boreholes at 5 ft intervals to provide 
detailed permeability data for model calibration. Results of permeability testing are provided in 
Appendix C. 
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If SVE is selected as a component of the remedy selected for MDA G, analysis of the pilot study data will 
be used during the CMI process to determine the extraction rates necessary to meet cleanup objectives.  

3.2 SVE Pilot Test Summary 

One shallow and one deep-extraction borehole were installed at MDA G in the vicinity of the shaft field in 
the north-central portion of the site (Figure 3.2-1). Both boreholes were installed using the hollow-stem 
auger (HSA) drilling method.  

The shallow-extraction borehole was constructed to evaluate SVE in the Tshirege Member of the 
Bandelier Tuff. The borehole was cored and logged from the surface to a total depth (TD) of 182.5 ft bgs. 
The bottom of the shallow-extraction borehole was grouted up to a depth of 145 ft bgs to avoid short-
circuiting of air-flow through the more permeable Tsankawi Pumice Bed. The top of the borehole was 
completed with a 10-in.-diameter steel casing from the ground surface to 63 ft bgs, approximately 3 ft into 
the top of Qbt 1v of the Tshirege Member, resulting in an 82-ft extraction interval within the Tshirege 
Member of the Bandelier Tuff from 63 ft to145 ft bgs (Figure 3.2-2).  

The deep-extraction borehole was constructed to evaluate SVE in the Otowi Member of the Bandelier 
Tuff. The borehole was drilled to a TD of 185 ft bgs. The bottom of the deep-extraction borehole was 
grouted up to a depth of 177 ft bgs to ensure the extraction interval would not be affected by the more 
permeable Guaje Pumice Bed. The top of the borehole was completed with a 10-in.-diameter steel casing 
from the ground surface to 161 ft bgs, approximately 10 ft into the top of the Otowi Member, resulting in a 
16-ft extraction interval within the Otowi Member of the Bandelier Tuff from 161 ft to 177 ft bgs 
(Figure 3.2-3). 

Existing borehole locations 54-24878, 54-01116, 54-24388, and 54-01117 were constructed for pore-gas 
monitoring. The boreholes are located approximately 25 ft, 40 ft, 110 ft, and 125 ft, respectively, from the 
shallow-extraction borehole and approximately 27 ft, 50 ft, 115 ft, and 135 ft, respectively, from the deep-
extraction borehole (Figure 3.2-4). Each existing borehole was extended using an HSA drilled to refusal 
and then air-rotary drilled approximately 15 ft into the Cerros del Rio basalt. Once drilled, each monitoring 
borehole was completed with nine stainless-steel vapor-monitoring ports installed in 5-ft intervals of sand 
(2.5 ft of sand above and below the port). Each vapor-monitoring interval was sealed with 2.5 ft of 
hydrated bentonite chips on the bottom and top of the interval. Ports were installed in each borehole 
within Qbt 2 at approximately 22.5 ft and 42.5 ft bgs; within Unit Qbt 1v–u at approximately 66.5 ft bgs; 
within Qbt 1v–c at approximately 82.5 ft bgs; within Qbt 1g at approximately 97.5 ft and 132.5 ft bgs; 
within Qct at approximately 151.5 ft bgs; within Qbo at approximately 167.5 ft bgs; and within Tb 4 at 
approximately 190 ft bgs. Typical pore-gas monitoring well construction is shown in Figure 3.2-5. 

The SVE pilot system consisted of a 12-ft-long × 3-ft-wide skid-mounted Model 100 SCFM Blower 
Package system provided by Catalytic Combustion Corp. of Bloomer, WI. The system used a positive 
displacement blower driven by a 7.5-hp electric motor. Extracted vapor was first drawn through a 20-gal. 
vapor/liquid separator then was passed through a heat-exchanger set to maintain a temperature range of 
approximately 95° to 105°F. Extraction effluent was then discharged to two epoxy-lined steel canisters, 
plumbed in series, each containing 400 lb of granular active carbon (GAC). Effluent treated by the GAC 
canisters was then discharged from the second canister to the atmosphere through a 10-ft emission 
stack. 

Active soil-vapor extraction was performed in both the shallow- and the deep-extraction boreholes for a 
period of 30 d. Active extraction was first performed at the shallow-extraction borehole, followed by a 
2-wk rebound monitoring period at the pore-gas monitoring wells. Active extraction was then performed at 
the deep-extraction borehole following shallow rebound monitoring. During active extraction, a 
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Brüel & Kjær (B&K) 1302 photoacoustic multigas analyzer was used to monitor TCA, TCE, Freon, 
tetrachloroethylene (PCE), carbon dioxide, and water-vapor concentrations in both the pore-gas 
monitoring boreholes and in the vapor-extraction boreholes. Differential pressure readings (the difference 
between surface and subsurface pressures, measured in kilopascals [kPa]) were collected from the four 
pore-gas monitoring boreholes using a Dwyer Series 475 Mark III digital manometer. B&K pore-gas 
parameters were measured once each day (generally in the morning) at each of the pore-gas monitoring 
boreholes and every 3 min at the extraction borehole. B&K values measured at the extraction boreholes 
were recorded using a Campbell Scientific CS-23X data logger. Differential pressure readings were 
collected from each pore-gas monitoring borehole once in the morning and once in the afternoon. Data 
collected during the MDA G SVE pilot study are provided in Appendix B. 

