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DEPARTMENT OF THE AIR FORCE
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NEW MEXICO ENVIRONMENT DEPARTMENT (NMED)
POBOX26
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SUBJECT: Vapor Intrusion Workplan, Bulk Fuels Facillity (ST-106), Kirtland AFB (AFB)

1. The Natural Resource Management Branch at Kirtland AFB is pleased to submit the
subject document including one electronic version. The workplan outlines the proposed
investigation of possible fuel-related vapor in the shallow subsurface soils on Kirtland
AFB, and City of Albuquerque properties. The pian is being submitted for informational
purposes. We will submit the results of the investigation to NMED. This workplan has
been discussed with Mr. Baird Swanson of your staff.
2. Please contact Mark Holmes, at 505 846-9005 if you have any questions or comments on this
matter.
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SECTION 1

1.

INTRODUCTION

This Sampling and Analysis Plan (SAP) summarizes preliminary activities that will be conducted to
assess potential risk from subsurface vapors from the phase-separated hydrocarbon (PSH) plume present
on the groundwater table associated with the Kirtland AFB Bulk Fuels Facility. The proposed activities
will provide a preliminary assessment of potential impacts to ambient air at the ground surface in areas
known to overlie the PSH groundwater plume and also to evaluate the potential for a vapor intrusion
pathway to exist for occupied structures at the Kirtland AFB Bulk Fuels Facility. This sampling is being
conducted for Kirtland AFB’s internal purposes and will not be submitted to the New Mexico
Environment Department Groundwater Quality Bureau (NMED-GWQB) as part of official Stage 2
Abatement Plan investigative activities. The State of New Mexico does not have promulgated
regulations addressing vapor intrusion or vapor screening levels.
The remedial action at the site has been ongoing since 2004 and currently consists of SVE from the
vadose zone at the site’s primary former fuel offloading rack area and various site-wide monitoring
activities. In 2006, upon reviewing data from ongoing groundwater monitoring, Kirtland AFB identified
the area to the northeast of the former fuel offloading rack area, in the hydraulically downgradient
direction, as an area with a hydrogeologic data gap and also an area of persistent elevated soil vapor
concentrations. The data gap limited Kirtland AFB’s ability to evaluate the groundwater flow direction,
gradient, and groundwater chemistry in that area and to assess whether another source of vadose zone
soil vapors may exist in that direction. Kirtland AFB requested authorization from NMED-GWQB to
install an additional groundwater monitoring well (KAFB-1065) in that area. Well KAFB-1065 was
completed and developed in February 2007. Upon developing well KAFB-1065 roughly 1.4 feet (ft) of
PSH were measured on the water table surface in the well. Installation of five additional monitoring
wells in the fall of 2007 indicated that PSH was in four of the five new wells including well KAFB10610, located in the City of Albuquerque Bullhead Park.

1.1 Investigation Objectives
Ongoing investigation and remediation activities related to the fuel releases from the former fuel
offloading rack at the Bulk Fuels Facility have indicated that a subsurface vapor plume exists in the
vadose zone beneath the rack area, within the Kirtland AFB boundary. The existing SVE and treatment
system at the Bulk Fuels Facility includes 13 soil vapor extraction wells (SVEWs) and 15 individual soil
vapor monitoring well (SVMW) locations, all completed with three to four nested wells at different
depths. Vapor samples are routinely collected from these monitoring points and analyzed in the field and
laboratory to evaluate remediation progress. Based on the soil vapor data that have been collected over
time and reported in regularly published quarterly and semi-annual Summary and Performance Reports,
it has been determined that the highest concentrations of fuel-related vapors tend to be centered beneath
the former fuel offloading rack and occur at depths of roughly 100 ft below ground surface (bgs) or
greater. However, the lateral extent of detectable vapor concentrations at depths of 150 ft bgs or less
does extend to a roughly 600 ft radius out from the primary original release point on the east end of the
former fuel offloading rack. The potential exists that hydrocarbon vapors associated with the vadose
zone vapor plume could intrude into the occupied structures at the Bulk Fuels Facility. The activities
described in this SAP will gather preliminary data to evaluate whether this potential needs to be
addressed further.
Additionally, the presence of PSH on the groundwater table both on base and offbase has the potential to
produce a vapor plume that theoretically could move upward through the vadose zone soils. If
concentrations of compounds of concern are present in the shallow vadose zone soil vapor those vapors
could be emitted to the atmosphere as part of the ongoing air flux that always moves between the shallow
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subsurface and the atmosphere in response to barometric pressure changes. Due to the depth of the PSH
plume on the groundwater (~490 ft bgs) it is unlikely that substantial concentrations of fuel-related
vapors would migrate upward in the vadose zone to reach the shallow subsurface soil vapor or be
discharged to the atmosphere at detectable levels. However, the potential for vapor concentrations that
represent an unacceptable risk to potential receptors will also be preliminarily evaluated as part of this
effort.
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2.0 SAMPLING ACTIVITIES
This section discusses the data quality objectives (DQOs) for the anticipated sampling, provides a brief
discussion of what screening guidance the data will be compared against, and describes the anticipated
vapor sampling activities.

2.1 Data Quality Objectives (DQOs)
1.

Statement of Problem
Fuel impacts to vadose zone soil are known to exist at the Kirtland AFB Bulk Fuels Facility. The
soil impacts have produced a well-established soil vapor plume at the facility. In addition to
impacts to vadose zone soils PSH is known to be present on the water table below the Bulk Fuels
Facility, below the area of Kirtland AFB north of the Bulk Fuels Facility, and below the City of
Albuquerque Bullhead Park area. The potential exists for vapor-phase hydrocarbon compounds
of concern attributable to the vadose zone contamination or the PSH on the groundwater to
produce unacceptable risk to potential receptors.

2.

