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July 31, 2013
On behalf of BP West Coast Products LLC (BP), ARCADIS U.S., Inc. (ARCADIS)
has prepared this Well Installation and Soil Vapor Investigation Work Plan (Work
Plan) for former ARCO Facility No. 04194, located at 240 NW Fourth Street in
Corvallis, Oregon (the “site”). This Work Plan summarizes proposed site
characterization work, including the installation and sampling of one offsite
groundwater monitoring well, three onsite sub-slab soil vapor probes, two offsite soil
vapor probes, and indoor and outdoor air sampling. The goals of the additional site
characterization are to complete delineation of impacted off-site media and to collect
additional subsurface soil vapor data for screening against Oregon Department of
Environmental Quality (DEQ) Risk Based Concentrations (RBCs) for applicable
receptors via the vapor intrusion pathway. The surrounding area and location of the
site are illustrated on Figure 1.
Site Description and History
The site is an approximately 10,000 square foot parcel located on the southwestern
th
corner of the intersection of NW Van Buren Avenue and NW 4 Street in Corvallis,
Oregon. The site consists of a 1,320 square foot station building with canopies on the
east and the north side. The site layout is presented on Figure 2.
The site is located in a commercial area of Corvallis and is bounded by NW Van
th
Buren Avenue to the north, NW 4 Street to the east, an alley and parking lot to the
west and a CenturyLink (formerly US West) office building to the south. A parking lot
and fire station are located across NW Van Buren Avenue to the north, and a Burger
th
King is located across NW 4 Street to the east.
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From 1957 to 1977, ARCO operated the site as a gasoline service station. In 1968,
the station was remodeled and three new underground storage tanks (UST) and
associated product distribution lines were installed (SECOR 2002). In 1977, Richard
Lindsey purchased the site and converted it to an Exxon-branded service station.
The site is associated with a Leaking Underground Storage Tank (LUST) case
(LUST File No. 02-69-4001) opened in 1991.
In 2001, site USTs were decommissioned by excavation and removal and operation
of the site as a service station ceased. The site is currently occupied by an
automotive dealer, D&M Auto Services.
Site Geology and Hydrogeology
The site is located at the western edge of the Willamette Valley. The Willamette
Valley is defined by the Cascade Range to the east, the Coast Range to the west,
the Columbia River to the north and pinches out near Cottage Grove to the south
(Orr et. al. 1992). Corvallis is situated on the alluvial and lacustrine terraces of the
southern Willamette Valley, which includes sediments from the Missoula Flood
events that occurred during the late Pleistocene and more recent floodplain deposits
(City of Corvallis 2003).
The site is located approximately 1,200 feet from the Willamette River. During a site
investigation conducted in June 2012, ARCADIS found soft to stiff clay from the
surface to approximately 21 feet below ground surface at the site. A silt and sand
layer was found below the clay (ARCADIS 2012). Similar site geology was observed
during the site investigations conducted in August 1992 by Geraghty and Miller and
in August 1995 by EMCON (Geraghty and Miller 1992; EMCON 1996).
During the first quarter 2013 semi-annual groundwater monitoring event, depth to
groundwater measured in monitoring wells at the site ranged from 8.70 feet to 10.38
feet below ground surface (bgs). The groundwater flow direction at the site is to the
southeast at an approximate gradient of 0.03 feet per foot.
Proposed Scope of Work
To complete delineation of petroleum-hydrocarbon impacted soil and groundwater,
ARCADIS proposes to install one groundwater monitoring well in the CenturyLink
parking lot west of the site. The proposed monitoring well location (MW-13) is shown
on Figure 3.
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To assess the soil vapor conditions beneath the onsite building, ARCADIS proposes
to install three sub slab soil vapor probes (SVP-1 through SVP-3) in the
2
approximately 1,320-ft onsite building. The location and density of the sub-slab
probes were selected in accordance with the DEQ Guidance for Assessing and
Remediating Vapor Intrusion into Buildings (DEQ 2010). In support of a conservative
risk-based approach, locations of the sub-slab vapor probes will be equally
distributed in the building slab, in the likely location of potential subsurface impacts,
and away from utility conduits. The proposed sub-slab vapor probe locations are
presented on Figure 3.
Additionally, ARCADIS proposes to install two soil vapor probes south of the site on
the northern edge of the CenturyLink property. Samples collected from the soil vapor
probes will be used to access soil vapor conditions to the south of the site. The
approximate locations of the proposed soil vapor probes are shown on Figure 3.
Access
ARCADIS will establish access to the adjacent properties prior to initiating
investigative activities. Site activities will be conducted in accordance with the details
of the access agreement and a copy of the agreement will be available on site during
field activities.
Utility Clearance
ARCADIS will mark out the proposed boring locations shown on Figure 3 and notify
the Oregon public utility location service a minimum of 72 hours in advance of
subsurface activities. ARCADIS will also contract a private utility locating company to
locate underground utilities prior to the initiation of drilling activities. Additionally,
ARCADIS staff will conduct a visual site inspection of the property to identify potential
utility lines. In this way, ARCADIS will establish three lines of evidence of utility
location prior to commencement of drilling activities.
Groundwater Monitoring Well Installation
One soil boring will be advanced to a depth of 20 feet bgs and completed as a
groundwater monitoring well (MW-13) at the proposed location presented on Figure
3. The monitoring well will be installed following the procedures outlined in the
ARCADIS Standard Operating Procedure (SOP) for Monitoring Well Installation
(Appendix A). The initial six and a half feet of each borehole will be cleared using an
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air-knife, vacuum truck and/or hand auger to reduce the potential for damage to
underground utilities or infrastructure not identified during utility clearance. The
borings will then be advanced by a truck-mounted hollow-stem auger rig.
The monitoring well will be constructed with 2 inch diameter Schedule 40 polyvinyl
chloride (PVC) casing and screened with 0.020 inch slotted PVC screen from
approximately 5 to 20 feet bgs. The final installation depth and screened interval may
be adjusted in the field based on the depth of static groundwater encountered during
drilling. The annular space will be filled with 20/40 silica sand to approximately one
foot above the top of the well screen. Hydrated bentonite chips will be placed above
the sand pack to approximately 1.5 feet bgs to form a filter pack seal. The remaining
annular space will then be grouted with Portland cement concrete to 6 inches bgs.
The well will be fitted with an air tight, locking well cap and completed with a traffic
rated flush-mounted well monument at the ground surface.
Soil Screening

During borehole installation for the groundwater monitoring well, soil samples will be
evaluated for lithology and will be screened at 2-foot intervals for volatile organic
compounds (VOCs) using a photo-ionization detector (PID) as well as visual and
olfactory screening methods. PID readings, soil types, and other pertinent geologic
data will be recorded on field boring logs in accordance with the ARCADIS SOP for
Soil Drilling and Sample Collection (Appendix A). The soil screening procedure
involves measuring a small aliquot from a relatively undisturbed soil sample and
placing the sample in a resealable plastic bag. The collected soil will be broken up
and allowed to rest for approximately 15 minutes after which time the head space
within the bag will be tested for VOCs, measured in parts per million (ppm) using a
PID. PID screening results will be noted on the field boring logs. PID concentrations
of ten ppm or greater will be considered indicative of potential hydrocarbon impacts.
Groundwater Monitoring Well Development

ARCADIS will wait a minimum of 24 hours after well installation to develop the newly
installed groundwater monitoring well. Development will aid in the removal of finegrained sediments from the well screen and sand pack as described in the attached
ARCADIS SOP for Monitoring Well Development (Appendix A). ARCADIS will
develop the wells by alternatively surging and purging water from the well. ARACDIS
will use a surge block to swab the well screen to facilitate the removal of fine-grained
deposits from the formation near the monitoring well, boring wall and from the filter
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material. After surging the monitoring well, ARCADIS will use a submersible pump to
remove water containing suspended sediments from the well. ARCADIS will continue
the process of surging and purging until groundwater turbidity readings stabilize or
until visual inspection suggests a decrease in suspended sediments. ARCADIS will
record water quality parameters such as pH, temperature and electrical conductivity
collected during well development.
Groundwater Sample Collection and Analysis

After the newly installed well is developed, ARCADIS will collect groundwater
samples using low-flow purging and sampling methods. ARCADIS will measure
groundwater parameters with a Horiba U-52 water quality meter as described in the
attached SOP for Low-Flow Groundwater Purging and Sampling Procedures for
Monitoring Wells (Appendix A). ARCADIS will also record electrical conductivity,
dissolved oxygen, pH, turbidity, temperature, and oxidation reduction potential during
the purging process to assess groundwater stabilization prior to sample collection.
Groundwater samples will be collected in laboratory-provided jars, stored in cooler
with ice, and submitted to a State of Oregon-certified laboratory.
ARCADIS will submit groundwater samples to a State of Oregon-certified laboratory
for analysis. Standard chain of custody procedures will be followed from the time the
samples are collected until the time the samples are relinquished to the laboratory
according to the ARCADIS SOP for Chain of Custody, Handling, Packing and
Shipping (Appendix A). Groundwater samples will be submitted for the following
analyses:


Total petroleum hydrocarbons – gasoline range organics (GRO) by Northwest
Method NWTPH-Gx



Total petroleum hydrocarbons – diesel range organics (DRO) and heavy-oil
range organics (HO) by Northwest Method NWTPH-Dx



Benzene, toluene, ethylbenzene, total xylenes (BTEX) and naphthalene by
USEPA method 8260B



Total and dissolved lead by USEPA method 6020.

Groundwater samples submitted for analysis of BTEX and GRO will be dispensed
directly into hydrochloric acid preserved 40-milliliter vials. Groundwater samples
submitted for dissolved lead will be filtered in the field using a 0.45 micron filter and
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placed into nitric acid preserved polyethylene jars. Total lead samples will be placed,
unfiltered, into nitric acid preserved polyethylene jars.
Sub Slab Soil Vapor Probe Construction and Installation
To evaluate the risk of vapor intrusion into the onsite building, ARCADIS proposes
the installation of three permanent sub-slab vapor probes (SSVP-1 through SSVP-3).
Figure 3 shows the proposed locations of the sub-slab vapor probes. Final locations
will be dependent upon visual reconnaissance by ARCADIS field staff and the results
of utility clearance and a ground penetrating radar survey of the building slab. Care
will be taken to install the sub-slab vapor probes away from any floor drains or utility
conduits. ARCADIS will also contact property owners, electricians, and/or plumbers
as necessary to determine the slab thickness in the building. If slab construction
cannot be determined prior to field activities, a pilot hole will be advanced to
determine slab thickness.
ARCADIS will follow the procedures outlined in the ARCADIS SOP for Sub-Slab Soil
Gas Sampling and Analysis Using USEPA Method TO-15 –Permanent Probe
Approach (Appendix A). As stated in the SOP, any coverings, such as carpet, will be
removed from the top of the slab to the extent necessary. A 1½-inch drill bit will be
used to core approximately 1½-inches into the slab, so that following installation the
top of the sampling equipment will be flush with the slab. A ½-inch diameter hole will
then be cored in the center of the existing hole using an electric drill. The ½-inch
diameter hole will be advanced through the thickness of the slab and approximately
3-inches into the sub-slab fill material. Observations regarding approximate soil type
and presence or absence of a plastic sub-slab sheet will be noted at this time.
Historical groundwater monitoring data indicate that the average static groundwater
level at the site is approximately 8.5 feet bgs. The highest recorded groundwater
level at the nearest well (MW-2) was approximately 4 feet below TOC (February 27,
1996). Based on the historical data, groundwater and/or the capillary fringe will not
likely be encountered during sub-slab probe installation. However, if the sub-slab fill
material is wet, installation activities will be terminated and the hole will be grouted to
prevent groundwater seepage into the building.
Sub-slab vapor probes will be constructed from ¼-inch outer diameter (OD)
chromatography grade 316 stainless steel tubing and stainless-steel compression to
thread fittings (Swagelok coupling and nuts). The length of stainless steel tubing will
be determined based on the thickness of the slab to ensure that the probes “float” in
the slab to avoid obstruction of the probe with sub-slab material. An assembled
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sample probe will be used to test the fit of the probe in the opening created in the
slab. The larger, shallow 1½-inch diameter hole may be adjusted such that the top of
the probe is flush with the slab. The ½-inch diameter hole will be re-drilled to ensure
it remains clear. Finally, the probe will be wrapped with Teflon tape to create a snug
fit of the assembly and hole. A quick-drying Portland cement that expands upon
drying will be placed into the annular space between the probe and the outside of the
larger diameter (1½-inch) hole. The cement must cure for at least 24 hours prior to
sampling.
Sub-Slab Vapor Sample Collection and Analysis