During active extraction, total extraction airflow, vacuum, air temperature, and relative humidity were 
monitored at the extraction boreholes. Airflow was monitored using a Dwyer Series PE in-line orifice plate 
flow meter with a Dwyer Model 677-8 differential pressure transducer. The airflow rate was established by 
closing the SVE system’s dilution valve to the differential pressure corresponding with the desired flow 
rate and calculated per equations provided by Dwyer. The calculations provided by Dwyer incorporate 
differential pressure measured at the orifice plate and vacuum measured at the extraction wellhead. 
Temperature and relative humidity were collected using a Viasala HMP45AC humidity and temperature 
probe. Vacuum pressure at the top of the extraction boreholes was monitored using a 0 to 20 in.-Hg 
vacuum gauge. Airflow, vacuum, temperature, and relative humidity were recorded using a data logger. 

Pore-gas monitoring boreholes were monitored for VOCs and differential pressure after each extraction 
test to evaluate the near-field rebound of VOCs in those boreholes. Following the active deep-extraction 
test, both extraction boreholes were monitored for 2 wk to evaluate the effect of barometric pressure 
changes on passive airflow from the subsurface and the potential effectiveness of that airflow for 
removing VOCs from the subsurface vapor plumes. During passive airflow monitoring, a check valve was 
installed on each extraction borehole that allowed airflow out of the subsurface but prevented airflow into 
the subsurface. The check valves prevented airflow into the extraction wells that could potentially impact 
nearby vapor-phase VOC concentrations that might otherwise be observed in airflow out of the extraction 
wells. Because airflow into the subsurface was minimized during passive airflow monitoring and would not 
likely impact the rebound of VOC concentrations observed at the pore-gas monitoring wells, deep-
extraction rebound monitoring was conducted concurrently with the passive airflow monitoring. 

During passive airflow monitoring, the shallow-extraction borehole was monitored for VOCs, airflow, 
temperature, and relative humidity. Because low airflow conditions were observed in the deep-extraction 
borehole during active extraction (section 4.2), airflow out of the deeper formation (and associated VOCs) 
would be unlikely during the passive venting stage. Consequently, only airflow was monitored at the 
deep-extraction borehole during this same period. 

Treated effluent discharged from the GAC canisters were monitored between the two treatment vessels 
and from the emission stack using the B&K to ensure maximum GAC was used while maintaining 
compliance with VOC emission standards. To calculate total VOCs extracted, it was assumed that the 
VOCs monitored by the B&K multigas analyzer comprise approximately 80% of the mass of the plumes 
beneath MDA G. VOCs comprising this mass were based on concentrations of VOCs historically detected 
in the MDA G vapor plumes. The mass of VOCs extracted was calculated based on the average airflow 
(measured in standard cubic feet per minute [scfm]) and B&K values (parts per million by volume [ppmv]) 
recorded at the extraction boreholes. Treated effluent discharged from the GAC canisters was also 
monitored for tritium activity at the emissions stack using a PTM Model 1812 air sampler. Tritium 
monitoring was conducted approximately every 2 h during the first week of each active extraction test, 
then daily for the remainder of each active extraction test. 



MDA G SVE Pilot Test Report  

October 2008 6 EP2008-0557 

To evaluate whether tritium was present in the soil vapor extracted from the subsurface, two tritium 
samples were collected from the shallow-extraction borehole: one sample during active extraction and 
one sample following active extraction. One tritium sample was also collected from the deep-extraction 
borehole during active extraction. The results of tritium sampling are discussed in section 4.5.  

Condensate was not observed in the SVE system’s vapor/liquid separator at any time during either active 
extraction test. The lack of condensate corresponds with the historically low soil-moisture content values 
typically observed throughout MDA G.  

4.0 SVE PILOT TEST RESULTS 

Baseline monitoring of the extraction boreholes and the pore-gas monitoring boreholes occurred before 
active extraction, from May 29 to June 16, 2008. Active extraction in the shallow-extraction borehole 
occurred from July 8 to August 6, 2008. Shallow-extraction rebound was monitored from August 6 to 
August 25, 2008. Active extraction in the deep-extraction borehole took place from August 25 to 
September 24, 2008. Deep-extraction rebound was monitored from September 24 to October 8, 2008, 
concurrently with monitoring of passive airflow out of the subsurface.  

4.1 Baseline Monitoring 

The VOCs and differential pressure were monitored in the pore-gas monitoring boreholes before and after 
active extraction tests to establish baseline VOC and differential-pressure conditions. Baseline monitoring 
was conducted before the shallow-extraction test from May 29 to June 16, 2008, in borehole locations 
54-24388, 54-01116, and 54-23488; and from June 5 to June 12, 2008, in borehole location 54-01117. 
Following the shallow-extraction test and before the deep-extraction test, baseline VOC and differential-
pressure monitoring were conducted in all pore-gas monitoring borehole from August 8 to 
August 22, 2008. Following the deep-extraction test, baseline VOC and differential-pressure monitoring 
were conducted in all pore-gas monitoring borehole locations from September 25 to October 10, 2008.  

4.2 Shallow-Extraction Pilot Test 

Active extraction in the shallow-extraction borehole was conducted for 30 d between July 8 and 
August 6, 2008. The airflow rate for the test was initially set to approximately 97.5 scfm; the 
corresponding vacuum imparted on the extraction borehole was 3.9 in.-Hg. On August 3, 2008, after 
approximately 26 d of operation, the SVE system shut down because of a power interruption in Area G; 
extraction was restarted August 4, 2008, 27.15 d after the start of shallow extraction. The system shut 
down a second time because of a second interruption in power at 27.25 d; the system was restarted 
27.26 d after the start of shallow extraction. At 27.37 d, a power outage shut the system down; the system 
was restarted 27.97 d after the start of shallow extraction and continued to operate uninterrupted until 
30 d following the start of shallow extraction. B&K and manometer readings were collected from the four 
pore-gas monitoring boreholes to evaluate the radius of influence of the SVE system and to assess the 
overall impact of extraction on the VOC plume.  