Identification of a Decision that Addresses the Problem
The presence of petroleum hydrocarbon compounds in either the vadose zone and/or groundwater
that does or can contribute volatile compounds of concern to the subsurface soil vapor is not the
decision point that addresses potential risk associated with vapor-phase hydrocarbon exposure. In
order for unacceptable risk to be associated with potential exposure to vapor-phase hydrocarbon
compounds the exposure pathway must be complete. If the pathway is not complete, it will be
considered that there is no exposure to vapor-phase hydrocarbon compounds. Therefore, the
primary decision addresses the problem of whether a complete vapor exposure pathway exists. If
the exposure pathway is determined to be complete, then evaluation of the level of exposure, and
corresponding risk, to the receptors is the secondary decision that addresses the problem.

3.

Identification of Inputs that Affect the Decision
Soil vapor samples will be collected and analyzed for vapor-phase petroleum hydrocarbon
compounds. Inputs that will affect the decision include the validated analytical shallow soil
vapor and sub-slab vapor samples; and U.S. Environmental Protection Agency (EPA) ChemicalSpecific Screening Guidance (USEPA, May 2008).

4.

Specification of the Domain of the Decision
The domain of the decision for the proposed activities will be limited to assessing the petroleum
hydrocarbon vapor concentrations in the shallow subsurface and sub-slab soils. No indoor air
sampling or ambient air sampling will be conducted. Additionally, the domain will be limited to
assessing conditions only for those vapor parameters that are analyzed; for which there are risk
based screening levels; at the locations that are sampled; and for the specific time period when the
grab samples are collected.
For the purposes of the proposed activities described herein, the potential receptors of concern
being considered are:
• Fuels Facility employees that could be exposed via a potentially completed vapor intrusion
pathway within the buildings located on the Bulk Fuels Facility.
• Recreational users of the adjacent City park that could be exposed via a potentially complete
vapor pathway that releases compounds of concern into the ambient air overlying permeable
ground surfaces at the park.
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5.

Development of a Logic Statement
If the validated analytical data from the proposed shallow subsurface and sub-slab vapor
monitoring activities do not exceed EPA screening levels for the respective exposure scenarios
for the sampling locations it will be assumed that the potential vapor-phase hydrocarbon
compounds in the subsurface could not negatively impacting indoor or ambient air quality.

6.

Establishment of Constraints on Uncertainty
Uncertainty in the data used to evaluate the logic statement will be constrained by following the
applicable Standard Operating Procedures (SOP) and quality assurance/quality control (QA/QC)
guidelines, as appropriate; selecting the appropriate analytical support level for the sample data;
and by adhering to both the field and laboratory data quality indicator (precision, accuracy,
representativeness, completeness, comparability [PARCC]) objectives.
The uncertainty in the data interpretation related to the shallow subsurface and sub-slab sampling
is also influenced by the limited quantity and temporally limited nature of the data points and the
transient nature of the vapor media. Based on these initial screening efforts an evaluation of
whether the overall uncertainty in the data is reasonable and acceptable will be further
considered.

7.

2.2
2.2.1

Optimization of Design for Obtaining Data
To optimize the quality of data collected for evaluation, this SAP has been developed to be used
as guidance during field activities. Furthermore, field activities will be conducted as specified by
applicable sections of the Base-Wide FSP and SOPs specifically applicable to vapor sampling.

Sampling Activities
Sub-Slab Vapor Sampling

There are two primary structures at the Bulk Fuels Facility that are routinely occupied. These include the
Fuels Office (Building 1032) and the Fuels Supervisor’s office (Building 1036). These structures are
occupational structures not residential structures and are assumed to be basic slab-on grade construction.
Both structures are located over 300 ft from the east end of the former fuel offloading rack, the point of
the primary fuel release to the subsurface. The United States Environmental Protection Agency (USEPA)
vapor intrusion evaluation guidance (USEPA, 2002) indicates that unless structures are within 100 ft of a
contamination source they are not typically considered likely to have vapor intrusion issues. However,
due to the size and well-established nature of the vapor plume at the Bulk Fuels Facility additional limited
sampling will be conducted to gather data specific to this possibility to determine if it requires further
evaluation. For the purposes of these preliminary investigation activities the preferred sampling location
will be the Fuels Office, Building 1036, because it can be accessed with less disruption to site operations
and it tends to be more sealed (i.e. doors are less often propped open, there is less foot traffic in and out of
the structure). Building 1036 is located directly east of Building 1032 and is shown on Figure 1. If for
some reason it is not possible or convenient to conduct sampling within the Fuels Supervisor’s Office,
sampling will be conducted at the Fuels Office (Building 1032).
This sampling effort will consist of collecting sub-slab vapor samples from a temporary sampling port
that will be installed through the floor of the structure. Two individual vapor grab samples will be
collected; a first sample collected following installation of the sampling port and a second sample
collected roughly 48- to 72-hours later. Attempts will be made to conduct sampling over a time period
with differing barometric pressure regimes in order to assess the influence of atmospheric pressures on
potential vapor intrusion into the structure.
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CH2M HILL will utilize a standard operating procedure (SOP) for installing the sampling port and
collecting the sub-slab samples (Attachment 1). Vapor samples will be collected in 850-milliliter (ml)
Summa canisters that have been evacuated to near zero pressure and will be analyzed by CH2M HILL’s
Applied Sciences Laboratory in Corvallis, Oregon. Vapor samples will be analyzed for VOCs including
benzene, toluene, ethylbenzene, and xylenes, acetone, methyl tertiary butyl ether (MTBE), and 2butanone (MEK) by Method TO-14, Acetone by Method TO-12, fixed gases (oxygen, nitrogen, carbon
monoxide, carbon dioxide, and methane) by Method SM 2720C, and total petroleum hydrocarbons (TPH)
gasoline range organics (GRO) by Method SW8015. This is the same suite of sampling parameters used
for other investigation vapor samples that are analyzed at the site.
In addition to the collection of actual vapor samples pressure differential measurements will also be
collected to quantify potential pressure gradients between the building interior and beneath the building
slab. This provides data to assess whether a pressure gradient exists that causes vapor to flow from the
building interior out to the subsurface; in which case positive detections in sub-slab samples can be the
result of ambient sources in the indoor air moving into the subsurface. The pressure measurements will
also be collected according to a SOP (Attachment 2). As mentioned above, attempts will be made to
conduct sampling over a time period with differing barometric pressure regimes in order to assess the
influence of atmospheric pressures on potential vapor intrusion into the structure. Pressure measurements
will be recorded during the entire 48- to 72-hour timeframe between sample collection.
Upon receipt of the analytical results from the laboratory the vapor sample data will be evaluated to
assess whether sub-slab samples indicate the presence of volatile compound concentrations beneath the
building slab. The sub-slab vapor data is intended to provide additional information on whether indoor
vapor intrusion issues merit further consideration at the site. Possible scenarios include 1) no positive
vapor concentrations are detected and no further action appears necessary at this time, 2) detectable
positive vapor concentrations are present but the concentrations do not appear to exceed appropriate risk
based screening levels and no further action appears necessary at this time, 3) elevated vapor
concentrations are detected which merit additional consideration of whether the vapor intrusion pathway
is a completed exposure route. If the data indicate further consideration is merited, it is assumed that the
Air Force will further assess the goals and needs for additional data collection at that time. It is also
important to note that the Bulk Fuels Facility as a whole has the potential for significant ambient air
sources of volatile compounds associated with fuel. All data collected will need to be considered in the
context of potential ambient air influences.