Soil vapor samples will be collected from each sub-slab vapor probe location (SVP-1
through SVP-3) according to the ARCADIS SOP for Sub-Slab Soil Gas Sampling and
Analysis Using USEPA Method TO-15 – Permanent Probe Approach (Appendix A).
Due to the potential introduction of atmospheric oxygen into the vadose zone during
sub-slab vapor probe installation, a stabilization period is required to allow sub-slab
vapors to equilibrate with the subsurface. Following a minimum 24-hour equilibration
period, the sub-slab soil vapor probes will be sampled. Purging of the sub-slab soil
vapor probes is not necessary as the soil vapor conditions under the soil vapor probe
are assumed to be representative of typical sub-slab conditions.
Soil vapor samples will be collected in one-liter 100% certified Summa canisters (or
an acceptable, laboratory provided alternative) at a flow rate of less than 200
milliliters per minute (mL/min). To ensure integrity of the sampling system, a leak test
will be conducted. The sampling port and entire sampling train will be placed in an
enclosure (“shroud”) and a tracer compound (helium) will be introduced to the
enclosure. Both field methods and laboratory analysis for the tracer compound will be
used to assess potential leakage. Following Summa canister sample collection,
laboratory provided sorbent tubes will be connected to the sampling train, leak check
procedures will be repeated, and the sorbent tube samples will be collected with a
portable vacuum pump or disposable syringe fitted with a three way valve per the
procedure described in the ARCADIS SOP for Soil-Gas Sampling and Analysis
Using Method TO-17 and TO-15 (Appendix A). The sub-slab samples will be shipped
under standard chain-of custody protocols to a State of Oregon-certified laboratory
for analysis of the compounds listed below.
For each day of sub-slab vapor sampling, a duplicate sample will be collected in-line
with its respective parent sample. Sub-slab vapor samples will be submitted to a
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State of Oregon-certified laboratory for analysis of the following constituents of
interest:


GRO and BTEX, naphthalene, 1,2,4-trimethylbenzene and 1,2,5trimethylbenze by Modified TO-15



DRO and HO by Modified TO-17



Oxygen, Carbon Dioxide, Methane and Helium by Modified American Society
for Testing and Materials (ASTM) D-1946.

Soil Vapor Probe Installation
To evaluate soil vapor conditions south of the site building, ARCADIS proposes the
installation of two permanent soil vapor probes (VP-4 and VP-5). The probes will be
located in the alleyway between the site building and the adjacent CenturyLink
building as presented in Figure 3. The final probe locations will be dependent upon
visual reconnaissance by ARCADIS field staff and the results of utility clearance and
a ground penetrating radar survey.
Soil vapor probe installation and sampling will follow the guidelines presented in the
DEQ Guidance for Assessing and Remediating Vapor Intrusion in Buildings (DEQ
2010). According to historical groundwater monitoring data, seasonal groundwater
fluctuations near the proposed soil vapor probe locations range from approximately 4
feet bgs during the wet season to 13 feet bgs during the dry seasons. Each
permanent soil vapor probe will contain two soil vapor screens set at approximate
depths of three and seven feet bgs. The soil vapor probe depths may be adjusted in
the field based on soil properties. The deeper soil vapor probes will be installed if the
groundwater table is below eight feet bgs.
ARCADIS will manually clear each soil vapor probe location to approximately eight
feet bgs with a hand auger. After each boring has been advanced to its final depth,
ARCADIS will install a deep vapor screen at approximately 7 feet bgs. Each 6-inch
long, 0.375-inch outer diameter stainless steel soil vapor screen will be set in one
foot interval of standard sand pack, allowing approximately three-inches of sand
above and below the screen. Approximately one foot of dry granular bentonite will be
placed above the deep sand pack followed by an additional foot of hydrated granular
bentonite to create a water tight seal between the shallow and deep vapor screens.
The shallow vapor screen will be set at approximately 3 feet bgs in the middle of a
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one foot sand pack above the hydrated bentonite. Approximately one foot of dry
bentonite will be placed above the shallow sand pack followed by hydrated bentonite
to approximately 1.5 feet bgs. The remaining annulus will be capped with a Portland
cement concrete cap and a flush mounted, traffic rated well box at the ground
surface. Teflon tubing (or equivalent) will connect the soil vapor screens to the
surface and will be capped with a vapor-tight valve or cap to eliminate the potential
for barometric pressure fluctuations to induce vapor transport between the
subsurface and the atmosphere. The valve will be installed in the closed position to
allow equilibration of soil vapor concentrations immediately after installation.
Soil Screening

During borehole installation for the soil vapor probes, soil samples will be evaluated
for lithology and will be screened at 2-foot intervals for VOCs using a PID as well as
visual and olfactory screening methods. PID readings, soil types, and other pertinent
geologic data will be recorded on field boring logs in accordance with the ARCADIS
SOP for Soil Drilling and Sample Collection (Appendix A). The soil screening
procedure involves measuring a small aliquot from a relatively undisturbed soil
sample and placing the sample in a resealable plastic bag. The collected soil will be
broken up and allowed to rest for approximately 15 minutes after which time the head
space within the bag will be tested for VOCs, measured in ppm using a PID. PID
screening results will be noted on the field boring logs. PID concentrations of ten
ppm or greater will be considered indicative of potential hydrocarbon impacts.
Soil Vapor Sample Collection and Analysis

Due to the potential introduction of atmospheric oxygen into the vadose zone during
soil vapor probe installation, an equilibration time is required to allow the sand pack
and tubing to equilibrate with the subsurface. A minimum of 48 hours will be allowed
for equilibration before purging and sampling of the soil vapor probes.
Purging will consist of removing approximately three volumes of stagnant soil vapor
from the sampling train at a flow rate of ≤ 200 mL/min. The purge volume will be
calculated based on the dimensions of the above-ground gauges, tubing, sampling
equipment, below-ground tubing and soil vapor probe. Purge volume calculation,
field conditions, flow rate, pump specifics and other applicable information will be
recorded by field personnel on soil vapor sample collection logs as described in the
ARCADIS SOP for Soil-Gas Sampling and Analysis Using Method TO-17 and TO-15
(Appendix A).
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A leak test will be conducted to ensure the integrity of the sampling system. The well
head and entire sampling train (valves, tubing, gauges, manifold and sample
canister) will be placed in an enclosure with pliable weather stripping along the base.
A tracer check compound (laboratory grade helium) will be permitted into the
enclosure.
A level of approximately ten percent helium will be maintained in the enclosure using
a portable helium detector. Analysis for the tracer compound in the soil vapor sample
will be used to assess if leakage has occurred. The soil vapor samples will then be
collected using 1-liter 100% certified Summa canisters (or an acceptable laboratoryprovided alternative) at a flow rate of ≤ 200 mL/min. A vacuum of less than 10 inHg
will be maintained throughout sampling. Soil vapor sampling will be stopped when
the canister vacuum has dropped to no less than 5 inHg. Following Summa canister
sample collection, laboratory provided sorbent tubes will be connected to the
sampling train, leak check procedures will be repeated, and the sorbent tube
samples will be collected with a portable vacuum pump or disposable syringe fitted
with a three way valve per the procedure described in the ARCADIS SOP for SoilGas Sampling and Analysis Using Method TO-17 and TO-15 (Appendix A)..
A duplicate sample will be collected in-line with its respective parent sample for each
day of sampling and an equipment blank sample will be collected using a laboratory
supplied air source and submitted to the laboratory for quality assurance purposes.
Soil vapor samples will be submitted to a State of Oregon-certified laboratory for
analysis. Standard chain of custody procedures will be followed from the time the
samples are collected until the time the samples are relinquished to the laboratory.
Vapor samples will be submitted for the following analyses:


GRO, BTEX, Naphthalene, 1,2,4-trimethylbenzene and 1,2,5-trimethylbenze
modified method TO-15



DRO and HO by method TO-17



Helium, carbon dioxide, methane, and oxygen by ASTM D1946.
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Contingency Sampling for Flammable Samples

Potentially flammable soil vapor samples cannot be transported or shipped in a
Summa canister per Department of Transportation/ International Air Transport
Association (DOT/IATA) regulations. Prior to sample collection, each of the soil vapor
and sub slab probe locations will be assessed for flammability referenced to the
lower explosive limit (LEL) of methane using a 4 gas meter. If fixed gas field
screening detects flammable vapors in soil gas in exceedance of the LEL, only
sorbent tubes samples will be collected. Sorbents tubes are packed with sorbents of
increasing strengths and their analysis using EPA Method TO-17 is capable of
achieving the same target compound list as TO-15 with reporting limits below
applicable site RBCs. Sorbent tubes will be analyzed for the following:
GRO, DRO, HO, BTEX, naphthalene, 1,2,4-trimethylbenzene and 1,2,5trimethylbenze by Modified TO-17.
Soil Sample Collection and Analysis
ARCADIS will collect at least two and up to four soil samples during the installation of
the groundwater monitoring well. Soil sample collection will be conducted using
USEPA method 5035 in accordance with the ARCADIS SOP for Soil Drilling and
Sample Collection (Appendix A). The soil samples will be collected according to the
following guidelines:


One soil sample will be collected from the upper three feet of each borehole



One additional soil sample will be collected from the borehole immediately
above the capillary fringe



If field screening methods indicate the possibility of petroleum hydrocarbon
impacts in soil, then up to two additional samples will be collected where
screening methods indicate the greatest potential impacts.

ARCADIS will collect at least one and up two soil samples from each soil vapor
probe locations. The first sample will be collected from the bottom of the boring or
above the groundwater interface if groundwater is encountered. A second sample will
be collected if field screening methods indicate the presence of petroleum
hydrocarbon impacts in soil.
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ARCADIS will submit soil samples to a State of Oregon-certified laboratory for
analysis. Standard chain of custody procedures will be followed from the time the
samples are collected until the time the samples are relinquished to the laboratory
according to the ARCADIS SOP for Chain of Custody, Handling, Packing and
Shipping (Appendix A). Soil samples will be submitted for the following analyses:


GRO by Northwest Method NWTPH-Gx



BTEX and naphthalene by USEPA method 8260B



Total lead by USEPA method 6020.

Soil samples submitted for analysis of GRO and BTEX will be preserved in the field
in accordance with USEPA Method 5035A and placed in laboratory provided 40
milliliter vials. Otherwise, soil samples will be collected in new glass jars provided by
the laboratory.
Indoor Air and Sub Slab Radon Sampling and Analysis
The site is currently occupied by a used car dealership and the interior of the station
building is used for car repair. Typically, sub slab vapor sampling is conducted
concurrently with indoor air sampling to access background ambient conditions and
to estimate an attenuation factor between concentrations in the subsurface and
concentrations in indoor air. However, given the current use of the interior of the
building (car repair, parts cleaning, waste oil storage, etc.), background VOCs in
indoor air unrelated to subsurface impacts are likely. In lieu of indoor air data,
ARCADIS proposes to analyze radon in sub slab vapor, and indoor ambient air and
use the results as a proxy for VOC and petroleum hydrocarbon attenuation.
Radon is common in many locations in Oregon and its presence is not associated
with former station operations. Radon analysis will allow for a reasonable
approximation of vapor attenuation between the subsurface and indoor air without
interference from ambient VOC sources. Accordingly, ARCADIS will collect radon in
the sub-slab vapor using a Durridge RAD7 portable radon detector as described in
ARCADIS SOP for Radon Measurement in Support of Vapor Intrusion Investigations
(Appendix A).
Two indoor air samples will be collected concurrently with sub-slab soil vapor
sampling using a Short Term Radon Test Kit according to the ARCADIS SOP for
Radon Measurement in Support of Vapor Intrusion Investigations (Appendix A).
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Indoor air samples IA-1 and IA-2 will be collected from the office and the auto service
area of the building. The proposed indoor air sampling locations are shown on Figure
3. The indoor air samples will be shipped under standard chain-of-custody protocols
to a National Radon Proficiency Program (NRPP)-certified laboratory for analysis of
the compounds listed below.
For each day of indoor air radon sampling, a duplicate sample will be collected.
Indoor air radon samples will be submitted to a NRPP-certified laboratory for the
following analysis:


Radon by USEPA Method 520/1-89-009.