During the shallow test, TCA concentrations peaked in the shallow-extraction well at approximately 
315 ppmv shortly after the start of the test and decreased to approximately 140 ppmv by the end of the 
30-d test. Based on VOC mass-removal calculations using the average airflow and B&K readings, 
approximately 260 lb of VOCs was removed during the shallow-extraction pilot test. Figure 4.2-1 shows 
TCA concentrations in the shallow-extraction well over time during the test period, and Figure 4.2-2 
shows the calculated cumulative VOCs removed during the pilot test. Both figures show TCA 
concentrations (Figure 4.2-1) and total VOCs (Figure 4.2-2) measured at the extraction well were affected 
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by the series of system shut downs. Five drums of spent carbon were generated during the shallow-
extraction test, characterized, and classified as LLW. 

Borehole 54-24378 

Borehole location 54-24378 is approximately 25 ft from the shallow-extraction borehole and was the 
closest monitoring point to the shallow-extraction borehole. Pore-gas monitoring ports are installed in 
borehole location 54-24378 at depths of 22.5 ft, 42.5 ft, 66.5 ft, 82.5 ft, 97.5 ft, 132.1 ft, 151.5 ft, 167.5 ft, 
and 190 ft. Box plots of baseline versus shallow test-period differential pressure readings for both 
morning and afternoon (Figure 4.2-3) indicate a pressure response from 66.5 ft to 167.5 ft bgs, with these 
port depths shifting to negative differential pressures during extraction. The strongest responses were 
observed in the ports at 66.5 ft, 82.5 ft, and 97.5 ft. A stronger negative shift was more apparent during 
morning hours in all ports that showed a pressure response. Manometer data for borehole location 
54-24378 collected before, during, and after the shallow-extraction test are shown in Figure 4.2-4 and 
further illustrate the pressure responses. The strong pressure response to the test is evidenced by the 
rapid return to near 0 kPa pressure differential at the end of the test following system shutdown. Borehole 
location 54-24378 exhibited the greatest pressure response of the four pore-gas monitoring boreholes 
during the shallow-extraction test. 

A scatter plot of TCA concentrations measured in borehole location 54-24378 before, during, and after 
the shallow-extraction test is shown in Figure 4.2-5. Borehole location 54-24378 generally exhibited the 
highest baseline TCA concentrations of the four pore-gas monitoring boreholes. The data indicate TCA 
concentrations decreased from 22.5 ft to 97.5 ft bgs during extraction. A slight decrease in TCA 
concentrations was observed in ports at 132.1 ft, 151.5 ft, and 167.5 ft. Little or no change in TCA 
concentrations was observed at the 190-ft port. A rebound in TCA concentrations at the 97.5-ft port was 
observed on August 5, 2008, which corresponds to the August 3, 2008, system shutdown. With the 
exception of the 97.5-ft port, a slight rebound of TCA concentrations was observed during the poststudy 
monitoring period from August 6 to August 22, 2008. 

Borehole 54-01116 

Borehole location 54-01116 is approximately 40 ft from the shallow-extraction borehole and was the 
second closest monitoring point to the shallow-extraction borehole. Pore-gas monitoring ports are 
installed in borehole location 54-01116 at depths of 22.5 ft, 42.5 ft, 66.5 ft, 82.5 ft, 97.5 ft, 132.1 ft, 
151.5 ft, 167.5 ft, and 190 ft. Box plots of baseline versus shallow test-period differential pressure 
readings for both morning and afternoon (Figure 4.2-6) indicate a pressure response from 66.5 ft to 
167.5 ft bgs, with these ports shifting to negative differential pressures during extraction. The strongest 
responses were observed in ports at 66.5 ft, 82.5 ft, 97.5 ft, and 132.1 ft. A stronger negative shift was 
more apparent during morning hours in all ports showing a pressure response. Manometer data for 
borehole location 54-01116 collected before, during, and after the shallow-extraction test are shown in 
Figure 4.2-7 and further illustrate the pressure responses. The strong pressure response to the test is 
evidenced by the rapid return to near 0 kPa pressure differential at the end of the test following system 
shutdown. The pressure response observed at borehole location 54-01116 was slightly lower than that 
observed at borehole location 54-24378. 

A scatter plot of TCA concentrations measured in borehole location 54-01116 before, during, and after 
the shallow-extraction test is shown in Figure 4.2-8. Baseline TCA concentrations were of a similar 
magnitude as those observed in borehole location 54-24378 but were slightly lower. The data indicate 
that during extraction TCA concentrations decreased in all ports with initial measurable concentrations, 
with the greatest decrease in ports from 22.5 ft to 97.5 ft bgs. A rebound in TCA concentrations at the 
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97.5-ft port was observed on August 5, 2008, which corresponds to the August 3, 2008, system 
shutdown. A slight rebound of TCA concentrations was observed in all ports during the poststudy 
monitoring period, with the great rebound observed at the 97.5-ft port. 

Borehole 54-24388 

Borehole location 54-24388 is approximately 110 ft from the shallow-extraction borehole and was the 
third closest monitoring point to the shallow-extraction borehole. Pore-gas monitoring ports are installed in 
borehole location 54-24388 at depths of 22.5 ft, 42.5 ft, 67.5 ft, 82.5 ft, 97.5 ft, 132.5 ft, 151.5 ft, 167.5 ft, 
and 189.5 ft. Box plots of baseline versus shallow test-period differential pressure readings for both 
morning and afternoon (Figure 4.2-9) indicate a pressure response from 67.5 ft to 151.5 ft bgs, with these 
ports shifting to negative differential pressures during extraction. The strongest responses were observed 
in ports at 82.5 ft and 97.5 ft. A slightly stronger negative shift was again apparent during the morning 
hours in all ports showing a pressure response. Manometer data for borehole location 54-24388 collected 
before, during, and after the shallow-extraction test are shown in Figure 4.2-10 and further illustrate the 
pressure responses. Although the pressure response observed in borehole location 54-24388 was not as 
great as that observed in the two closer pore-gas monitoring boreholes, the pressure response to the test 
is evidenced by the rapid return to near 0 kPa pressure differential at the end of the test following system 
shutdown.  