2.2.2

Shallow Soil Vapor Sampling

The objective of the sampling is to demonstrate that ambient air concentrations in areas that overlie PSH
on the groundwater but that are otherwise unimpacted by vadose zone soil contamination do not display
concentrations of volatile organic compounds attributable to the PSH that present unacceptable risk to
potential receptors. This objective will be met by conducting shallow soil vapor sampling.
Due to the ubiquitous nature of petroleum hydrocarbon-related compounds in the ambient air in urban
areas (due to vehicle exhaust and numerous other atmospheric sources) there is a high likelihood that
ambient air sampling will indicate detectable concentrations of fuel-related compounds. Such detections
would require rigorous evaluation of other background locations to evaluate what, if any, proportion of
the detected concentrations are attributable to a possible subsurface source. Therefore, sampling of
shallow soil vapor will be conducted to demonstrate that vapors from the PSH present at roughly 490 ft
bgs are not migrating into the shallow subsurface vapors. If vapors within the shallow subsurface do not
contain unacceptable concentrations of target compounds due to the presence of the PSH then, by default,
it would not be possible for the subsurface to be contributing unacceptable concentrations to the ambient
air overlying a permeable surface.
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It is anticipated that shallow vapor samples will be collected from six sampling locations approximately
shown in Figure 2. Final sampling locations will be dependent on access, utility clearances, and
coordination with the City of Albuquerque.
Samples will be collected at depths of 5 ft bgs. At each shallow soil vapor sampling location, a Teflon
sample tube will be attached to a soil vapor sampling probe and a hammer-drill will be used to advance
the probe to 5 feet bgs. Once the soil vapor probe is at the desired depth, the surface will be temporarily
sealed with hydrated bentonite and the system will be allowed to equilibrate for 20 minutes. Following
equilibration, a vacuum pump will be used to purge three ‘well’ volumes (the tubing and sampling point
volume) at no more than 150 milliliters per minute (ml/min). Immediately following the purging, a
sample will be collected directly vapor samples will be collected in 850-milliliter (ml) Summa canisters
that have been evacuated to near zero pressure and will be analyzed by CH2M HILL’s Applied Sciences
Laboratory in Corvallis, Oregon.
Vapor samples will be analyzed for VOCs including the target compounds benzene, toluene,
ethylbenzene, xylenes, and naphthalene by Method TO-14, and fixed gases (oxygen, nitrogen, carbon
monoxide, carbon dioxide, and methane) by Method SM 2720C. This is a subset of the suite of
parameters analyzed for as part of other investigation vapor sampling conducted in support of the site
remedial actions.

2.3

Data Evaluation

Data will be evaluated relative to the recently issued United States Environmental Protection Agency
(USEPA) chemical-specific regional screening guidance (http://epa-prgs.ornl.gov/chemicals/index.shtml).
This guidance provides screening values for both residential and occupational exposures to compounds of
concern in indoor ambient air. An attenuation factor of 0.1 will be applied to the indoor ambient air
screening values to generate screening values for shallow subsurface and sub-slab vapor concentrations.
Application of an attenuation factor of 0.1 means that the published indoor ambient air screening values
will be multiplied by a factor of 10 to develop appropriate screening values for the subsurface soil vapor
media. The subsurface vapor screening values will account for the attenuation in concentrations as the
vapor media migrates from the subsurface condition into an ambient air or indoor air scenario. It should
be noted that the published ambient air screening values are for indoor air exposure and therefore provide
an even more conservative basis for outdoor ambient air exposure.
Screening levels used for potential vapor exposures to workers in the Bulk Fuels Facility will be
occupational exposure levels. Screening levels for potential exposures to recreational users in the City
park will be residential screening levels scaled appropriately for recreational use.

2.4

Reporting

Upon completion of the shallow soil sampling and sub-slab sampling and receipt of data a brief letter
report with the data and evaluation will be prepared. Based on data evaluation the letter report may
recommend additional action which will be documented in subsequent work planning and reporting
documents.

2.5

Scheduling

Attempts will be made to schedule both the shallow soil and sub-slab vapor sampling in August 2008.
Prior to proceeding with any sampling appropriate utility clearances and access arrangements will need to
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be made. For the shallow soil vapor sampling conducted on Kirtland AFB property the standard Air Force
dig permit process will be required. For shallow soil vapor sampling conducted outside of the Kirtland
AFB boundary utility clearances via the New Mexico One Call clearance service will be required as will
appropriate access authorization and coordination with the City of Albuquerque. For sub-slab vapor
sampling conducted at the Kirtland AFB Fuels Facility appropriate coordination with the Fuels Facility
office will be required and standard Air Force dig permits will need to be obtained.