Outdoor Ambient Air Sampling and Analysis
Outdoor ambient air sampling will be collected concurrently with sub-slab soil vapor
sampling. The outdoor air samples will be collected outside the onsite building. The
outdoor ambient air sample will be collected using a 1-Liter 100% certified Summa
canister with a flow controller set to collect the sample over a 4 or 8 hour
period..Summa canister sampling will be stopped when the canister vacuum has
dropped to no less than 5 inches of mercury (inHg). In addition to outdoor air
sampling with a Summa canister, outdoor air will also be sampled with laboratory
provided sorbent tubes. Sorbent tube samples will be collected with a calibrated
personal air pump or disposable syringe fitted with a three way valve until the
laboratory specified sample volume has been introduced to the tube. The outdoor
ambient air samples will be shipped under standard chain-of custody protocols to a
State of Oregon-certified laboratory for analysis of the compounds listed below. The
proposed outdoor ambient air sample location is shown on Figure 3.
The outdoor ambient air Summa canister will be submitted to a State of Oregoncertified laboratory for analysis of the following analyses:


GRO and BTEX, naphthalene, 1,2,4-trimethylbenzene and 1,2,5trimethylbenze by Modified TO-15



DRO and HO by Modified TO-17.
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Decontamination
Drilling and sampling equipment exposed to soil and/or groundwater will be cleaned
following the installation of each boring. Decontamination of non-dedicated or nondisposable field equipment will be conducted using an Alconox solution and
deionized water rinse between collections of each sample to prevent potential crosscontamination as described in the ARCADIS SOP for Field Equipment
Decontamination (Appendix A).
Waste Management
ARCADIS will store soil cuttings, purged groundwater, and decontamination water
generated during the field activities in new DOT-approved 55-gallon steel drums in
accordance with the attached SOP for Investigation-Derived Waste Handling and
Storage (Appendix A). Drums will be appropriately labeled and temporarily stored onsite pending waste characterization and disposal at an appropriate off-site disposal
facility.
Well Survey
A State of Oregon licensed surveyor will survey the horizontal locations and ground
surface elevations of the monitoring well and soil vapor probe locations with the
same horizontal and vertical datum and units as previous surveys performed at the
site.
Summary Report Preparation
A report summarizing well installation field activities and analytical results will be
prepared by ARCADIS and submitted to DEQ subsequent to receipt of final analytical
data. If you have questions or comments regarding this Work Plan, please contact Alex
Lopez at 503.220.8201 ext. 1122 or by email at alex.lopez.iii@arcadis-us.com.
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I.

Scope and Application

The procedures set out herein are designed to produce standard groundwater
monitoring wells suitable for: (1) groundwater sampling, (2) water level measurement,
(3) bulk hydraulic conductivity testing of formations adjacent to the open interval of the
well.
Monitoring well boreholes in unconsolidated (overburden) materials are typically drilled
using the hollow-stem auger drilling method. Other drilling methods that are also
suitable for installing overburden monitoring wells, and are sometimes necessary due
to site-specific geologic conditions, include: drive-and-wash, spun casing, Rotasonic,
dual-rotary (Barber Rig), and fluid/mud rotary with core barrel or roller bit. Direct-push
techniques (e.g., Geoprobe or cone penetrometer) and driven well points may also be
used in some cases within the overburden. Monitoring wells within consolidated
materials such as bedrock are commonly drilled using water-rotary (coring or tri-cone
roller bit), air rotary or Rotasonic methods. The drilling method to be used at a given
site will be selected based on site-specific consideration of anticipated drilling/well
depths, site or regional geologic knowledge, type of monitoring to be conducted using
the installed well, and cost.
No oils or grease will be used on equipment introduced into the boring (e.g., drill rod,
casing, or sampling tools). No polyvinyl chloride (PVC) glue/cement will be used in
constructing or retrofitting monitoring wells that will be used for water-quality
monitoring. No coated bentonite pellets will be used in the well drilling or construction
process. Specifications of materials to be installed in the well will be obtained prior to
mobilizing onsite, including:


well casing;



bentonite;



sand; and



grout.

Well materials will be inspected and, if needed, cleaned prior to installation.
II.

Personnel Qualifications

Monitoring well installation activities will be performed by persons who have been
trained in proper well installation procedures under the guidance of an experienced
field geologist, engineer, or technician. Where field sampling is performed for soil or
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bedrock characterization, field personnel will have undergone in-field training in soil or
bedrock description methods, as described in the appropriate SOP(s) for those
activities.
III.

Equipment List

The following materials will be available during soil boring and monitoring well
installation activities, as required:


Site Plan with proposed soil boring/well locations;



Work Plan or Field Sampling Plan (FSP), and site Health and Safety Plan
(HASP);



personal protective equipment (PPE), as required by the HASP;



traffic cones, delineators, caution tape, and/or fencing as appropriate for
securing the work area, if such are not provided by drillers;



appropriate soil sampling equipment (e.g., stainless steel spatulas, knife);



soil and/or bedrock logging equipment as specified in the appropriate SOPs;



appropriate sample containers and labels;



drum labels as required for investigation derived waste handling;



chain-of-custody forms;



insulated coolers with ice, when collecting samples requiring preservation by
chilling;



photoionization detector (PID) or flame ionization detector (FID);



ziplock style bags;



water level or oil/water interface meter;



locks and keys for securing the well after installation;



decontamination equipment (bucket, distilled or deionized water, cleansers
appropriate for removing expected chemicals of concern, paper towels);
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field notebook.

Prior to mobilizing to the site, ARCADIS personnel will contact the drilling
subcontractor or in-house driller (as appropriate) to confirm that appropriate sampling
and well installation equipment will be provided. Specifications of the sampling and
well installation equipment are expected to vary by project, and so communication with
the driller will be necessary to ensure that the materials provided will meet the project
objectives. Equipment typically provided by the driller could include:


drilling equipment required by the American Society of Testing and Materials
(ASTM) D 1586, when performing split-spoon sampling;



disposable plastic liners, when drilling with direct-push equipment;



drums for investigation derived waste;



drilling and sampling equipment decontamination materials;



decontamination pad materials, if required; and



well construction materials.

IV.

Cautions

Prior to beginning field work, underground utilities in the vicinity of the drilling areas will
be delineated by the drilling contractor or an independent underground utility locator
service. See separate SOP for utility clearance.
Some regulatory agencies require a minimum annular space between the well or
permanent casing and the borehole wall. When specified, the minimum clearance is
typically 2 inches on all sides (e.g., a 2-inch diameter well requires a 6-inch diameter
borehole). In addition, some regulatory agencies have specific requirements regarding
grout mixtures. Determine whether the oversight agency has any such requirements
prior to finalizing the drilling and well installation plan.
If dense non-aqueous phase liquids (DNAPL) are known or expected to exist at the
site, refer to the DNAPL Contingency Plan SOP for additional details regarding drilling
and well installation to reduce the potential for inadvertent DNAPL remobilization.
Similarly, if light non-aqueous phase liquids (LNAPLs) are known or expected to be
present as “perched” layers above the water table, refer to the DNAPL Contingency
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Plan. Follow the general provisions and concepts in the DNAPL contingency plan
during drilling above the water table at known or expected LNAPL sites.
Avoid using drilling fluids or materials that could impact groundwater or soil quality, or
could be incompatible with the subsurface conditions.
Similarly, consider the material compatibility between the well materials and the
surrounding environment. For example, PVC well materials are not preferred when
DNAPL is present. In addition, some groundwater conditions leach metals from
stainless steel.
Water used for drilling and sampling of soil or bedrock, decontamination of
drilling/sampling equipment, or grouting boreholes upon completion will be of a quality
acceptable for project objectives. Testing of water supply should be considered.
Specifications of materials used for backfilling bore hole will be obtained, reviewed and
approved to meet project quality objectives. Bentonite is not recommended where
DNAPLs are likely to be present. In these situations, neat cement grout is preferred.
No coated bentonite pellets will be used in monitoring well construction, as the coating
could impact the water quality in the completed well.
Monitoring wells may be installed with Schedule 40 polyvinyl chloride (PVC) to a
maximum depth of 200 feet below ground surface (bgs). PVC monitoring wells
between 200 and 400 feet total depth will be constructed using Schedule 80 PVC.
Monitoring wells deeper than 400 feet will be constructed using steel.
V.

Health and Safety Considerations

Field activities associated with monitoring well installation will be performed in
accordance with a site-specific HASP, a copy of which will be present on site during
such activities.
VI.

Procedures

The procedures for installing groundwater monitoring wells are presented below:
Hollow-Stem Auger, Drive-and-Wash, Spun Casing, Fluid/Mud Rotary, Rotasonic, and
Dual-Rotary Drilling Methods
1.

Locate boring/well location, establish work zone, and set up sampling
equipment decontamination area.
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2.

Advance boring to desired depth. Collect soil and/or bedrock samples at
appropriate interval as specified in the Work Plan and/or FSP. Collect,
document, and store samples for laboratory analysis as specified in the Work
Plan and/or FSP. Decontaminate equipment between samples in accordance
with the Work Plan and/or FSP. A common sampling method that produces
high-quality soil samples with relatively little soil disturbance is the ASTM D
1586 - Standard Test Method for Penetration Test and Split-Barrel Sampling of
Soils. Split-spoon samples are obtained during drilling using hollow-stem auger,
drive-and-wash, spun casing, and fluid/mud rotary. Rotasonic drilling produces
large-diameter soil cores that tend to be more disturbed than split-spoon
samples due to the vibratory action of the drill casing. Dual-rotary removes
cuttings by compressed air and allows only a general assessment of geology.
High-quality bedrock samples can be obtained by coring.

3.

Describe each soil or bedrock sample as outlined in the appropriate SOP.
Record descriptions in the field notebook and/or personal digital assistant
(PDA). It should be noted that PDA logs must be electronically backed up and
transferred to a location accessible to other project team members as soon as
feasible to retain and protect the field data. During soil boring advancement,
document all drilling events in field notebook, including blow counts (number of
blows required to advance split-spoon sampler in 6-inch increments) and work
stoppages. Blow counts will not be available if Rotasonic, dual-rotary, or directpush methods are used. When drilling in bedrock, the rate of penetration
(minutes per foot) is recorded.

4.

If it is necessary to install a monitor well into a permeable zone below a
confining layer, particularly if the deeper zone is believed to have water quality
that differs significantly from the zone above the confining layer, then a
telescopic well construction should be considered. In this case, the borehole is
advanced approximately 3 to 5 feet into the top of the confining layer, and a
permanent casing (typically PVC, black steel or stainless steel) is installed into
the socket drilled into the top of the confining layer. The casing is then grouted
in place. The preferred methods of grouting telescoping casings include:
pressure-injection grouting using an inflatable packer installed temporarily into
the base of the casing, such that grout is injected out the bottom of the casing
until it is observed at ground surface outside the casing; displacement-method
grouting (also known as the Halliburton method), which entails filling the casing
with grout and displacing the grout out the bottom of the casing by pushing a
drillable plug, typically made of wood to the bottom of the casing, following by
tremie grouting the remainder of the annulus outside the casing; or tremie
grouting the annulus surrounding the casing using a tremie pipe installed to the
base of the borehole. In all three cases, the casing is grouted to the ground
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surface, and the grout is allowed to set prior to drilling deeper through the
casing. Site-specific criteria and work plans should be created for the
completion of non-standard monitoring wells, including telescopic wells.
5.

In consolidated formations such as competent bedrock, a monitoring well may
be completed with an open borehole interval without a screen and sandpack. In
these cases, the borehole is advanced to the targeted depth of the top of the
open interval. A permanent casing is then grouted in place following the
procedures described in Step 4 above. After the grout sets, the borehole is
advanced by drilling through the permanent casing to the targeted bottom depth
of the open interval, which then serves as the monitoring interval for the well. If
open-borehole interval stability is found to be questionable or if a specific depth
interval is later selected for monitoring, a screened monitoring well may later be
installed within the open-borehole interval, depending on the annular space and
well diameter requirements.