A scatter plot of TCA concentrations measured in borehole location 54-24388 before, during, and after 
the shallow-extraction test is shown in Figure 4.2-11. Baseline TCA concentrations were approximately 
an order of magnitude lower than those in borehole locations 54-24378 and 54-01116. The data indicate 
that during extraction TCA concentrations decreased in all ports, with the exception of ports at 167.5 ft 
and 189.5 ft. A slight rebound of TCA concentrations was observed in all ports during the poststudy 
monitoring period. 

Borehole 54-01117 

Borehole location 54-01117 is approximately 125 ft from the shallow-extraction borehole and was the 
farthest monitoring point from the shallow-extraction borehole. Pore-gas monitoring ports are installed in 
borehole location 54-01117 at depths of 20 ft, 42.5 ft, 67.5 ft, 82 ft, 97.5 ft, 132.5 ft, 150 ft, 159.5 ft, and 
179.8 ft. Box plots of baseline versus shallow test-period differential pressure readings for both the 
morning and afternoon (Figure 4.2-12) indicate a pressure response in ports from 67.5 ft to 159.5 ft bgs, 
with all of these ports shifting to negative differential pressures during extraction. The strongest 
responses were observed in ports at the 67.5-ft to 132.5-ft interval. A slightly stronger negative shift was 
again apparent during morning hours in all ports showing a pressure response. Manometer data for 
borehole location 54-01117 collected before, during, and after the shallow-extraction test are shown in 
Figure 4.2-13 and further illustrate the pressure responses. Although morning baseline differential 
pressure measurements were not collected from borehole location 54-01117 before the shallow-
extraction test, baseline measurements were collected following both the active shallow and active deep-
extraction tests. Although the pressure response observed in borehole location 54-01117 was not as 
great as that in the other three pore-gas monitoring boreholes, the pressure response to the test is 
evidenced by the rapid return to a range of 0 to -0.1 kPa pressure differential at the end of the test 
following system shutdown. 

A scatter plot of TCA concentrations measured in borehole location 54-01117 before, during, and after 
the shallow-extraction test is shown in Figure 4.2-14. Baseline TCA concentrations were slightly lower 
than those observed at borehole location 54-24388. TCA concentrations decreased slightly in all ports 
during the extraction test and rebounded to near-baseline conditions following the test.  
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4.3 Deep-Extraction Pilot Test 

Active extraction from the deep-extraction borehole was conducted for 30 d between August 25 and 
September 23, 2008. The pressure differential used to calculate airflow varied throughout the deep-
extraction test, with calculated airflow varying from 0 to 30 scfm. Based on the average measured 
pressure differential, the airflow was calculated to be 17 scfm; the corresponding vacuum at the deep-
extraction borehole during the test was 4.9 in.-Hg. On September 15, 2008, 21.25 d into the extraction 
period, the SVE system shut down because of a power interruption in Area G. The system was restarted 
at 21.27 d. B&K and manometer readings were collected from the four pore-gas monitoring boreholes to 
evaluate the radius of influence of the SVE system and to assess the overall impact of extraction on the 
VOC plume.  

During the deep test, TCA concentrations in the extraction borehole ranged between 45 and 70 ppmv 
throughout the 30-d test, with the lowest concentrations in the morning and the highest concentrations in 
the afternoon. Based on VOC mass-removal calculations using the calculated average airflow and B&K 
readings, approximately 15 lb of VOCs was removed during the deep-extraction test period. Figure 4.3-1 
shows TCA concentrations measured in the extraction borehole during the deep-extraction test. 
Figure 4.3-2 shows the estimated cumulative VOCs removed during the test. Two drums of spent carbon 
were generated during the deep-extraction test and are currently being managed conservatively as 
hazardous waste pending the results of sample analyses.  

Borehole 54-24378 

Box plots of baseline versus deep test-period differential pressure readings for both morning and 
afternoon (Figure 4.3-3) indicate a pressure response in ports at 132.1 ft, 151.5 ft, and 167.5 ft bgs, with 
these ports shifting to negative differential pressures during extraction. A stronger negative shift occurred 
during morning hours in all ports showing a pressure response. Baseline differential pressures also 
appeared to be higher during morning hours. Manometer data for borehole location 54-24378 collected 
before, during, and after the deep-extraction test are shown in Figure 4.3-4 and further illustrate the 
pressure responses. The pressure response to the deep-extraction test is evidenced by the return to 
baseline differential pressure conditions at the end of the test following system shutdown. Borehole 
location 54-24378 exhibited the greatest pressure response of the four pore-gas monitoring boreholes 
during the deep-extraction test. 

A scatter plot of TCA concentrations measured in borehole location 54-24378 before, during, and after 
the deep-extraction test is shown in Figure 4.3-5. With the exception of TCA concentrations at the 167.5-ft 
port, TCA concentrations in borehole location 54-24378 did not appear to decrease during the deep-
extraction test.  