2.6

Funding

Funding from the FY07 project for investigation of phase-separated hydrocarbons impacts at the site will
be utilized to support this effort. The FY07 project included funding to conduct two quarterly
groundwater sampling events for five new groundwater monitoring wells installed under that project.
Upon installation of the new wells, four of the five were found to contain phase-separated hydrocarbons
therefore they will not be sampled as part of the quarterly sampling events. Additionally, the FY07
project anticipated the need to dispose of hazardous investigation derived waste resulting from
development of wells that contained PSH. Kirtland AFB has received approval from the NMED for a
modified well development approach that will eliminate the generation of PSH-containing development
water that will require disposal as hazardous waste. The funding that would have supported the labor and
analytical costs for sampling of the additional wells for two quarters and the waste disposal will be
directed to the shallow soil and sub-slab vapor sampling as part of the overall project’s goal to assess
impacts from the phase-separated hydrocarbon presence at the site.
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Attachment 1

This SOP is to be used in conjunction with a workplan developed specifically for each project. Please obtain
appropriate senior review before implementing this SOP in the field.

Standard Operating Procedure for the Installation of Sub-Slab Probes
and the Collection of Vapor Samples Using Summa® Canisters
1.0

Scope and Application
This procedure describes the approach for the installation of sub slab probes and the collection of
vapor samples in Summa® canisters. It includes instruction on probe installation, leak checking,
gas sampling, and probe abandonment. This SOP should be used in conjunction with project data
quality objectives. It is the responsibility of the project team to make sure this procedure meets all
applicable regulatory standards and receives approval/concurrence from the leading regulatory
agency for the project. Only persons trained in the collection of sub slab samples should attempt
this procedure.

2.0

Project Specific Considerations
2.1

3.0

There are 3 different types of recommended probe installation techniques. The type
chosen depends on site access, probe seal integrity considerations, and the number of
sampling events planned. It is critical that the sealing compound used is low in VOC’s.
The 3 suggested sealing compounds have been tested and approved for use. Consult a
subject matter expert if another compound is preferred or available. See Table 1 for more
specific details.
2.1.1

Temporary – Bees wax - If time is short, access is an issue, and a higher risk of
leaks (requiring repeated resealing of the probe) are acceptable.

2.1.2

Semi-permanent – Fix-It-All –If setting the probe and sampling on one day is
preferred, there are minimal access limitations, there is only one intended
sampling event, and there is minimal moisture present.

2.1.3

Permanent – Mortar, Quikrete (#1102) - If there is unlimited access and multiple
sampling events are desired

Materials
3.1

3.2

3.3

Probe Installation
• Hammer drill and 7/8” or 1” and 5/16” or 3/8” bits
• Vacuum cleaner (‘shop vac’ type or hand held)
• Probe (1/4” stainless steel tube with Swagelock or equivalent nut and ferrule)
• Probe seal (1/8” NPT internal wrenching plug)
• Probe union (1/4” male Swagelock or equivalent to 1/8” female NPT)
• Nuts and ferrules (1/4” stainless steel Swagelock or equivalent)
• Hack saw
• Probe seal consisting of bees wax, Fix-it-All, mortar or similar (must be low in VOC’s)
• Heat source and melting vessel (for bees wax only)
• Large Q-tips or paper towels and water
• Tongue depressor, putty knife, or similar tool
• Tape measure
Leak check
• Leak check enclosure
• Compressed helium tank (balloon grade), helium regulator, flow meter (0-500
ml/min)
• Helium detector, or equal
Sampling
• Sampling union (1/4” male Swagelock or equivalent to 1/4” male NPT)
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3.4

3.5

4.0

• Vacuum pump, sampling manifold
• ¼” OD Teflon tubing, rubber tubing
• Flow controller
• Summa canister (sized appropriately for sampling requirements)
• Miscellaneous fitting to connect tubing to sampling union and Summa canister)
Probe Abandonment
• Probe removal fitting
• Crowbar
Miscellaneous
• Teflon tape
• 9/16”, ½”, crescent wrench, screw driver
• Extension cord
• Timer/watch
• Tools required to cut carpet, and/or tools needed for removal of other floor coverings

Probe Installation
4.1

Locate the sampling locations in accordance with the work plan. Check with local utility
companies to identify utilities coming into the building from outside. If possible, look for
known or suspected utility conduits and note their location on a map or in the field log.
Be sure to confirm that the sample locations will not interfere with the known
underground utilities. Also note the location of the probe, locations of significant
features (walls, cracks, sumps, drains, etc), and conditions of the slab and soil.

4.2

If needed, expose the concrete by cutting the carpet or other loose floor coverings (Note:
Carpet need not be removed, but rather a ‘L’ shape cut to expose the concrete for drilling
and the leak check enclosure). Drill a 7/8” or 1” diameter hole to a depth of 1-3/4”
(measured to the center of the hole) to allow room for the installation of the probe nut
and probe union (See Figure 2). Remove the cuttings using a vacuum cleaner. Be careful
to not compromise the integrity of the slab during drilling (i.e., cracking it), although note
if this occurs. It is important that the slab and the probe hole remain air tight for
sampling and that cracks are noted.