6.

Before installing a screened well – or after drilling an open-bedrock well –, it is
important to confirm that the borehole has been advanced into the saturated
zone. This is particularly important for wells installed to monitor the water table
and/or the shallow saturated zone, as the capillary fringe may cause soils above
the water table to appear saturated. If one or more previously installed
monitoring wells exist nearby, use the depth to water at such well(s) to estimate
the water-table depth at the new borehole location.
To verify that the borehole has been advanced into the saturated zone, it is
necessary to measure the water level in the borehole. For boreholes drilled
without using water (e.g., hollow-stem auger, cable-tool, air rotary, air hammer),
verify the presence of groundwater (and /or LNAPL, if applicable) in the
borehole using an electronic water level probe, oil-water interface probe, or a
new or decontaminated bailer. For boreholes drilled using water (e.g., drive and
wash, spun-casing with roller-bit wash, rotasonic, or water rotary with core or
roller bit), monitor the water level in the borehole as it re-equilibrates to the static
level. In low-permeability units like clay, fine-grained glacial tills, shale and other
bedrock formations, it may be necessary to wait overnight to allow the water
level to equilibrate. To the extent practicable, ensure that the depth of the well
below the apparent water table is deep enough so that the installed well can
monitor groundwater year-round, accounting for seasonal water-table
fluctuations. In most cases, the well should be installed at least five feet below
the water-table depth, determined as described above. When in doubt, err on
the side of slightly deeper well installation.
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If necessary, the borehole should be drilled deeper to ensure that the well may
intersects the water table or a permeable water-bearing zone.
7.

Upon completing the borehole to the desired depth, if a screened well
construction is desired, install the monitoring well by lowering the screen and
casing assembly with sump through the augers or casing. Monitoring wells
typically will be constructed of 2-inch-diameter, flush-threaded PVC or stainless
steel slotted well screen and blank riser casing. Smaller diameters may be used
if wells are installed using direct-push methodology or if multiple wells are to be
installed in a single borehole. The screen length will be specified in the Work
Plan or FSP based on regulatory requirements and specific monitoring
objectives. Monitoring well screens are usually 5 to 10 feet long, but may be up
to 25 feet long in very low permeability, thick geologic formations. The screen
length will depend on the purpose for the well and the objectives of the
groundwater investigation. Typically, the slot size will be 0.010 inch and the
sand pack will be 20-40, Morie No. 0, or equivalent. In very fine-grained
formations where sample turbidity needs to be minimized, it may be preferred to
use a 0.006-inch slot size and 30-65, Morie No. 00, or equivalent sand pack.
Alternatively, where monitoring wells are installed in coarse-grained deposits
and higher well yield is required, a 0.020-inch slot size and 10-20, Morie No. 1,
or equivalent sand pack may be preferred. To the extent practicable, the slot
size and sand pack gradation may be predetermined in the Work Plan or FSP
based on site-specific grain-size analysis or other geologic considerations or
monitoring objectives. A blank sump may be attached below the well screen if
the well is being installed for DNAPL recovery/monitoring purposes. If so, the
annular space around the sump will be backfilled with neat cement grout to the
bottom of the well screen prior to placing the sand pack around the screen. A
blank riser will extend from the top of the screen to approximately 2.5 feet above
grade or, if necessary, just below grade where conditions warrant a flushmounted monitoring well. For wells greater than 50 feet deep, centralizers may
be desired to assist in centralizing the monitoring well in the borehole during
construction.

8.

When the monitoring well assembly has been set in place and the grout has
been placed around the sump (if any), place a washed silica sand pack in the
annular space from the bottom of the boring to a height of 1 to 2 feet above the
top of the well screen. The sand pack is placed and drilling equipment extracted
in increments until the top of the sand pack is at the appropriate depth. The
sand pack will be consistent with the screen slot size and the soil particle size in
the screened interval, as specified in the Work Plan or FSP. A hydrated
bentonite seal (a minimum of 2 feet thick) will then be placed in the annular
space above the sand pack. If non-hydrated bentonite is used, the bentonite
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should be permitted to hydrate in place for a minimum of 30 minutes before
proceeding. No coated bentonite pellets will be used in monitoring well drilling or
construction. Potable water may be added to hydrate the bentonite if the seal is
above the water table. Monitor the placement of the sand pack and bentonite
with a weighted tape measure. During the extraction of the augers or casing, a
cement/bentonite or neat cement grout will be placed in the annular space from
the bentonite seal to a depth approximately 2 feet bgs.
9.

Place a locking, steel protective casing (extended at least 1.5 feet below grade
and 2 feet above grade) over the riser casing and secure with a neat cement
seal. Alternatively, for flush-mount completions, place a steel curb box with a
bolt-down lid over the riser casing and secure with a neat cement seal. In either
case, the cement seal will extend approximately 1.5 to 2.0 feet below grade and
laterally at least 1 foot in all directions from the protective casing, and should
slope gently away to promote drainage away from the well. Monitoring wells will
be labeled with the appropriate designation on both the inner and outer well
casings or inside of the curb box lid.
When an above-grade completion is used, the PVC riser will be sealed using an
expandable locking plug and the top of the well will be vented by drilling a smalldiameter (1/8 inch) hole near the top of the well casing or through the locking
plug, or by cutting a vertical slot in the top of the well casing. When a flushmount installation is used, the PVC riser will be sealed using an unvented,
expandable locking plug.

10.

During well installation, record construction details and actual measurements
relayed by the drilling contractor and tabulate materials used (e.g., screen and
riser footages; bags of bentonite, cement, and sand) in the field notebook.

11.

After completing the well installation, lock the well, clean the area, and dispose
of materials in accordance with the procedures outlined in Section VII below.

Direct-Push Method
The direct-push drilling method may also be used to complete soil borings and install
monitoring wells. Examples of this technique include the Diedrich ESP vibratory probe
system, GeoProbe®, or AMS Power Probe® dual-tube system. Environmental probe
systems typically use a hydraulically operated percussion hammer. Depending on the
equipment used, the hammer delivers 140- to 350-foot pounds of energy with each
blow. The hammer provides the force needed to penetrate very stiff/medium dense
soil formations. The hammer simultaneously advances an outer steel casing that
contains a dual-tube liner for sampling soil. The outside diameter (OD) of the outer
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casing ranges from 1.75 to 2.4 inches and the OD of the inner sampling tube ranges
from 1.1 to 1.8 inches. The outer casing isolates shallow layers and permits the unit to
continue to probe at depth. The double-rod system provides a borehole that may be
tremie-grouted from the bottom up. Alternatively, the inside diameter (ID) of the steel
casing provides clearance for the installation of small-diameter (e.g., 0.75- to 1-inch
ID) micro-wells. The procedures for installing monitoring wells in soil using the directpush method are described below.
1.

Locate boring/well location, establish work zone, and set up sample equipment
decontamination area.

2.

Advance soil boring to designated depth, collecting samples at intervals
specified in the Work Plan. Samples will be collected using dedicated,
disposable, plastic liners. Describe samples in accordance with the procedures
outlined in Step 3 above. Collect samples for laboratory analysis as specified in
the Work Plan and/or FSP.

3.

Upon advancing the borehole to the desired depth, install the micro-well through
the inner drill casing. The micro-well will consist of approximately 1-inch ID PVC
or stainless steel slotted screen and blank riser. The sand pack, bentonite seal,
and cement/bentonite grout will be installed as described, where applicable, in
Step 7 and 8 above.

4.

Install protective steel casing or flush-mount, as appropriate, as described in
Step 9 above. During well installation, record construction details and tabulate
materials used.

5.

After completing the well installation, lock the well, clean the area, and dispose
of materials in accordance with the procedures outlined in Section VII below.

Driven Well Point Installation
Well points will be installed by pushing or driving using a drilling rig or direct-push rig,
or hand-driven where possible. The well point construction materials will consist of a
1- to 2-inch-diameter threaded steel casing with either 0.010- or 0.020-inch slotted
stainless steel screen. The screen length will vary depending on the hydrogeologic
conditions of the site. The casings will be joined together with threaded couplings and
the terminal end will consist of a steel well point. Because they are driven or pushed
to the desired depth, well points do not have annular backfill materials such as sand
pack or grout.
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VII.

Waste Management

Investigation-derived wastes (IDW), including soil cuttings and excess drilling fluids (if
used), decontamination liquids, and disposable materials (well material packages,
PPE, etc.), will be placed in clearly labeled, appropriate containers, or managed as
otherwise specified in the Work Plan, FSP, and/or IDW management SOP.
VIII.

Data Recording and Management

Drilling activities will be documented in a field notebook. Pertinent information will
include personnel present on site, times of arrival and departure, significant weather
conditions, timing of well installation activities, soil descriptions, well construction
specifications (screen and riser material and diameter, sump length, screen length and
slot size, riser length, sand pack type), and quantities of materials used. In addition,
the locations of newly-installed wells will be documented photographically or in a site
sketch. If appropriate, a measuring wheel or engineer’s tape will be used to determine
approximate distances between important site features.
The well or piezometer location, ground surface elevation, and inner and outer casing
elevations will be surveyed using the method specified in the site Work Plan.
Generally, a local baseline control will be set up. This local baseline control can then
be tied into the appropriate vertical and horizontal datum, such as the National
Geodetic Vertical Datum of 1929 or 1988 and the State Plane Coordinate System. At a
minimum, the elevation of the top of the inner casing used for water-level
measurements should be measured to the nearest 0.01 foot. Elevations will be
established in relation to the National Geodetic Vertical Datum of 1929. A permanent
mark will be placed on top of the inner casing to mark the point for water-level
measurements.
IX.

Quality Assurance

All drilling equipment and associated tools (including augers, drill rods, sampling
equipment, wrenches, and any other equipment or tools) that may have come in
contact with soil will be cleaned in accordance with the procedures outlined in the
appropriate SOP. Well materials will also be cleaned prior to well installation.
X.

References

American Society of Testing and Materials (ASTM) D 1586 - Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils.
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I.

Scope and Application

Overburden drilling is commonly performed using the hollow-stem auger drilling
method. Other drilling methods suitable for overburden drilling, which are sometimes
necessary due to site-specific geologic conditions, include: drive-and-wash, spun
casing, Rotasonic, dual-rotary (Barber Rig), and fluid/mud rotary. Direct-push
techniques (e.g., Geoprobe or cone penetrometer) may also be used. The drilling
method to be used at a given site will be selected based on site-specific consideration
of anticipated drilling depths, site or regional geologic knowledge, types of sampling to
be conducted, required sample quality and volume, and cost.
No oils or grease will be used on equipment introduced into the boring (e.g., drill rod,
casing, or sampling tools).
II.

Personnel Qualifications

The Project Manager (a qualified geologist, environmental scientist, or engineer) will
identify the appropriate soil boring locations, depth and soil sample intervals in a
written plan.
Personnel responsible for overseeing drilling operations must have at least 16 hours
of prior training overseeing drilling activities with an experienced geologist,
environmental scientist, or engineer with at least 2 years of prior experience.
III.

Equipment List

The following materials will be available during soil boring and sampling activities, as
required:
•

Site Plan with proposed soil boring/well locations;

•

Work Plan or Field Sampling Plan (FSP), and site Health and Safety Plan
(HASP);

•

personal protective equipment (PPE), as required by the HASP;

•

drilling equipment required by the American Society for Testing and Materials
(ASTM) D 1586, when performing split-spoon sampling;

•

disposable plastic liners, when drilling with direct-push equipment;

•

appropriate soil sampling equipment (e.g., stainless steel spatulas, knife);
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•

equipment cleaning materials;

•

appropriate sample containers and labels;

•

chain-of-custody forms;

•

insulated coolers with ice, when collecting samples requiring preservation by
chilling;

•

photoionization detector (PID) or flame ionization detector (FID); and

•

field notebook and/or personal digital assistant (PDA).

IV.