Borehole 54-01116 

Box plots of baseline versus deep test-period differential pressure readings for both morning and 
afternoon (Figure 4.3-6) indicate a pressure response in ports from 132.1 ft to 167.5 ft bgs, with all of 
these ports shifting to negative differential pressures during extraction. During active deep extraction, a 
stronger negative shift was more apparent during morning hours in all ports showing a pressure 
response. Afternoon baseline differential pressure readings generally trended positive rather than near 
0 kPa or negative observed for morning baseline readings. Manometer data for borehole location 
54-01116 collected before, during, and after the deep-extraction test are shown in Figure 4.3-7 and 
further illustrate the pressure responses. The pressure response observed at borehole location 54-01116, 
was slightly lower than that at borehole location 54-24378. 
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A scatter plot of TCA concentrations measured in borehole location 54-01116 before, during, and after 
the deep-extraction test is shown in Figure 4.3-8. During extraction, TCA concentrations decreased 
slightly at 97.5 ft, 151.5 ft, and 167.5 ft; however, a slight increase in TCA concentrations was observed in 
the shallow ports (22.5 ft, 42.5 ft, and 66.5 ft). Based on this observation, it appears that the deep-
extraction well had little effect on the airflow in the shallow depths of the Tshirege Member and that TCA 
concentrations at these depths were experiencing a rebound following the active shallow-extraction test. 

Borehole 54-24388 

Box plots of baseline versus deep test-period differential pressure readings for both morning and 
afternoon (Figure 4.3-9) indicate a slight pressure response in ports from 132.5 ft to 159.5 ft bgs, with 
these ports shifting to negative differential pressures during extraction. A slightly stronger negative shift 
occurred in these ports during morning hours. Greater variability was also observed in the morning 
pressure readings during extraction. Afternoon baseline differential pressure readings generally trended 
positive, rather than near 0 kPa or negative as observed for morning baseline readings. Manometer data 
for borehole location 54-24388 collected before, during, and after the deep-extraction test are shown in 
Figure 4.3-10 and further illustrate the pressure responses.  

A scatter plot of TCA concentrations measured in borehole location 54-24388 before, during, and after 
the deep-extraction test is shown in Figure 4.3-11. TCA concentrations in borehole 54-24388 did not 
appear to decrease during the deep-extraction test.  

Borehole 54-01117 

Box plots of baseline versus deep test-period differential pressure readings in borehole 54-01117 for both 
morning and afternoon (Figure 4.3-12) indicate a pressure response in ports from 132.5 ft to 167.5 ft bgs, 
with these ports shifting to negative differential pressures during extraction. A slightly stronger negative 
shift occurred in these ports during morning hours. As with the other pore-gas monitoring wells monitored 
during the deep-extraction test, greater variability was observed in the morning pressure readings during 
extraction. Afternoon baseline differential pressure readings generally trended positive, rather than near 
0 kPa or negative as observed for morning baseline readings. Manometer data for borehole location 
54-01117 collected before, during, and after the deep-extraction test are shown in Figure 4.3-13 and 
further illustrate the pressure responses.  

A scatter plot of TCA concentrations measured in borehole location 54-01117 before, during, and after 
the deep-extraction test is shown in Figure 4.3-14. TCA concentrations in borehole 54-24388 were highly 
variable during the deep-extraction test and did not appear to decrease. 

4.4 Passive Venting 

Monitoring of passive airflow out of the extraction boreholes was conducted to evaluate the effect of 
barometric pressure changes on airflow from the subsurface and the potential effectiveness of that airflow 
for removing vapor-phase VOCs from the subsurface. Passive airflow was monitored from the shallow-
extraction borehole from September 25 to October 8, 2008, and from the deep-extraction borehole from 
September 26 to October 8, 2008. To evaluate the airflow out of the extraction boreholes, a mylar check 
valve was installed on the orifice plate at the wellhead of each extraction borehole that allowed airflow out 
of the subsurface but prevented airflow into the subsurface.  

No measurable airflow from the Otowi Member occurred at the orifice plate of the deep-extraction 
borehole during the passive venting stage of the pilot test. Airflow data for the shallow-extraction 
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borehole, however, indicated the borehole was passively venting air to the atmosphere during late 
morning and early afternoon. Six significant airflow events were observed from the shallow-extraction well 
with maximum airflow rates ranging from 4 to 9 scfm. Each event typically lasted less than 12 h. These 
passive venting events are shown as airflow (measured in scfm) from the shallow-extraction borehole 
(Figure 4.4-1). Figure 4.4-2 shows TCA concentrations measured at the shallow-extraction borehole 
during passive venting to the atmosphere. Elevated TCA concentrations appear to correlate with higher 
airflow rates observed on September 26, 2008, and from September 30 to October 5, 2008. The 
concentrations of TCA ranged from 100 ppmv to 160 ppmv. 

4.5 Tritium Sampling 

Tritium samples were collected from both the shallow- and the deep-extraction boreholes at the wellhead 
riser, upstream of the SVE system, during the active extraction phases of the pilot test to evaluate 
whether tritium was present in the extracted vapor. An additional tritium sample was collected from the 
shallow-extraction borehole following active shallow extraction. All samples were submitted to the 
Laboratory’s Sample Management Office and analyzed at an off-site analytical laboratory. The analytical 
results for the tritium samples are presented in Table 4.5-1. 

Tritium was detected in the pore-gas sample collected from the shallow-extraction borehole during active 
shallow extraction at a concentration of 432,600 pCi/L and in the sample collected following active 
extraction at a concentration of 656,900 pCi/L. Tritium was detected in the pore gas sample collected 
from the deep-extraction borehole during active deep extraction at a concentration of 42,360 pCi/L. 

Stack emissions from the GAC canisters were monitored for tritium activity approximately every 2 h during 
the first week of each active extraction test, then approximately once per day for the duration of the active 
extraction tests. Monitoring was conducted by drawing air through a Swagelok fitting installed at the base 
of the emission stack using a PTM Model 1812 air sampler calibrated for tritium activity. Tritium activity 
was not detected at the emission stack at any time during the pilot study. 