4.3

Drill a 5/16” or 3/8” diameter hole through the remainder of the slab and approx. 3”
down into the sub-slab material (See Figure 3). Drilling into the sub slab material creates
a void that is free of obstructions that might plug the probe during sampling. Record the
total depth of the slab and the depth drilled into the sub slab material.
4.3.1

Bees wax seal
4.3.1.1 Once the total depth of the slab is known, mark the probe, a piece of ¼”
OD Teflon tubing, at a distance from the end that is no more than the
depth of the slab. This will serve as a reference point when the tube is
inserted into the hole. The tube will be inserted far enough into the slab
when the mark is even with the surface of the slab.
4.3.1.2 Then wrap the tube with Teflon tape approx 1 inch from the end. This
will serve as a dam to stop the melted wax from plugging the tip of the
probe. Make sure the tape is thick enough to contact the sides of the
wall, but not so thick that the tube can not be inserted to the appropriate
depth.
4.3.1.3 Wipe the walls of the hole using the Q-tip. This removes any remaining
dust allowing the wax to make a better seal with the wall. Insert the
sample tube to the appropriate depth.
4.3.1.4 Put some bees wax in a VOA vial or other glass vessel. Using a lighter,
heat the glass to melt the wax and then pour the wax into the hole. Be
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sure to get wax on all sides of the smaller diameter hole by moving the
sample tube away from the walls. Continue to add wax until the small
diameter is completely full and there is about ¼” in the larger diameter
well. (See figure 5 and 6).
4.3.1.5 Let the wax cool for 10 minutes.
4.3.1.6 Be sure to never leave the probe hole open to atmosphere for extended
periods to minimize the effects of surface infiltration.
4.3.1.7 Be careful to never put to much force on the sampling tube. The wax is
only a temporary seal, and its sealing integrity can be compromised
easily
4.3.2

Fix-It-All or mortar seal
4.3.2.1 Once the total depth of the slab is known, be sure that the probe (1/4”
stainless steel tube with Swagelock or equivalent nut and ferrule) is cut
with a hacksaw so that it does not extend beyond the bottom of the slab.
Attach the probe union (1/4” male Swagelock to 1/8” female NPT) to the
probe and tighten. Wrap the probe seal with Teflon tape and tighten into
the union. See Figure 8 for an expanded view of the probe parts. It may
be useful to wrap the probe with several wraps of Teflon tape close to the
end of the probe. This will serve as a dam to prevent excessively moist
and runny seal material from running down the probe and blocking the
opening.
4.3.2.2 Clean all residual drilling cuttings and wet the walls of the hole using the
Q-tip or moistened paper towel. This helps the mortar bond to the
drilled concrete. Prepare the mortar in accordance with manufacturer’s
directions to a stiff consistency. Make sure that the consistency is such
that the mixture will not run down the sides of the hole and potentially
clog the probe or hole. Only mix an amount that can be used in 15
minutes. Place sample probe and sample union part way into the hole as
shown in Figure 4. The probe tip should be at least one inch into the
smaller diameter hole, but not so far that mortar can not be easily placed
in the large diameter hole around the probe fittings. It is critical that the
mortar mixture does not get into either end of the probe and cause a
plug. Using the tongue depressor or similar tool, apply mortar around
the base of the sampling probe and sampling union such that it will be
sealed once it is in place.
4.3.2.3 Fill the hole with mortar, and press the probe further into the hole until
its top is flush with the floor. In doing so, slightly wiggle the probe to
create good ‘wetting’ contact between the probe and the mortar as well
as the mortar and the drilled concrete. Scrape off excess and make sure
there is clear access to the probe. See Figure 5.
4.3.2.4 For Fix-It-All, let dry for 30 minutes. For mortar, let dry for 24 hours
4.3.2.5 Be sure to never leave the probe hole open to atmosphere for extended
periods to minimize the effects of surface infiltration.

5.0

Manifold Assembly and leak check
5.1

Make sure the sampling system is assembled (as shown in Figure 1 or 10) by connecting
the sampling manifold to the soil gas probe and the purge system. Do not connect the
flow controller or canister at this time.

5.2

Make sure the gas probe valve (valve #1) is closed.

5.3

Open the sample valve (valve #2) and the purge valve (valve #3) and turn the vacuum
pump on. Make sure that the flow meter on the vacuum pump exhaust is reading 200
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ml/min. Let the pump run for 1 minute to allow purging of potential contaminants from
the manifold

6.0

5.4

Now close valve #2 to achieve a vacuum gauge reading of 10 inches of mercury or to a
vacuum that will be encountered during sampling, which ever is greater. Close the
purge valve #3 and shut the vacuum pump off.

5.5

If the pressure in the manifold has not changed after a minute, then the manifold is
considered leak free. If not, repair any leaks prior to use and re-check the manifold.

5.6

Record the leak check date and time on the field sampling log.

Probe Leak Check and Probe Purging
6.1

The sampling system needs to be leak-checked with helium and purged before sampling.
6.1.1

Remove the probe seal insert, wrap the sampling union fitting threads (1/8” male
NPT to ¼” male Swagelock or equivalent) with Teflon tape (wrap the NPT
threads only), and tighten into the exposed probe fitting. Thread the Teflon
sample tubing through the rubber grommet in the leak check enclosure from the
outside, and attach the tube to the sampling union using a nut and ferrule. Slide
the enclosure down so it seals on the concrete slab. Attach the other end of the
sample tube to the sampling manifold. See Figure 6 and 7.

6.1.2

Attach tubing to the flow meter on the helium tank regulator and the other end to
the enclosure. Attach the exhaust tube to the enclosure and position the other
end as far away as possible to avoid detection by the helium leak detector. See
figure 9.

6.1.3

Put the helium detector on the exhaust line from the sample pump. Make sure
valve 1 is closed. Open valves 2 and 3. Turn on the sample pump and helium
detector.

6.1.4

Open the helium tank and set the flow meter for approximately 200 ml/min.
Allow it to flow for 1 minute to fill the leak check enclosure before starting the
purge. Make sure that the detector is not reading any helium before starting the
purge.