Cautions

Prior to beginning field work, underground utilities in the vicinity of the drilling areas will
be identified by one of the following three actions (lines of evidence):
•

Contact the State One Call

•

Obtain a detailed site utility plan drawn to scale, preferably an “as-built” plan

•

Conduct a detailed visual site inspection

In the event that one or more of the above lines of evidence cannot be conducted, or
if the accuracy of utility location is questionable, a minimum of one additional line of
evidence will be utilized as appropriate or suitable to the conditions. Examples of
additional lines of evidence include but are not limited to:
•

Private utility locating service

•

Research of state, county or municipal utility records and maps including
computer drawn maps or geographical information systems (GIS)

•

Contact with the utility provider to obtain their utility location records

•

Hand augering or digging

•

Hydro-knife

•

Air-knife

•

Radio Frequency Detector (RFD)

SOP: Soil Drilling and Sample Collection

4

Rev. #: 2 | Rev Date: March 8, 2011

•

Ground Penetrating Radar (GPR)

•

Any other method that may give ample evidence of the presence or location of
subgrade utilities.

Overhead power lines also present risks and the following safe clearance must be
maintained from them. Line Voltage
Phase to phase (kV)

Power Line Voltage
Phase to Phase (kV)

Minimum Safe Clearance
(feet)

50 or below

10

Above 50 to 200

15

Above 200 to 350

20

Above 350 to 500

25

Above 500 to 750

35

Above 750 to 1,000

35

ANSI Standard B30.5-1994, 5-3.4.5

Avoid using drilling fluids or materials that could impact groundwater or soil quality, or
could be incompatible with the subsurface conditions.
Water used for drilling and sampling of soil or bedrock, decontamination of
drilling/sampling equipment, or grouting boreholes upon completion will be of a quality
acceptable for project objectives. Testing of water supply should be considered.
Specifications of materials used for backfilling borehole will be obtained, reviewed and
approved to meet project quality objectives.
V.

Health and Safety Considerations

Field activities associated with overburden drilling and soil sampling will be performed
in accordance with a site-specific HASP, a copy of which will be present on site during
such activities.

VI.

Procedure

Drilling Procedures
The drilling contractor will be responsible for obtaining accurate and representative
samples; informing the supervising geologist of changes in drilling pressure; and
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keeping a separate general log of soils encountered, including blow counts (i.e., the
number of blows from a soil sampling drive weight [140 pounds] required to drive the
split-barrel sampler in 6-inch increments). The term “samples” means soil materials
from particular depth intervals, whether or not portions of these materials are
submitted for laboratory analysis. Records will also be kept of occurrences of
premature refusal due to boulders or construction materials that may have been used
as fill. Where a boring cannot be advanced to the desired depth, the boring will be
abandoned and an additional boring will be advanced at an adjacent location to obtain
the required sample. Where it is desirable to avoid leaving vertical connections
between depth intervals, the borehole will be sealed using cement and/or bentonite.
Multiple refusals may lead to a decision by the supervising geologist to abandon that
sampling location.
Soil Characterization Procedures
Soils encountered while drilling soil borings will be collected using one of the following
methods:
•

2-inch split-barrel (split-spoon) sampler, if using the ASTM D 1586 - Standard
Test Method for Penetration Test and Split-Barrel Sampling of Soils

•

Plastic internal soil sample sleeves if using direct-push drilling.

Soils are typically field screened with an FID or PID at sites where volatile organic
compounds are present in the subsurface. Field screening is performed using one of
the following methods:
•

Upon opening the sampler, the soil is split open and the PID or FID probe is
placed in the opening and covered with a gloved hand. Such readings should be
obtained at several locations along the length of the sample

•

A portion of the collected soil is placed in a jar, which is covered with aluminum
foil, sealed, and allowed to warm to room temperature. After warming, the cover
is removed, the foil is pieced with the FID or PID probe, and a reading is
obtained.

Samples selected for laboratory analysis will be handled, packed, and shipped in
accordance with the procedures outlined in the Work Plan, FSP, or Chain-of-Custody,
Handling, Packing, and Shipping SOP.
A geologist will be onsite during drilling and sampling operations to describe each soil
interval on the soil boring log, including:
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•

percent recovery;

•

structure and degree of sample disturbance;

•

soil type;

•

color;

•

moisture condition;

•

density;

•

grain-size;

•

consistency; and

•

other observations, particularly relating to the presence of waste materials

Further details regarding geologic description of soils are presented in the Soil
Description SOP.
Particular care will be taken to fully describe any sheens observed, oil saturation,
staining, discoloration, evidence of chemical impacts, or unnatural materials.
VII.

Waste Management

Water generated during cleaning procedures will be collected and contained onsite in
appropriate containers for future analysis and appropriate disposal.
PPE (such as gloves, disposable clothing, and other disposable equipment) resulting
from personnel cleaning procedures and soil sampling/handling activities will be
placed in plastic bags. These bags will be transferred into appropriately labeled 55gallon drums or a covered roll-off box for appropriate disposal.
Soil materials will be placed in sealed 55-gallon steel drums or covered roll-off boxes
and stored in a secured area. Once full, the material will be analyzed to determine the
appropriate disposal method.
VIII.

Data Recording and Management

The supervising geologist or scientist will be responsible for documenting drilling
events using a bound field notebook and/or PDA to record all relevant information in a
clear and concise format. The record of drilling events will include:
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•

start and finish dates of drilling;

•

name and location of project;

•

project number, client, and site location;

•

sample number and depths;

•

blow counts and recovery;

•

depth to water;

•

type of drilling method;

•

drilling equipment specifications, including the diameter of drilling tools;

•

documentation of any elevated organic vapor readings;

•

names of drillers, inspectors, or other people onsite; and

•

weather conditions.

IX.

Quality Assurance

Equipment will be cleaned prior to use onsite, between each drilling location, and prior
to leaving the site. Drilling equipment and associated tools, including augers, drill
rods, sampling equipment, wrenches, and other equipment or tools that may have
come in contact with soils and/or waste materials will be cleaned with high-pressure
steam-cleaning equipment using a potable water source. The drilling equipment will
be cleaned in an area designated by the supervising engineer or geologist that is
located outside of the work zone. More elaborate cleaning procedures may be
required for reusable soil samplers (split-spoons) when soil samples are obtained for
laboratory analysis of chemical constituents.
X.

References

American Society of Testing and Materials (ASTM) D 1586 - Standard Test Method for
Penetration Test and Split-Barrel Sampling of Soils.
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I.

Scope and Application

Monitoring wells (or piezometers, well points, or micro-wells) will be developed to clear
them of fine-grained sediment to enhance the hydraulic connection between the well
and the surrounding geologic formation. Development will be accomplished by
evacuating well water by either pumping or bailing. Prior to pumping or bailing, the
screened interval will be gently surged using a surge block, bailer, or inertia pump with
optional surgeblock fitting as appropriate. Accumulated sediment in the bottom of the
well (if present) will be removed by bailing with a bottom-loading bailer or via pumping
using a submersible or inertia pump with optional surge-block fitting. Wells will also be
gently brushed with a weighted brush to assist in removing loose debris, silt or flock
attached to the inside of the well riser and/or screen prior to development. Pumping
methods will be selected based on site-specific geologic conditions, anticipated well
yield, water table depth, and groundwater monitoring objectives, and may include one
or more of the following:


submersible pump



inertial pump (Waterra™ pump or equivalent)



bladder pump



peristaltic pump



centrifugal pump

When developing a well using the pumping method, the pump (or, with inertial pumps,
the tubing) is lowered to the screened portion of the well. During purging, the pump or
tubing is moved up and down the screened interval until the well yields relatively clear
water.
Submersible pumps have a motor-driven impeller that pushes the groundwater through
discharge tubing to the ground surface. Inertial pumps have a check valve at the bottom
of stiff tubing which, when operated up and down, lifts water to the ground surface.
Bladder pumps have a bottom check valve and a flexible internal bladder that fills from
below and is then compressed using pressurized air to force water out the top of the
bladder through the discharge tubing to the ground surface. These three types of
pumps have a wide range of applicability in terms of well depth and water depth.
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Centrifugal and peristaltic pumps use atmospheric pressure to lift water from the well,
and therefore can only be practically used where the depth to water is less than 25 feet.

II.

Personnel Qualifications

Monitoring well development activities will be performed by persons who have been
trained in proper well development procedures under the guidance of an experienced
field geologist, engineer, or technician.

III.

Equipment List

Materials for monitoring well development using a pump include the following:


health and safety equipment, as required by the site Health and Safety Plan
(HASP):



cleaning equipment



photoionization detector (PID) to measure headspace vapors



pump



polyethylene pump discharge tubing



plastic sheeting



power source (generator or battery)



field notebook and/or personal digital assistant (PDA)



graduated pails



appropriate containers
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monitoring well keys



water level indicator

Materials for monitoring well development using a bailer include the following:


personal protective equipment (PPE) as required by the HASP



cleaning equipment



PID to measure headspace vapors



bottom-loading bailer, sand bailer



polypropylene or nylon rope



plastic sheeting



graduated pails



appropriate containers



keys to wells



field notebook and/or PDA



water level indicator



weighted brush for well brushing

4
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IV.

Cautions

Where surging is performed to assist in removing fine-grained material from the sand pack,
surging must be performed in a gentle manner. Excessive suction could promote fine-grained
sediment entry into the outside of the sand pack from the formation.
Avoid using development fluids or materials that could impact groundwater or soil quality, or
could be incompatible with the subsurface conditions.
In some cases it may be necessary to add potable water to a well to allow surging and
development, especially for new monitoring wells installed in low permeability formations. Before
adding potable water to a well, the Project Manager (PM) must be notified and the PM shall
make the decision regarding the appropriateness and applicability of adding potable water to a
well during well development procedures. If potable water is to be added to a well as part of
development, the potable water source should be sampled and analyzed for constituents of
concern, and the results evaluated by the PM prior to adding the potable water to the well. If
potable water is added to a well for development purposes, at the end of development the well
will be purged dry to remove the potable water, or if the well no longer goes dry then the well will
be purged to remove at least three times the volume of potable water that was added.

V.

Health and Safety Considerations

Field activities associated with monitoring well development will be performed in accordance
with a site-specific HASP, a copy of which will be present on site during such activities.

VI.

Procedure

The procedures for monitoring well development are described below. (Note: Steps 7, 8, and 10
can be performed at the same time using an inertial pump with a surge-block fitting.)
1.

Don appropriate PPE (as required by the HASP).

2.

Place plastic sheeting around the well.

3.

Clean all equipment entering each monitoring well, except for new, disposable materials
that have not been previously used.
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4.

Open the well cover while standing upwind of the well, remove well cap. Insert PID probe
approximately 4 to 6 inches into the casing or the well headspace and cover with gloved
hand. Record the PID reading in the field notebook. If the well headspace reading is less
than 5 PID units, proceed; if the headspace reading is greater than 5 PID units, screen
the air within the breathing zone. If the PID reading in the breathing zone is below 5 PID
units, proceed. If the PID reading is above 5 PID units, move upwind from well for 5
minutes to allow the volatiles to dissipate. Repeat the breathing zone test. If the reading is
still above 5 PID units, don the appropriate respiratory protection in accordance with the
requirements of the HASP. Record all PID readings.

5.

Obtain an initial measurement of the depth to water and the total well depth from the
reference point at the top of the well casing. Record these measurements in the field log
book.

6.

Prior to redeveloping older wells that may contain solid particulate debris along the inside
of the well casing and screen, gently lower and raise a weighted brush along the entire
length of the well screen and riser to free and assist in removing loose debris, silt or flock.
Perform a minimum of 4 “passes” along the screened and cased intervals of the well
below the static water level in the well. Allow the resulting suspended material to settle for
a minimum of one day prior to continuing with redevelopment activities.

7.

Lower a surge block or bailer into the screened portion of the well. Gently raise and lower
the surge block or bailer within the screened interval of the well to force water in and out
of the screen slots and sand pack. Continue surging for 15 to 30 minutes.

8.

Lower a bottom-loading bailer, submersible pump, or inertia pump tubing with check
valve to the bottom of the well and gently bounce the bailer, pump, pump tubing on the
bottom of the well to collect/remove accumulated sediment, if any. Remove and empty
the bailer, if used. Repeat until the bailed/pumped water is free of excessive sediment
and the bottom of the well feels solid. Alternatively, measurement of the well depth with a
water level indicator can be used to verify that sediment and/or silt has been removed to
the extent practicable, based on a comparison with the well installation log or previous
measurement of total well depth.