5.0 RECOMMENDATIONS FOR DATA ANALYSIS 

The data generated during the MDA G SVE pilot test are suitable to use in the CMI process for evaluating 
SVE as an alternative for remediating the VOC vapor plumes at MDA G. The data are also suitable for 
developing a site-scale numerical model based on the one developed for MDA L (Stauffer et al. 2000, 
069794). This subsurface model can provide a better understanding of how active and passive SVE 
affects vapor-phase VOC plumes within the mesa below MDA G. Once the behavior of the plume is 
validated, the model can be used to design a full-scale SVE system to control future vapor plume growth 
and to remediate the plumes.  

6.0 CONCLUSIONS 

The results of the MDA G SVE pilot test indicate that SVE is an effective method for extracting vapor-
phase VOC contamination from higher permeability geologic units in the vadose zone beneath MDA G. 
Approximately 260 lb of VOCs was removed from the shallow-extraction borehole during the 30-d active 
shallow-extraction phase of the pilot study. Lower airflow was observed in the deep-extraction borehole 
installed within the Otowi Member. Low airflow, combined with historically lower concentrations of VOCs 
at this depth, resulted in the removal of approximately 15 lb of VOCs from the deep-extraction borehole 
during the 30-d active deep-extraction phase of the pilot study. The SVE pilot test also provided sufficient 



MDA G SVE Pilot Test Report  

October 2008 12 EP2008-0557 

data to validate the conceptual model for vapor transport at MDA G. The validated model will be used 
during the CMI process to aid in the development of a vapor plume treatment strategy for MDA G.  

Passive airflow monitoring in the shallow-extraction borehole indicates that changes in barometric 
pressure can result in airflow out of the Tshirege Member, typically during late morning and early 
afternoon hours. Monitoring during these times also indicates that VOCs are present in the exhaled air. 
Passive airflow out of the shallow formation indicates that an SVE remediation strategy that uses both 
active and passive extraction phases may increase the overall removal of vapor-phase VOCs from the 
subsurface. However, such a strategy requires further evaluation and is beyond the scope of this report.  

The pilot test results are inconclusive with respect to the effectiveness of SVE in removing subsurface 
tritium. Because the inventory of tritium is almost entirely present in the liquid phase rather than as a 
vapor, SVE is not expected to be effective in removing tritium. This conclusion is consistent with the 
U.S. Environmental Protection Agency directive on the use of SVE as a presumptive remedy for VOCs in 
soil (EPA 1996, 103427). This directive indicates that SVE is not effective with contaminants having a 
dimensionless Henry’s law constant less than 0.01. The dimensionless Henry’s law constant for tritium is 
on the order of 1 × 10–5 (LANL 2003, 076039, p. I-1). 
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7.2 Map Data Sources 

Legend Item Data Source 
Extraction borehole Graphic layer depicting approximate location of the SVE extraction boreholes. 

Actual locations should be incorporated into the “locations” feature class at a 
future date (see “Pore gas monitoring borehole” for data source statement). 

Fence Security and Industrial Fences and Gates; Los Alamos National Laboratory, KSL 
Site Support Services, Planning, Locating and Mapping Section; 06 January 
2004; as published 15 October 2008. 

Laboratory boundary LANL Areas Used and Occupied; Los Alamos National Laboratory, Site Planning 
& Project Initiation Group, Infrastructure Planning; 04 June 2008. 

Material disposal area Materials Disposal Areas; Los Alamos National Laboratory, ENV Environmental 
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Pore gas monitoring borehole Point Feature Locations of the Environmental Restoration Project Database; Los 
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Figure 1.0-1 MDA G with respect to Laboratory TAs and surrounding land holdings 
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Figure 2.2-1 TA-54 site stratigraphy 
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Figure 3.2-2 MDA G shallow-extraction borehole completion diagram 
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Figure 3.2-3 MDA G deep-extraction borehole completion diagram 
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Figure 3.2-5 Typical MDA G SVE pore-gas monitoring well construction diagram 
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Figure 4.2-1 TCA concentrations during the shallow-extraction test 
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Figure 4.2-2 Estimated total VOC extracted during the shallow-extraction test 
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Figure 4.2-3 Box plot comparison of baseline and shallow test differential pressure for 
borehole location 54-24378 
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Figure 4.2-4 Scatter plot of shallow test differential pressure for borehole location 54-24378 



MDA G SVE Pilot Test Report  

October 2008 26 EP2008-0557 

Date

TC
A

 C
on

ce
nt

ra
ti

on
s 

(p
pm

v)

8/2
1/

20
08

8/1
1/

20
08

8/1
/20

08

7/2
1/

20
08

7/1
1/

20
08

7/1
/20

08

6/2
1/
20

08

6/1
1/
20

08

900

800

700

600

500

400

300

200

100

0

Start Shallow SVE End Shallow SVE

22.5
42.5
66.5
82.5
97.5

132.1
151.5
167.5
190.0

Depth (ft)

54-24378: Scatterplot of Shallow Test TCA Concentrations

 

Figure 4.2-5 Scatter plot of shallow test TCA concentrations for borehole location 54-24378 
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Figure 4.2-6 Box plot comparison of baseline and shallow test differential pressure for 
borehole location 54-01116 
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Figure 4.2-7 Scatter plot of shallow test differential pressure for borehole location 54-01116 
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Figure 4.2-8 Scatter plot of shallow test TCA concentrations for borehole location 54-01116 
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Figure 4.2-9 Box plot comparison of baseline and shallow test differential pressure for 
borehole location 54-24388 
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Figure 4.2-10 Scatter plot of shallow test differential pressure for borehole location 54-24388 
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Figure 4.2-11 Scatter plot of shallow test TCA concentrations for borehole location 54-24388 
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Figure 4.2-12 Box plot comparison of baseline and shallow test differential pressure for 
borehole location 54-01117 
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Figure 4.2-13 Scatter plot of shallow test differential pressure for borehole location 54-01117 
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Figure 4.2-14 Scatter plot of shallow test TCA concentrations for borehole location 54-01117 
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Figure 4.3-1 TCA concentrations during deep-extraction test 