6.1.5

Purging is carried out by pulling soil gas through the system at a rate of 200
milliliters /min for a time period sufficient to achieve a purge volume that equals
at least 3-5 dead volumes. When calculating the dead volume, be sure to take
into account the inside diameter and length of the Teflon sample tubing, the
inside diameter and length of the sample probe, as well as any additional annular
space created in the slab and sub slab material.

6.1.6

Close valve #2 and open valve #1 simultaneously and start timing for the purge
volume. During the purge, observe the helium detector for indication of probe
leakage (e.g. infiltration of room air into the probe). If a reading of >1% (verify
that this limit is consistent with appropriate project specific agency guidance) is
observed, then the probe leak check has failed, and corrective action is required.
There are 3 options:
6.1.6.1 Make sure that all the fittings are tight
6.1.6.2 Try fortifying the probe seal by adding more sealing material and
repeating the purge and leak check procedure
6.1.6.3 If that fails, abandon the hole, drill a new one, and repeat the whole
procedure.

6.1.7

At the end of the purge time, close valves #1 and #3 and turn the pump off. If at
any time during the purge the detector read <1%, then the system is leak free and
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ready for sampling. If >1% was observed, then check the fittings and try again.
If <1% cannot be achieved, then this probe must be abandoned and a new hole
drilled. Be sure to record the helium leak check value on the field sheet.
6.1.8
7.0

8.0

Close the helium tank valve.

Sampling
7.1

The Summa canister has been evacuated to near absolute zero pressure. Care should be
used at all times to prevent inadvertent loss of canister vacuum. Never open the valve
affixed to the canister unless the intent is to collect sample or check the pressure. Use
only a canister that has been certified to be clean.

7.2

Remove the canister valve cap, attach the vacuum gauge to the canister, and open the
canister valve. Record the pressure reading and close and remove the valve. The
pressure in the canister should be between 28” and 30” of mercury. If not, then the
canister has leaked and should not be used for sampling.

7.3

Connect the flow controller to the manifold (at valve #2) and the Summa canister to the
flow controller. The port on the flow controller that reads ‘HP’ or ‘In’ should be attached
to the manifold. The port that reads ‘LP’ or ‘Out’ should be attached to the canister. Use
only a flow controller that has been cleaned and properly adjusted.

7.4

To take the sample, confirm valve #3 is closed, and open valves #1 and #2. Slowly open
the canister valve approximately one (1) full turn, and start timing. Record the start time
on the field sampling log. During the sampling period, record the lowest pressure from
the manifold gauge on the field log.

7.5

After sampling for the appropriate amount of time (determined from project instructions,
see Table 2), close the sample valve (valve #2) and the canister’s valve. If the canister has
a built in or assigned pressure gauge allow the canister to fill until the vacuum pressure
reaches 0 – 10 inches Hg. Remove the canister from the sampling manifold.

7.6

If using an external vacuum gauge, re-attach it, open the canister valve, and record the
final pressure. Close the valve, remove the gauge, and replace and tighten the cap on the
canister. Ideal pressure in the canister is between 0-10” Hg. More than 10” Hg can affect
greatly increase reporting limits. Consult with the project team if this condition is
encountered.

7.7

Record the sampling date, time, canister ID, flow controller ID, and any other observation
pertinent to the sampling event on the field sampling log. The indoor and outdoor
temperature and barometric pressure should be recorded.

7.8

Be sure the cap is tight and verify that canister valve is closed.

7.9

Fill out all appropriate documentation (sampling forms, sample labels, chain of custody,
sample tags, etc.).

7.10

Disconnect the sample tubing from the probe, and remove the sampling union.

Probe Abandonment
8.1

After sampling, it is critical that the probe either be removed or plugged to prevent the
creation of a new pathway for vapor intrusion.

8.2

If the probe is to be used again in the future, wrap the probe seal insert with Teflon tape,
and tighten it into the probe opening using a hex key until it is tight and flush with the
concrete floor.

8.3

If the probe is to be removed, insert the removal fitting into the probe. Using a crow bar,
remove the entire probe assembly. If the probe can not be removed in this manner, then
over drill the probe with the drill and 1” bit.

8.4

Fill the hole with cement mix.
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Table 1 – Probe Seal Types
Probe Type

Suggested Probe Seal

Benefits

Bees Wax

Quick. Can Set probe and
take sample in one visit
Easy to remove

Semi-permanent

Fix-it-all

Sets up fairly quickly (>30
min.), but may require 2 visits
on the same day
Solid seal
Easy to remove

Permanent

Mortar (Quikrete Mix
#1102)

Temporary

Drawbacks
Wax is brittle when cool
and is very susceptible
to leakage

Not good for wet
environments. Material
breaks down

Takes at least 24 hours
to set.
Will require at least 2
visits on consecutive
days
Difficult to remove

Solid permanent seal
Good for multiple sampling
events

Table 2 - Common Sampling Rates for Sub Slab Sampling

Can Size

Length of
sampling time

Sampling Flow
Rate (ml/min)

6 Liter
6 Liter

1 hour
8 hours

90
11.25

6 Liter

24 hours

3.75

1 Liter

5 minutes

180

1 Liter

1 hour

15

850 ml

5 minutes

150

850 ml

1 hour

12
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Figure 1 – Sub slab Sampling
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Figure 2 – Drilling 1” mortar hole to a
depth of 1 ¾”

Figure 3 – Drilling 3/8” probe hole

Figure 4 – Installing Probe with mortar

Figure 5 – Installed probe, flush with slab
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Figure 6 – Installed probe with sample tube

Figure 7 - Installing the helium leak check assembly

Sampling Tube

Sampling Union

Removal Plug

Figure 8 – Probe Parts
Probe Union
Probe Seal

Probe
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In

Figure 9 –Helium Leak Check Assembly

Sample Line

Helium In
Helium Out
Leak Check Enclosure
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Figure 10

Valve 1
Manifold
Valve 3
Valve 2

Flow Controller

Canister
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CH2MHILL

Applied Sciences Laboratory

Indoor Vapor Intrusion Assessment
Sub-slab Vapor Field Sampling Log - Summa Canister Method
Project Info
Project Name:

Project # :

By:

Date:

Structure
Identification:
Address:
Slab Information:
Concrete slab on grade (directly on top of soil)

Other (describe)

Concrete slab on gravel underlayment
Condition of slab
Type of Sub Slab Soil
Is water present in the soil

Sub-slab Probe Installation, Leak Checking, Probe Purging, & Sampling Log
Sample location (show in diagram)

1

2

3

4

Sample Identification (field ID)
Probe Installation

Depth of slab (inches)
Depth of hole drilled (inches below slab
surface)
Depth of installed probe (inches below
slab surface)

Manifold Leak
check
Probe Purge

Leak check (sampling manifold) Pass/No Pass
Purge rate, cc/min.
Purge Start (time of day)
Purge vacuum, " Hg
Purge completed (time of day)

Helium Leak
Check (optional)

Leak check (Helium) - %

Canister Sampling

Canister & flow controller ID (if used)
Initial Canister Pressure (" Hg)
Sampling rate, cc/min
Sampling period started (time of day)
Sampling vacuum, " Hg
Sampling period ended (time of day)
Final Canister Pressure (" Hg)

Observations and Comments:

– Sampling Manifold
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Attachment 2

1

STANDARD OPERATING PROCEDURE

3

Long-Term Measurement of Subslab/Indoor Air
Pressures for Vapor Intrusion Investigations

4

1. Background

2

5
6
7
8
9
10

Vapor intrusion is often driven by advective transport of air from soil to indoor air. The
movement of vapors located near a building foundation is often affected within an area
referred to as the “zone of influence” (a zone approximately within one meter within a
foundation). Chemicals in soil gas entering this zone are drawn into the building via
advection and convection resulting from building interiors that exhibit a negative pressure
relative to the outdoors and the surrounding soil.

11
12

According to regulatory guidance, this pressure differential can occur from one or more
factors:

13
14

•

Operation of HVAC system including inadequate makeup air and unbalanced air
supply and exhaust systems;

15
16

•

The use of fireplaces and other combustion sources, which results in venting of exhaust
gases to the exterior;

17

•

Exhaust fans in bathrooms and kitchens that may not be adequately balanced

18
19

•

Higher temperatures indoors relative to outdoors during the heating season or as a
result of solar radiation on rooftops (stack effect); and

20
21

•

Pressure exerted on the wall of a building caused by wind movement over the building
(Bernoulli’s principle).

22
23
24
25

The combination of these actions/conditions results in a net convective flow of soil gas from
the subsurface through the building foundation to the building interior. Measurements can
be made to evaluate the potential for convective flow of soil gas, and hence evaluate the
potential for vapor intrusion into a building.

26

2. Purpose and Objectives

27
28
29
30

This Standard Operating Procedure (SOP) identifies procedures to provide data for
understanding pressures differences between building interior and beneath the building
slab (i.e. subslab). This SOP does not include procedures for building observation; these are
covered in the Building Survey SOP.

VAPOR INTRUSION - BEST PRACTICES
PAGE 1 OF 5

REV. 06/19/08 MEB

THIS SOP IS TO BE USED IN CONJUNCTION WITH A WORKPLAN DEVELOPED SPECIFICALLY FOR EACH PROJECT.
PLEASE OBTAIN APPROPRIATE SENIOR REVIEW BEFORE IMPLEMENTING THIS SOP IN THE FIELD.

1

3. Materials

2
3
4

3.1. Install subslab probes in accordance with CH2M HILL’s SOP Standard Operating
Procedure for the Installation of Sub-Slab Probes and the Collection of Vapor Samples Using
Summa® Canisters

5
6

3.2. Omniguard 4 differential pressure monitor with data logger
(http://www.engsolinc.com/docs/og/OG4broch.pdf).

7
8
9

3.3. Barometric data logger (Solinst
http://www.solinst.com/Downloads/3001/3001Manual/Introduction/Barologger
.html)

10
11
12

3.4. Hand-held digital micromanometer (TEC DG500 or equivalent
http://www.energyconservatory.com/download/dg500brochure.pdf) and Tygon
tubing (optional)

13

3.5. Tools and hardware needed to connect instruments to gas-tight Swagelok fittings.

14

4. Field Procedures

15
16

4.1. Differential pressure data logging (using the Omniguard 4 instrument) is performed
at one or more locations within the building (typically a single location).

17
18

4.2. An existing subslab probe can be used for these measurements; if needed, install and
leak-test a subslab probe using the subslab probe installation SOP.

19
20
21
22

4.3. Set up the pressure monitor in accordance with the manufacturer’s instructions. Set
the positive and negative pressures triggering the alarms to their maximum and
minimum values – this is to disable the alarms (the audible alarm also can be
disabled manually – see the manufacturer’s instructions).

23
24
25

4.4. Connect the #2 (Reference) port to the subslab probe. This assures that the pressure
difference is relative to the subsurface. If the indoor space is depressurized, this will
show as a negative pressure measurement.

26

4.5. Pressures should be reported in units of Pascals (Pa).

27
28

4.6. After startup, the pressure monitoring will record the minimum and maximum
pressures every 15 minutes.

29
30

4.7. Allow the pressure monitor to operate for a minimum of three to five days with a
recommended duration of seven days.

31
32
33

4.8. Indoor barometric pressure logging should also be performed during the same
period as differential pressure logging. Follow the manufacturer’s instructions for
operation of the Solinst barometric pressure logger.

34
35

4.9. Note that with the Solinst barometric pressure logger, barometric pressures are
reported in meters (39.37 inches)
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1
2
3

4.10.
After pressure monitoring is complete, download the differential pressure
log and the barometric pressure log to a personal computer for data reduction. Data
reduction is discussed below.