9.

After surging the well and removing excess accumulated sediment from the bottom of the
well, re-measure the depth-to-water and the total well depth from the reference point at
the top of the well casing. Record these measurements in the field log book.

10.

Remove formation water by pumping or bailing. Where pumping is used, measure and
record the pre-pumping water level. Operate the pump at a relatively constant rate.
Measure the pumping rate using a calibrated container and stop watch, and record the
pumping rate in the field log book. Measure and record the water level in the well at least

SOP: Monitoring Well Development

7

Rev. #: 2.2 – Rev Date: March 22, 2010

once every 5 minutes during pumping. Note any relevant observations in terms of water
color, visual level of turbidity, sheen, odors, etc. Pump or bail until termination criteria
specified in the Field Sampling Plan (FSP) are reached. Record the total volume of water
purged from the well.
11.

If the well goes dry, stop pumping or bailing. Note the time that the well went dry. After
allowing the well to recover, note the time and depth to water. Resume pumping or bailing
when sufficient water has recharged the well.

12.

Contain all water in appropriate containers.

13.

When complete, secure the lid back on the well.

14.

Place disposable materials in plastic bags for appropriate disposal and decontaminate
reusable, downhole pump components and/or bailer.

VII.

Waste Management

Materials generated during monitoring well installation and development will be placed in
appropriate labeled containers and disposed of as described in the Work Plan or Field Sampling
Plan.

VIII.

Data Recording and Management

Well development activities will be documented in a proper field notebook and/or PDA. Pertinent
information will include personnel present on site; times of arrival and departure; significant
weather conditions; timing of well development activities; development method(s); observations
of purge water color, turbidity, odor, sheen, etc.; purge rate; and water levels before and during
pumping.

IX.

Quality Assurance

All reused, non-disposable, downhole well development equipment will be cleaned in
accordance with the procedures outlined in the Field Equipment Cleaning-Decontamination
SOP.
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I.

Scope and Application

This document describes the procedures for installing permanent sub-slab sampling
probe and collecting sub-slab soil-gas samples for the analysis of volatile organic
compounds (VOCs) by United States Environmental Protection Agency (USEPA)
Method TO-15 (TO-15). Method TO-15 uses a 1-liter 3-liter or 6-liter SUMMA®
passivated stainless steel canister. An evacuated SUMMA canister (less than 28
inches of mercury [Hg]) will provide a recoverable whole-gas sample of approximately
5 liters when allowed to fill to a vacuum of 6 inches of Hg. The whole-air sample is
then analyzed for VOCs using a quadrupole or ion-trap gas chromatograph/mass
spectrometer (GS/MS) system to provide compound detection limits of 0.5 parts per
billion volume (ppbv).
The following sections list the necessary equipment and detailed instructions for
installing permanent sub-slab soil-gas probes and collecting soil-gas samples for VOC
analysis.
II.

Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training,
including 40-hour HAZWOPER training, site supervisor training, site-specific training,
first-aid, and cardiopulmonary resuscitation (CPR), as needed. ARCADIS field
sampling personnel will be well versed in the relevant standard operating procedures
(SOPs) and possess the required skills and experience necessary to successfully
complete the desired field work. ARCADIS personnel responsible for leading sub-slab
soil-gas sample collection activities must have previous sub-slab soil-gas sampling
experience.
III.

Health and Safety Considerations

All sampling personnel should review the appropriate health and safety plan (HASP)
and job loss analysis (JLA) prior to beginning work to be aware of all potential hazards
associated with the job site and the specific task. Field sampling must be carefully
performed to minimize the potential for injury and the spread of hazardous substances.
For sub-slab vapor probe installation, drilling with an electric concrete impact drill
should be done only by personnel with prior experience using such a piece of
equipment or directly supervised by an experienced person and with the appropriate
health and safety measures in place as presented in the JLA It is possible to
encounter high concentrations of VOCs in subslab soil gas, so the amount of time the
borehole remains open should be minimized. For the same reason, when installing
subslab probes in spaces with minimal dilution potential, such as closets, it is
advisable to provide local ventilation. Finally, subslab probe installation should be
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completed 24 hours in advance or after any indoor air sampling to avoid cross
contamination of the indoor air samples.
IV.

Equipment List

The equipment required to install a permanent sub-slab vapor probe is presented
below:


Appropriate personal protective equipment (PPE; as required by the site
specific HASP and the JLA)



Electric hammer drill (big – Bosch, Hilti, etc.);



1/2-inch and 1 ½-inch diameter concrete drill bits for impact drill (drill bit length
contingent on slab thickness;



Decontaminated stainless steel vapor probe (typically 1/4-inch outside
diameter [OD] stainless steel tubing, 1/4-inch Swagelok by 1/4-inch Swagelok
female coupling, (or equilivant), 1/4-inch Swagelok cap);



Extra ¼-inch Swagelok front and back compression sleeves;



Stainless steel washers;



Tubing cutter with heavy-duty cutting wheel;



Hand tools, including open-end wrench (typically 9/16-inch), pliers, channel lock
pliers, etc.;



Teflon tape;



Quick-setting non-shrink grout powder;



Potable water for mixing grout;



Disposable cups and spoons for mixing grout;



Spray bottle with potable water;



Whisk broom and dust pan;



Paper towels;
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Nitrile gloves;



Work gloves;



Knee pads;



Bottle brush;



Ground fault circuit interrupter (GFCI);



Extension cords capable of amperage required for hammer drill;



Plastic sheeting; and



Shop vacuum with clean fine-particle filter.

The equipment required for subslab soil-gas sample collection is presented below:


1,3, or 6 – liter stainless steel SUMMA® canisters (order at least one extra, if
feasible) (batch certified canisters or individual certified canisters as required
by the project) ;



Flow controllers with in-line particulate filters and vacuum gauges; flow
controllers are pre-calibrated to specified sample duration (e.g.,30 minutes) or
flow rate (e.g., 200 milliliters per minute [mL/min]); confirm with the laboratory
that the flow controller comes with an in-line particulate filter and pressure
gauge (order at least one extra, if feasible);



1/4-inch ID tubing (Teflon®, or similar);



1/4-inch Swagelok by 1/8-inch NPT male stainless steel coupling;



Extra1/4-inch Swagelok front and back compression sleeves



Decontaminated stainless steel Swagelok or comparable “T” fitting and needle
valve for isolation of purge pump;



Two 3-inch lengths of 1/4-inch OD Teflon tubing



Stainless steel duplicate “T” fitting provided by the laboratory (if collecting
duplicate [i.e., split] samples);
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V.



Portable vacuum pump capable of producing very low flow rates (e.g., 100 to
200 mL/min) with vacuum gauge;



Rotameter or an electric flow sensor if vacuum pump does not have an
accurate flow gauge (Bios DryCal or equivalent);



Tracer gas testing supplies (refer to “Administering Tracer Gas” SOP
#416199);



Appropriate-sized open-end wrench (typically 9/16-inch and ½”);



Tedlar® bag to collect purge air or length of tubing sufficient to vent it outside
the structure;



Portable weather meter, if appropriate;



Chain-of-custody (COC) form;



Sample collection log (attached);



Nitrile gloves;



Work gloves;



Field notebook
Cautions

The following cautions and field tips should be reviewed and considered prior to
installing or collecting a sub-slab soil-gas sample.


When drilling sample collection holes, be mindful of utilities that may be in the
area. Always complete utility location, identification and marking before installing
subslab ports as required by the ARCADIS Utility Location Policy and Procedure.
Be aware that public utility locator organizations frequently do not provide
location information within buildings so alternative lines of evidence must be
used. If the driller is concerned about a particular location, consult the project
manager about moving it to another location. Do not hesitate to use Stop Work
Authority; if something doesn’t seem right stop and remedy the situation.



Supplies such as stainless steel tubing and drill bit length will be based on the
thickness of the slab encountered. Every effort will be made to establish the
thickness of the slab during the preliminary investigation activities, such as
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interviews with site personnel, review of construction drawings, building walk
through and utility clearance process.


Sampling personnel should not handle hazardous substances (such as gasoline),
permanent marking pens (sharpies), wear/apply fragrances, or smoke
cigarettes/cigars before and/or during the sampling event.



Ensure that the flow controller is pre-calibrated to the proper sample collection
duration (confirm with laboratory). Sample integrity can be compromised if sample
collection is extended to the point that the canister reaches atmospheric pressure.
Sample integrity is maintained if sample collection is terminated prior to the target
duration and a measurable vacuum (e.g., 3 -7 – inches Hg) remains in the canister
when sample collection is terminated.



Field personnel will properly seal the vapor port at the slab surface to prevent
leaks of atmosphere into the soil vapor port during purging and sampling.
Permanent ports will be fit snug into the predrilled hole using Teflon tape or
modeling clay and cemented into the ground. If this is not done properly, the
integrity of the sample port may be compromised.



It is important to record the canister pressure, start and stop times, and sample
identification on a proper field sampling form. Often SUMMA canisters are
collected with a 24-hour averaging period. You should observe and record the
time/pressure at the start, and then again one or two hours after starting the
sample collection. It is a good practice to lightly tap the pressure gauge with your
finger before reading it to make sure it is not stuck. If the canister is running
correctly for a 24-hour period, the vacuum will have decreased slightly after one or
two hours (for example from 29 inches to 27 inches). Consult your project
manager, risk assessor or air sampling expert by phone if the SUMMA canister
does not appear to be working properly.



Ensure that there is still measureable vacuum in the SUMMA® after sampling.
Sometimes the gauges sent from labs have offset errors, or they stick.



Many times the gauges sent from labs have large offset errors, or the gauge
needle does not move freely in response to changes in vacuum. For the most
precise pressure readings, consider using a separate, more sensitive, device to
check pressure at the beginning of the sampling period in a clean atmosphere.
This should be done without moving a significant flow into the canister – for
example using a pressure gauge on a dead-end leg. If used, this device must be
tested beforehand to confirm that it does not introduce contaminants to the
SUMMA canister during pressure checks
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When sampling carefully consider elevation. If your site is over 2,000’ above sea
level or the difference in elevation between your site and your lab is more than
2,000’ then pressure effects will be significant. If you take your samples at a high
elevation they will contain less air for a given ending pressure reading. High
elevation samples analyzed at low elevation will result in more dilution at the lab,
which could affect reporting limits. Conversely low elevation samples when
received at high elevation may appear to not have much vacuum left in them.
http://www.uigi.com/Atmos_pressure.html.



If possible, have equipment shipped a two to three days before the scheduled start
of the sampling event so that all materials can be checked. Order replacements if
needed.



Requesting extra canisters and flow controllers from the laboratory should also be
considered to ensure that you have enough equipment on site in case of an
equipment failure.



Check the seal around the soil-gas sampling port by using a tracer gas (e.g.,
helium) or other method established in the appropriate guidance document. See
SOP “Administering Tracer Gas” #416199.

VI.

Procedure

Permanent Vapor Probe Installation
Permanent sub-slab soil vapor probes are installed using an electric drill and manual
placement of the probe. After a dry fit, the vapor probe is inserted into the hole and
grouted with a quick-setting non-shrink grout powder. The vapor probe is equipped
with a plug. The cap is removed and a compression fitting nut and ferrules are used to
allow collection of a soil gas sample through Teflon tubing. The vapor probe and
tubing will be purged with a portable sampling pump prior to collecting the soil gas
sample. Detailed installation methods are as follows:
1.

Complete the ARCADIS Utility Locate procedure prior to drilling activities.

2.

Assemble the sample port assembly (stainless steel tubing, stainless steel
Swagelok coupling, Swagelok nut). Teflon tape should never be used with
Swagelok connections.

3.

Remove, only to the extent necessary, any covering on top of the slab (e.g.,
carpet) if present.
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4.

Lay down plastic sheeting to keep the work area clean. Check to make sure
shop vacuum is working properly and fine concrete particles will not pass
through filter.

5.