 

MDA G SVE - Deep Pilot Test
Estimated Total VOCs Extracted
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Figure 4.3-2 Estimated total VOCs extraction during deep-extraction test 
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Figure 4.3-3 Box plot comparison of baseline and deep test differential pressure for 
borehole location 54-24378 
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Figure 4.3-4 Scatter plot of deep test differential pressure for borehole location 54-24378 
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Figure 4.3-5 Scatter plot of deep test TCA concentrations for borehole location 54-24378 
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Figure 4.3-6 Box plot comparison of baseline and deep test differential pressure for 
borehole location 54-01116 
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Figure 4.3-7 Scatter plot of deep test differential pressure for borehole location 54-01116 

Date

TC
A

 C
on

ce
nt

ra
ti

on
s 

(p
pm

v)

10
/11

/20
08

10
/1/

20
08

9/2
1/

20
08

9/1
1/
20

08

9/1
/20

08

8/2
1/

20
08

8/1
1/
20

08

160

140

120

100

80

60

40

20

0

Start Deep SVE End Deep SVE

22.5
42.5
66.5
82.5
97.5

132.1
151.5
167.5
190.0

Depth (ft)

54-01116 Scatterplot of Deep Test TCA Concentrations

 

Figure 4.3-8 Scatter plot of deep test TCA concentrations for borehole location 54-01116 
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Figure 4.3-9 Box plot comparison of baseline and deep test differential pressure for 
borehole location 54-24388 
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Figure 4.3-10 Scatter plot of deep test differential pressure for borehole location 54-24388 
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Figure 4.3-11 Scatter plot of deep test TCA concentrations for borehole location 54-24388 
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Figure 4.3-12 Box plot comparison of baseline and deep test differential pressure for 
borehole location 54-01117 
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Figure 4.3-13 Scatter plot of deep test differential pressure for borehole location 54-01117 
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Figure 4.3-14 Scatter plot of deep test TCA concentrations for borehole location 54-01117 
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Figure 4.4-1 Air flow during shallow passive venting 

Passive Venting TCA Concentrations in Shallow Extraction Borehole
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Figure 4.4-2 TCA concentrations during shallow passive venting 
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Table 2.2-1 
Geohydrologic and Hydraulic Properties for Stratigraphic Layers at TA-54 

Stratigraphic Units/Subunits Hydraulic Propertiesa Geohydrologic Characteristicsb 

Stratigraphic 
Unit 

Stratigraphic 
Subunit 

Bulk 
Density 
(lb/in.3) 

Porosity 
(%) 

In Situ 
Permeability 

(Darcies)c 

Volumetric 
Moisture 
Content 

(%) 
Saturation 

(%) 

Saturated 
Hydraulic 

Conductivity 

(ft/d) 

Gravimetric 
Moisture 
Content 

(%) Indurationd Fracturese 
2 2(u) 0.0495 45.7 0.5–1 2.57 5.7 1.24 2.12 Mod Many 

2(l) 1.24 Strng Many 

1v(u) 1v(u2) 0.0448 48.7 0.4–.9 1.89 3.7 0.42 1.03 Slight Mod 

1v(u1) 1.79 Non None 

1v(c) 1v(c) 0.0426 49.3 0.1–1.2 10.88 21.3 0.47 5.11 Mod Mod 

1g 1g(u) 0.0415 46.2 0.5–1 8.94 16.9 0.53 5.77 Mod Mod 

1g 5.83 Non None 

Tsankawi/  0.0404 47.3 7–10 14 30.3 2.43 10.8 Mod Rare 

Cerro Toledo        8.49 Slight Rare 
a From Table 2-1, “Pilot Vapor Extraction Test at TA-54” (ERM/Golder 1997, 070334), values converted to English units. 
b From MDA L and MDA G RFI boreholes. 
c Straddle packer permeability results for borehole 54-01018, data measured from 10 ft to 310 ft bgs (Lowry 1997, 087818).  
d Qualitative induration (hardness) scale is non = nonindurated, slight = slightly indurated, mod = moderately indurated, strng = strongly indurated. 
e Qualitative fracture scale is none = not present, rare = few present, mod = some present, many = fractures abundant. 
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Table 4.5-1 
Tritium Concentrations in the Shallow- and Deep-Extraction Boreholes 

Sample ID Collection Date 
Tritium Concentration 

(pCi/L) 
Shallow-extraction borehole during active extraction 09-Jul-08 432,600 

Shallow-extraction borehole following active extraction 20-Aug-08 656,900 

Deep-extraction borehole during active extraction 10-Sep-08 42,360 
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A-1.0 ACRONYMS AND ABBREVIATIONS 

B&K Brüel and Kjær 

bgs below ground surface 

CMI corrective measures implementation 

GAC granular active carbon 

HSA hollow-stem auger 

kPa kilopascals 

LANL Los Alamos National Laboratory 

LLW low-level radioactive waste 

MDA material disposal area 

NMED New Mexico Environment Department 

PCB polychlorinated biphenyl 

PCE tetrachloroethene 

ppmv parts per million by volume 

RFI Resource Conservation and Recovery Act facility investigation 

RPF Records Processing Facility 

scfm standard cubic feet per minute 

SVE soil-vapor extraction 

TA technical area 

TCA 1,1,1-trichloroethane 

TCE trichloroethene 

TD total depth 

TRU transuranic 

VOC volatile organic compound 
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A-2.0 METRIC CONVERSION TABLE 