4
5
6
7
8
9
10
11

4.11.
(Optional). Due to cost and schedule constraints, long-term differential
pressure monitoring generally can be completed only at a limited number of
locations (typically, one location). If there is a concern about spatial variation in
pressure measurements in large buildings, and if multiple subslab probes have been
installed, “snapshot” pressure measurements can be made at these locations using a
hand-held digital micromanometer. The date, time and location of these
measurements should be recorded on a data form or field notebook, for comparison
with the integrated differential pressure measurements.

12

5. Data Reduction and Evaluation

13
14
15
16

5.1. Differential pressure measurements and barometric pressure measurements should
be exported to Microsoft Excel for generating tables and plots. An Excel template is
available at Vapor Intrusion VOC Share Point site/Key Documents/Best
Practices/SOPs.

17
18

5.2. Individual pressure measurements should be plotted against time. An example of a
data plot is presented below:
20

Pressure (Pa)

15
10
5

Min (Pa)

0

Max (Pa)

-5
-10
-15
11/05/07 11/06/07 11/07/07 11/08/07 11/09/07 11/10/07 11/11/07 11/12/07 11/13/07 11/14/07 11/15/07
Time (date/time)

19
20
21
22
23
24
25
26
27
28

5.3. In addition, the individual measurements can be averaged over a specified time
period (for example, a 9-hour work shift) to estimate a longer-period average
pressure difference. The longer-term average value can then be used to determine
if, overall, a building is positively pressurized (hence vapor resistant) or negatively
pressurized (hence prone to vapor intrusion). These measurements can then be used
to identify “worst-case” time periods for collecting indoor air samples. It may be
useful to collect subslab samples for analysis of volatile organic compounds under
rising or falling pressure conditions, in order to better understand spatial and
temporal variability in subslab concentrations.
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1
2
3

5.4. The plot of pressure differences also can be overlain on barometric pressure
measurements as shown below, to observe the effects of atmospheric conditions on
potential vapor intrusion pathways:

Barometric Pressure
(in)

11/6/07 Barometric Pressure
33.2
33
32.8
32.6
32.4
32.2
32
31.8
0:00

4:48

9:36

14:24

19:12

0:00

4:48

Tim e (Hours)

Pressure Difference
(Pa)

11/6/07 Pressure Survey
10
5
0

Max

-5

Min

-10
-15
0:00

4:48

9:36

14:24

19:12

0:00

4:48

Tim e (Hours)

4
5
6
7
8
9
10
11
12
13
14
15

5.5. There are no regulatory screening levels for interpreting differential pressure
measurements. However, long-term average pressure differences between indoor
air and subslab can be interpreted using EPA guidance for radon mitigation.1
Subslab depressurization systems for radon mitigation are designed to achieve a 6
to 9 Pa pressure difference between the subsurrface and indoors. This represents the
pressure difference needed to prevent soil gas intrusion into a structure where
indoor pressures are governed by heating and the operation of appliances or fans. A
matrix outlining the levels used to interpret pressure measurements is presented in
Table 1. The need for further investigation of the potential vapor intrusion pathway
can be assessed based on the magnitude and direction of the pressure
measurements (i.e. positive relative to outdoors, or negative relative to outdoors).

1 U.S. Environmental Protection Agency (USEPA). 1993. Radon Reduction Techniques for Existing Detached Houses.
Technical Guidance (Third Edition) for Active Soil Depressurization Systems. EPA/625/R-03/011.
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6. Quality Management

2
3

Version: 0.5 (06/18/2008)

4
5
6

File Name: SOP_VI_DifferentialPressureMonitoring_Date.doc

7

Primary Contact(s): Dave MacPhaul/GNV; Karen Centafonti/PHL

8
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Minimum acceptable pressure difference
needed to prevent in a structure with either
heating effects OR appliance/fan effects
(0.01 to 0.02 in water, based on USEPA,
1993).

Range of depressurization that could occur
either from heating effects OR
appliance/fan effects (0.01 to 0.02 in water,
based on USEPA, 1993).

Range of depressurization that could occur
from heating effects and appliance/fan
effects (0.025 to 0.035 in water, based on
USEPA, 1993).

Consistent pressure measurements
of <2 to 5 Pa relative to outdoors or
subsurface.
OR
Highly variable pressure
measurements typically greater
than zero.
Consistent pressure measurements
of -5 to <2 Pa relative to outdoors or
subsurface.
OR
Highly variable pressure
measurements <5 Pa

Consistent pressure measurements
of > -6 to -9 Pa relative to outdoors
or subsurface.

Neutral to Positively
Pressurized

Neutral to Negatively
Pressurized

Negatively Pressurized

Potential driver for vapor intrusion
pathway. Further investigation may be
warranted. Consideration may need to
be given to sub slab and/or indoor air
sampling.

Potential transient (intermittent) driver for
vapor intrusion pathway may be present.
Further investigation may be warranted
to identify a potential source and
transport pathways for vapor intrusion
(i.e. groundwater and near slab
sampling).

Potential transient (intermittent) driver for
vapor intrusion pathway may be present.
Further investigation may be warranted
to identify a potential source for vapor
intrusion (i.e. groundwater sampling).

Possible Outcome
No apparent driver for vapor intrusion
pathway. Further investigation may not
be needed
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Houses. Technical Guidance (Third Edition) for Active Soil Depressurization Systems. EPA/625/R-03/011.

Table Adapted from U.S. Environmental Protection Agency (USEPA). 1993. Radon Reduction Techniques for Existing Detached

Note: 1 Pa = 0.004 inches of water

Comments
Based on the pressure difference needed
to prevent soil gas intrusion in a structure
with combined heating and appliance or fan
operation effects (0.025 to 0.035 in water,
based on USEPA, 1993).

Description
Consistent pressure measurements
of > 6 to 9 Pa relative to outdoors or
subsurface.

Condition
Positively Pressurized

Table 1
Suggested Interpretation of Pressure Level Measurements