Advance the 1½-inch drill bit approximately 1½ inches into the slab. This hole is
drilled deep enough to permit the top of the coupling to be set flush with the slab
when the ¼-inch tubing is inserted into the ½-inch hole drilled under Step 7,
below. Clean up cuttings with shop vacuum, bottle brush, and dust pan.

6.

Drill a 1/2-inch-diameter hole into the concrete slab using the electric drill. Do
not fully penetrate the slab at this time. Stop drilling approximately 1 inch short
of penetrating the slab.

7.

Use the shop vacuum, bottle brush and dust broom to clean up the work area
and material that may have fallen into and around the drill hole.

8.

Advance the 1/2-inch drill bit the remaining thickness of the slab and
approximately 3 inched into the sub-slab material to create an open cavity.
Record any observations from the drill cuttings if possible regarding
approximate soil types and presence or absence of a plastic subslab sheet.

9.

Use the bottle brush, dust broom and dust pan to clean material around and
within the hole. Do not use the shop vacuum to clean up the drill hole after the
full thickness of the slab has been penetrated.

10.

Using an assembled sample probe assembly, test fit the components so that the
proper length of ¼-inch tubing and depth of the 1½-inch hole provides enough
space for the stainless steel coupling. Adjust so that the coupling will lie flush
with the slab surface and does not create a tripping hazard.

11.

Redrill the ½ inch hole to ensure it remains clear. This can also be
accomplished using a piece of steel rod, sample tubing or a piece of heavy wire
(e.g., coat hanger).

12.

Wrap the sample probe assembly with Teflon tape, to the extent necessary, for
a snug fit of the assembly and hole. Teflon tape or stainless steel washers can
also be used to achieve the proper depth of the sample port assembly. Ensure
that Teflon tape or stainless steel washers do not interfere with the cement that
will be used to permanently fix and seal the sample probe.

13.

Prepare a mixture of nonshrink cement and water according to the
manufactures directions in a disposable cup using a plastic spoon for mixing.
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14.

Before cementing in the sample probe, moisten the bore hole with the spray
bottle to provide better adhesion

15.

Cement in the sample probe using the plastic spoon to apply the cement into
the annular space between the coupling and the 1½-inch drill hole

16.

Replace the surface covering (e.g., carpet) if warranted. Sample collection
location should be returned to presampling conditions to the extent feasible
given the presence of a permanent probe.

17.

All permanent sub-slab sample probes should be allowed to sit and equilibrate
for a minimum of 24 hours before proceeding to sample collection.

Sub-Slab Soil-Gas Sample Collection
Once the permanent sample port is installed, the following procedures should be used
to collect the sample in a SUMMA canister
1.

Record the following information on the sample log, if appropriate (contact the
local airport or other suitable information source [e.g., site-specific
measurements, weatherunderground.com] to obtain the information):
a.

wind speed and direction;

b.

ambient temperature;

c.

barometric pressure; and

d.

relative humidity.

2.

Assemble the sample train by removing the cap from the SUMMA canister and
connecting the Swagelok T-fitting to the can using a short length of 1/4-inch OD
stainless steel tubing. The flow controller with in-line particulate filter and
vacuum gauge is then attached to the T-fitting. The Swagelok two-way valve is
connected to the free end of the T-fitting using a short length of ¼-inch OD
Teflon tubing.

3.

When collecting duplicate or other quality assurance/quality control (QA/QC)
samples as required by applicable regulations and guidance, couple two
SUMMA canisters using stainless steel Swagelok duplicate sample T-fitting
supplied by the laboratory. Attach flow controller with in-line particulate filter and
vacuum gauge to duplicate sample T-fitting provided by the laboratory.
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4.

Attach Teflon sample tubing to the flow controller using Swagelok fittings.

5.

Remove the flush hex plug and install the male treaded coupling fitting into the
sub-slab port, applying Teflon tape to seal the NPT threaded male end. Teflon
tape should never be used on Swagelok compression fitting connections.

6.

Connect the male threaded coupling fitting and the flow controller using a length
of Teflon sample tubing.

7.

Connect the two-way valve and the portable purge pump using a length of
Teflon sample tubing.

8.

Record on the sample log and COC form the flow controller number with the
appropriate SUMMA® canister number.
a.

9.

Perform a leak-down-test by replacing the nut which secures
sample tubing with the cap from the canister. This will create a
closed system. Open the canister valve and quickly close it; the
vacuum should increase approaching 30” Hg. If there are no leaks
in the system this vacuum should be held. If vacuum holds proceed
with sample collection; if not attempt to rectify the situation by
tightening fittings.

Open the two-way valve and purge the soil-gas sampling port and tubing
with the portable sampling pump. Purge approximately three volumes of air
from the soil-gas sampling port and sampling line using a flow rate of 200
mL/min. Purge volume is calculated by the following equation “purge
volume = 3 x Pi x inner radius of tubing2 x length of tubing. Purge air will be
collected into a Tedlar bag to provide that VOCs are not released into
interior spaces. Measure organic vapor levels and tracer gas within the
Tedlar bag, as appropriate.

10.

The seal around the soil-gas sampling port and the numerous connections
comprising the sampling train will be evaluated for leaks using helium as a
tracer gas. The helium tracer gas will be administered according to the methods
established in the appropriate guidance documents and SOP: Administering
Helium Tracer Gas.

11.

Close the two-way valve to isolate the purge pump.

12.

Open the SUMMA® canister valve to initiate sample collection. Record on the
sample log (attached) the time sampling began and the canister pressure.
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If the initial vacuum pressure registers less than -25 inches of Hg, then the
SUMMA® canister is not appropriate for use and another canister should be
used.
13.

Take a photograph of the SUMMA® canister and surrounding area.

14.

Check the SUMMA canister approximately half way through the sample duration
and note progress on sample logs.

Termination of Sample Collection
1.

Arrive at the SUMMA® canister location at least 1-2 hours prior to the end of the
required sampling interval (e.g., 8, 24-hours).

2.

Record the final vacuum pressure. Stop collecting the sample by closing the
SUMMA® canister valves. The canister should have a minimum amount of
vacuum (approximately 6 inches of Hg or slightly greater).

3.

Record the date and local time (24-hour basis) of valve closing on the sample
collection log and COC form.

4.

Disconnect sample tubing from the sample port; replace flush-mount cap.

5.

Remove the particulate filter and flow controller from the SUMMA® canister, reinstall the brass plug on the canister fitting, and tighten with the appropriate
wrench.

6.

Package the canister and flow controller in the shipping container supplied by
the laboratory for return shipment to the laboratory. The SUMMA® canister
does not require preservation with ice or refrigeration during shipment.

7.

Complete the appropriate forms and sample labels as directed by the laboratory
(e.g., affix card with a string).

8.

Complete the COC form and place the requisite copies in a shipping container.
Close the shipping container and affix a custody seal to the container closure.
Ship the container to the laboratory via overnight carrier (e.g., Federal Express)
for analysis.

VII.

Waste Management

No specific waste management procedures are required.
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VIII.

Data Recording and Management

Measurements will be recorded on the sample log at the time of measurement with
notations of the project name, sample date, sample start and finish time, sample
location (e.g., GPS coordinates, distance from permanent structure [e.g., two walls,
corner of room]), canister serial number, flow controller serial number, initial vacuum
reading, and final pressure reading. Field sampling logs and COC records will be
transmitted to the Project Manager.
IX.

Quality Assurance

Soil-gas sample analysis will be performed using USEPA TO-15 methodology. This
method uses a quadrupole or ion-trap GC/MS with a capillary column to provide
optimum detection limits. The GC/MS system requires a 1-liter gas sample (which can
easily be recovered from a 6-liter canister) to provide a 0.5-ppbv detection limit. The
6-liter canister also provides several additional 1-liter samples in case subsequent reanalyses or dilutions are required. This system also offers the advantage of the
GC/MS detector, which confirms the identity of detected compounds by evaluating
their mass spectra in either the SCAN or SIM mode.
Duplicate samples should be collected in the field as a quality assurance step.
Generally, duplicates are taken of 10% of samples, but project specific requirements
should take precedence.
X.
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Sub-slab Soil Vapor
Sample Collection Log
Sample ID:
Client:

Boring
Equipment:

Project:

Sealant:

Location:

Tubing
Information:

Project #:

Miscellaneous
Equipment:

Samplers:

Subcontractor:

`

Equipment:

Sampling
Depth:

Moisture Content
of Sampling
Zone):

Time and
Date of
Installation:

Approximate
Purge Volume:

Instrument Readings:
Date

Canister
Vacuum (a)
(inches of Hg)

Time

Temperature
(°F)

Relative
Humidity (%)

Air
Speed
(mph)

Barometric
Pressure
(inches of Hg)

PID
(ppb)

(a) Record canister information at a minimum at the beginning and end of sampling

SUMMA Canister Information:
Size (circle
one):

1L

6L

Canister ID:
Flow
Controller ID:
Notes:

Tracer Test Information (if applicable):
Initial Helium
Shroud:
Final Helium
Shroud:
Tracer Test
Passed:
Notes:

Yes

No

General Observations/Notes:

Approximating One-Well Volume (for purging):
When using 1¼-inch “Dummy Point” and a 6-inch sampling interval, the sampling space will have a volume of approximately 150 mL. Each
foot of ¼-inch tubing will have a volume of approximately 10 mL.
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I.

Scope and Application

Groundwater samples will be collected from monitoring wells to evaluate groundwater
quality. The protocol presented in this standard operating procedure (SOP) describes
the procedures to be used to purge monitoring wells and collect groundwater samples.
This protocol has been developed in accordance with the United States Environmental
Protection Agency (USEPA) Region I Low Stress (Low Flow) Purging and Sampling
Procedures for the Collection of Groundwater Samples from Monitoring Wells (USEPA
SOP No. GW0001; July 30, 1996). Both filtered and unfiltered groundwater samples
may be collected using this low-flow sampling method. Filtered samples will be
obtained using a 0.45-micron disposable filter. No wells will be sampled until well
development has been performed in accordance with the procedures presented in the
SOP titled Monitoring Well Development, unless that well has been sampled or
developed within the prior 1-year time period. Groundwater samples will not be
collected within 1 week following well development.
II.

Personnel Qualifications

ARCADIS personnel directing, supervising, or leading groundwater sample collection
activities should have a minimum of 2 years of previous groundwater sampling
experience. ARCADIS personnel providing assistance to groundwater sample
collection and associated activities should have a minimum of 6 months of related
experience or an advanced degree in environmental sciences, engineering,
hydrogeology, or geology.
The supervisor of the groundwater sampling team will have at least 1 year of previous
supervised groundwater sampling experience.
Prior to mobilizing to the field, the groundwater sampling team should review and be
thoroughly familiar with relevant site-specific documents including but not limited to the
site work plan, field sampling plan, QAPP, HASP, and historical information.
Additionally, the groundwater sampling team should review and be thoroughly familiar
with documentation provided by equipment manufacturers for all equipment that will be
used in the field prior to mobilization.
III.

Equipment List

Specific to this activity, the following materials (or equivalent) will be available:


Health and safety equipment (as required in the site Health and Safety Plan
[HASP]).
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Site Plan, well construction records, prior groundwater sampling records (if
available).



Sampling pump, which may consist of one or more of the following:



-

submersible pump (e.g., Grundfos Redi-Flo 2);

-

peristaltic pump (e.g., ISCO Model 150); and/or

-

bladder pump (e.g., Marschalk System 1, QED Well Wizard, Geotech,
etc.).

Appropriate controller and power source for pump:
-

Submersible and peristaltic pumps require electric power from either a
generator or a deep cell battery.

-

Submersible pumps such as Grundfos require a pump controller to
run the pump

-

Bladder pumps require a pump controller and a gas source (e.g., air
compressor or compressed N2 or CO2 gas cylinders).



Teflon® tubing or Teflon®-lined polyethylene tubing of an appropriate size for
the pump being used. For peristaltic pumps, dedicated Tygon® tubing (or other
type as specified by the manufacturer) will also be used through the pump
apparatus.



Water-level probe (e.g., Solinist Model 101).



Water-quality (temperature/pH/specific conductivity/ORP/turbidity/dissolved
oxygen) meter and flow-through measurement cell. Several brands may be
used, including:



-

YSI 6-Series Multi-Parameter Instrument;

-

Hydrolab Series 3 or Series 4a Multiprobe and Display; and/or

-

Horiba U-10 or U-22 Water Quality Monitoring System.