Multiply SI (Metric) Unit by To Obtain US Customary Unit 
kilometers (km) 0.622 miles (mi) 

kilometers (km) 3281 feet (ft) 

meters (m) 3.281 feet (ft) 

meters (m) 39.37 inches (in.) 

centimeters (cm) 0.03281 feet (ft) 

centimeters (cm) 0.394 inches (in.) 

millimeters (mm) 0.0394 inches (in.) 

micrometers or microns (µm) 0.0000394 inches (in.) 

square kilometers (km2) 0.3861 square miles (mi2) 

hectares (ha) 2.5 acres 

square meters (m2) 10.764 square feet (ft2) 

cubic meters (m3) 35.31 cubic feet (ft3) 

kilograms (kg) 2.2046 pounds (lb) 

grams (g) 0.0353 ounces (oz) 

grams per cubic centimeter (g/cm3) 62.422 pounds per cubic foot (lb/ft3) 

milligrams per kilogram (mg/kg) 1 parts per million (ppm) 

micrograms per gram (µg/g) 1 parts per million (ppm) 

liters (L) 0.26 gallons (gal.) 

milligrams per liter (mg/L) 1 parts per million (ppm) 

degrees Celsius (°C) 9/5 + 32 degrees Fahrenheit (°F) 

 

A-3.0 DATA QUALIFIER DEFINITIONS 

Data Qualifier Definition 
U The analyte was analyzed for but not detected. 

J The analyte was positively identified, and the associated numerical value is estimated to be more 
uncertain than would normally be expected for that analysis. 

J+ The analyte was positively identified, and the result is likely to be biased high. 

J- The analyte was positively identified, and the result is likely to be biased low. 

UJ The analyte was not positively identified in the sample, and the associated value is an estimate of 
the sample-specific detection or quantitation limit. 

R The data are rejected as a result of major problems with quality assurance/quality control (QA/QC) 
parameters. 
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C-1.0 OBJECTIVE 

Discrete point air permeability testing was conducted within the open intervals of both the Material 
Disposal Area (MDA) G shallow and deep soil-vapor extraction (SVE) pilot study extraction boreholes as 
part of the MDA G SVE pilot study conducted by Los Alamos National Laboratory (the Laboratory). 
Permeability testing was conducted to provide data suitable for subsurface transport model calibration 
and to provide data for comparison with earlier in situ permeability measurements collected during the 
1995 pilot vapor extraction test at MDA G (ERM/Golder 1997, 070334).   

C-2.0 METHODOLOGY 

Permeability testing was conducted within the open intervals of the SVE extraction boreholes on 
October 10, 2008, using a dual straddle packer apparatus similar to that described by Wykoff et al. (1998, 
098069). The packers are each 6 ft in length and are made of a lightweight packer material. The packer 
apparatus was lowered into the open interval of the borehole, and the packers were inflated to 5 pounds 
per second internal pressure to segregate a 2-ft segment within the interval. Air was then extracted from 
the segregated interval. The extracted air temperature, differential pressure, and airflow rate were 
recorded during extraction. The process was repeated every 5 ft within the open interval of the borehole.  

Permeability was calculated based on a steady-state spherical flow model (Wykoff et al. 1997, 098069). 
By approximating the air extraction as a sphere, the steady-state airflow, the source equivalent radius, the 
source pressure, and the ambient soil-gas pressure were used to infer the effective gas permeability, k, 
by the following equation: 

    

Where µ = dynamic gas viscosity 

R = universal gas constant 

T = absolute temperature 

m = gas mass flow out of soil 

M = gas molecular weight 

Po = absolute pressure of source 

P = ambient absolute soil gas pressure 

r = source radius (radius of open borehole) 

C-3.0 RESULTS 

The results of permeability testing are shown in Figures C-3.0-1 and C-3.0-2. In the shallow-extraction 
borehole, permeability ranged from 0.039 Darcies at 85 ft below ground surface (bgs) to 0.068 Darcies at 
105 ft bgs. In the deep-extraction borehole, permeability ranged from 0.055 Darcies at 173 ft bgs to 0.074 
Darcies at 168 ft bgs. 



MDA G SVE Pilot Test Report 

October 2008 C-2 EP2008-0557 

C-4.0 REFERENCES 

The following list includes all documents cited in this appendix. Parenthetical information following each 
reference provides the author(s), publication date, and ER ID number. This information is also included in 
text citations. ER ID numbers are assigned by the Environmental Programs Directorate’s Records 
Processing Facility (RPF) and are used to locate the document at the RPF and, where applicable, in the 
master reference set. 

Copies of the master reference set are maintained at the NMED Hazardous Waste Bureau; the 
U.S. Department of Energy–Los Alamos Site Office; the U.S. Environmental Protection Agency, Region 6; 
and the Directorate. The set was developed to ensure that the administrative authority has all material 
needed to review this document, and it is updated with every document submitted to the administrative 
authority. Documents previously submitted to the administrative authority are not included. 

ERM/Golder, October 1997. “Pilot Vapor Extract Test at TA-54, MDA L,” report prepared for Los Alamos 
National Laboratory, Los Alamos, New Mexico. (ERM/Golder 1997, 070334) 

 
Wykoff, D., J. Stockton, and B. Lowry, February 1998. “Air-Flow Measurements in Los Alamos  

TA-49-700,” Science & Engineering Associates report no. SEASF-TR-97-186, Santa Fe,  
New Mexico. (Wykoff et al. 1998, 098069) 
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Figure C-3.0-1 Permeability—shallow extraction borehole 
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Figure C-3.0-2 Permeability—deep extraction borehole 
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