Supplemental turbidity meter (e.g., Horiba U-10, Hach 2100P, LaMotte 2020).
Turbidity measurements collected with multi-parameter meters have been
shown to sometimes be unreliable due to fouling of the optic lens of the
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turbidity meter within the flow-through cell. A supplemental turbidity meter will
be used to verify turbidity data during purging if such fouling is suspected.
Note that industry improvements may eliminate the need for these
supplemental measurements in the future.


Appropriate water sample containers (supplied by the laboratory).



Appropriate blanks (trip blank supplied by the laboratory).



0.45-micron disposable filters (if field filtering is required).



Large glass mixing container (if sampling with a bailer).



Teflon® stirring rod (if sampling with a bailer).



Cleaning equipment.



Groundwater sampling log (attached) or bound field logbook.

Note that in the future, the client may acquire different makes/models of some of this
equipment if the listed makes/models are no longer available, or as a result of general
upgrades or additional equipment acquisitions. In the event that the client uses a
different make/model of the equipment listed, the client will use an equivalent type of
equipment (e.g., pumps, flow-through analytical cells) and note the specific
make/model of the equipment used during a sampling event on the groundwater
sampling log. In addition, should the client desire to change to a markedly different
sampling methodology (e.g., discrete interval samplers, passive diffusion bags, or a
yet to be developed technique), the client will submit a proposed SOP for the new
methodology for USEPA approval prior to implementing such a change.
The maintenance requirements for the above equipment generally involve
decontamination or periodic cleaning, battery charging, and proper storage, as
specified by the manufacturer. For operational difficulties, the equipment will be
serviced by a qualified technician.
IV.

Cautions

If heavy precipitation occurs and no cover over the sampling area and monitoring well
can be erected, sampling must be discontinued until adequate cover is provided. Rain
water could contaminate groundwater samples.
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Do not use permanent marker or felt-tip pens for labels on sample container or sample
coolers – use indelible ink. The permanent markers could introduce volatile
constituents into the samples.
It may be necessary to field filter some parameters (e.g., metals) prior to collection,
depending on preservation, analytical method, and project quality objectives.
Store and/or stage empty and full sample containers and coolers out of direct sunlight.
To mitigate potential cross-contamination, groundwater samples are to be collected in
a pre-determined order from least impacted to impacted based on previous analytical
data. If no analytical data are available, samples are collected in order of upgradient,
then furthest downgradient to source area locations.
Be careful not to over-tighten lids with Teflon liners or septa (e.g., 40 mL vials). Overtightening can cause the glass to shatter or impair the integrity of the Teflon seal.
V.

Health and Safety Considerations

Use caution and appropriate cut resistant gloves when tightening lids to 40 mL vials.
These vials can break while tightening and can lacerate hand. Amber vials (thinner
glass) are more prone to breakage.
If thunder or lighting is present, discontinue sampling and take cover until 30 minutes
have passed after the last occurrence of thunder or lighting.
Use caution when removing well caps as well may be under pressure, cap can
dislodge forcefully and cause injury.
Use caution when opening protective casing on stickup wells as wasps frequently nest
inside the tops of the covers. Also watch for fire ant mounds near well pads when
sampling in the south or western U.S.
VI.

Procedure

Groundwater will be purged from the wells using an appropriate pump. Peristaltic
pumps will initially be used to purge and sample all wells when applicable. If the depth
to water is below the sampling range of a peristaltic pump (approximately 25 feet),
submersible pumps or bladder pumps will be used provided the well is constructed
with a casing diameter greater than or equal to 2 inches (the minimum well diameter
capable of accommodating such pumps). Bladder pumps are preferred over peristaltic
and submersible pumps if sampling of VOCs is required to prevent volatilization. For
smaller diameter wells where the depth to water is below the sampling range of a
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peristaltic pump, alternative sampling methods (i.e., bailing or small diameter bladder
pumps) will be used to purge and sample the groundwater. Purge water will be
collected and containerized.
1.

Calibrate field instruments according to manufacturer procedures for calibration.

2.

Measure initial depth to groundwater prior to placement of pumps.

3.

Prepare and install pump in well: For submersible and non-dedicated bladder
pumps, decontaminate pump according to site decontamination procedures.
Non-dedicated bladder pumps will require a new Teflon® bladder and attachment
of an air line, sample discharge line, and safety cable prior to placement in the
well. Attach the air line tubing to the air port on the top of the bladder pump.
Attach the sample discharge tubing to the water port on the top of the bladder
pump. Care should be taken not to reverse the air and discharge tubing lines
during bladder pump set-up as this could result in bladder failure or rupture.
Attach and secure a safety cable to the eyebolt on the top of bladder pump (if
present, depending on pump model used). Slowly lower pump, safety cable,
tubing, and electrical lines into the well to a depth corresponding to the
approximate center of the saturated screen section of the well. Take care to
avoid twisting and tangling of safety cable, tubing, and electrical lines while
lowering pump into well; twisted and tangled lines could result in the pump
becoming stuck in the well casing. Also, make sure to keep tubing and lines
from touching the ground or other surfaces while introducing them into the well
as this could lead to well contamination. If a peristaltic pump is being used,
slowly lower the sampling tubing into the well to a depth corresponding to the
approximate center of the saturated screen section of the well. The pump intake
or sampling tube must be kept at least 2 feet above the bottom of the well to
prevent mobilization of any sediment present in the bottom of the well.

4.

If using a bladder pump, connect the air line to the pump controller output port.
The pump controller should then be connected to a supply line from an air
compressor or compressed gas cylinder using an appropriate regulator and air
hose. Take care to tighten the regulator connector onto the gas cylinder (if used)
to prevent leaks. Teflon tape may be used on the threads of the cylinder to
provide a tighter seal. Once the air compressor or gas cylinder is connected to
the pump controller, turn on the compressor or open the valve on the cylinder to
begin the gas flow. Turn on the pump controller if an on/off switch is present and
verify that all batteries are charged and fully operating before beginning to pump.

5.

Connect the pump discharge water line to the bottom inlet port on the flowthrough cell connected to the water quality meter.
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6.

Measure the water level again with the pump in the well before starting the
pump. Start pumping the well at 200 to 500 milliliters (mL) per minute (or at lower
site-specific rate if specified). The pump rate should be adjusted to cause little or
no water level drawdown in the well (less than 0.3 feet below the initial static
depth to water measurement) and the water level should stabilize. The water
level should be monitored every 3 to 5 minutes (or as appropriate, lower flow
rates may require longer time between readings) during pumping if the well
diameter is of sufficient size to allow such monitoring. Care should be taken not
to break pump suction or cause entrainment of air in the sample. Record
pumping rate adjustments and depths to water. If necessary, pumping rates
should be reduced to the minimum capabilities of the pump to avoid pumping the
well dry and/or to stabilize indicator parameters. A steady flow rate should be
maintained to the extent practicable. Groundwater sampling records from
previous sampling events (if available) should be reviewed prior to mobilization
to estimate the optimum pumping rate and anticipated drawdown for the well in
order to more efficiently reach a stabilized pumping condition.
If the recharge rate of the well is very low, alternative purging techniques should
be used, which will vary based on the well construction and screen position. For
wells screened across the water table, the well should be pumped dry and
sampling should commence as soon as the volume in the well has recovered
sufficiently to permit collection of samples. For wells screened entirely below the
water table, the well should be pumped until a stabilized level (which may be
below the maximum displacement goal of 0.3 feet) can be maintained and
monitoring for stabilization of field indicator parameters can commence. If a
lower stabilization level cannot be maintained, the well should be pumped until
the drawdown is at a level slightly higher than the bentonite seal above the well
screen. Sampling should commence after one well volume has been removed
and the well has recovered sufficiently to permit collection of samples.
During purging, monitor the field indicator parameters (e.g., turbidity,
temperature, specific conductance, pH, etc.) every 3 to 5 minutes (or as
appropriate). Field indicator parameters will be measured using a flow-through
analytical cell or a clean container such as a glass beaker. Record field indicator
parameters on the groundwater sampling log. The well is considered stabilized
and ready for sample collection when turbidity values remain within 10% (or
within 1 NTU if the turbidity reading is less than 10 NTU), the specific
conductance and temperature values remain within 3%, ORP readings remain
within ± 10 mV and pH remains within 0.1 units for three consecutive readings
collected at 3- to 5-minute intervals (or other appropriate interval, alternate
stabilization goals may exist in different geographic regions, consult the sitespecific Work Plan for stabilization criteria). If the field indicator parameters do
not stabilize within 1 hour of the start of purging, but the groundwater turbidity is
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below the goal of 50 NTU and the values for all other parameters are within 10%,
the well can be sampled. If the parameters have stabilized but the turbidity is not
in the range of the 50 NTU goal, the pump flow rate should be decreased to a
minimum rate of 100 mL/min to reduce turbidity levels as low as possible.
Dissolved oxygen is extremely susceptible to various external influences
(including temperature or the presence of bubbles on the DO meter); care
should be taken to minimize the agitation or other disturbance of water within
the flow-through cell while collecting these measurements. If air bubbles are
present on the DO probe or in the discharge tubing, remove them before taking
a measurement. If dissolved oxygen values are not within acceptable range
for the temperature of groundwater (Attachment 1), then again check for and
remove air bubbles on probe before re-measuring. If the dissolved oxygen
value is 0.00 or less, then the meter should be serviced and re-calibrated. If
the dissolved oxygen values are above possible results, then the meter should
be serviced and re-calibrated.
During extreme weather conditions, stabilization of field indicator parameters
may be difficult to obtain. Modifications to the sampling procedures to alleviate
these conditions (e.g., measuring the water temperature in the well adjacent to
the pump intake) will be documented in the field notes. If other field conditions
exist that preclude stabilization of certain parameters, an explanation of why the
parameters did not stabilize will also be documented in the field logbook.
7.

Complete the sample label(s) and cover the label(s) with clear packing tape to
secure the label onto the container.

8.

After the indicator parameters have stabilized, collect groundwater samples by
diverting flow out of the unfiltered discharge tubing into the appropriate labeled
sample container. If a flow-through analytical cell is being used to measure field
parameters, the flow-through cell should be disconnected after stabilization of
the field indicator parameters and prior to groundwater sample collection. Under
no circumstances should analytical samples be collected from the discharge of
the flow-through cell. When the container is full, tightly screw on the cap.
Samples should be collected in the following order: VOCs, TOC, SVOCs, metals
and cyanide, and others (or other order as defined in the site-specific Work
Plan).

9.

If sampling for total and filtered metals and/or PCBs, a filtered and unfiltered
sample will be collected. Install an in-line, disposable 0.45-micron particle filter
on the discharge tubing after the appropriate unfiltered groundwater sample has
been collected. Continue to run the pump until an initial volume of “flush” water
has been run through the filter in accordance with the manufacturer’s directions
(generally 100 to 300 mL). Collect filtered groundwater sample by diverting flow
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out of the filter into the appropriately labeled sample container. When the
container is full, tightly screw on the cap.
10.

Secure with packing material and store at 4°C in an insulated transport container
provided by the laboratory.

11.

Record on the groundwater sampling log or bound field logbook the time
sampling procedures were completed, any pertinent observations of the sample
(e.g., physical appearance, and the presence or lack of odors or sheens), and
the values of the stabilized field indicator parameters as measured during the
final reading during purging (Attachment 2 – Example Sampling Log).

12.

Turn off the pump and air compressor or close the gas cylinder valve if using a
bladder pump set-up. Slowly remove the pump, tubing, lines, and safety cable
from the well. Do not allow the tubing or lines to touch the ground or any other
surfaces which could contaminate them. .

13.

If tubing is to be dedicated to a well, it should be folded to a length that will allow
the well to be capped and also facilitate retrieval of the tubing during later
sampling events. A length of rope or string should be used to tie the tubing to
the well cap. Alternatively, if tubing and safety line are to be saved and reused
for sampling the well at a later date they may be coiled neatly and placed in a
clean plastic bag that is clearly labeled with the well ID. Make sure the bag is
tightly sealed before placing it in storage.

14.

Secure the well and properly dispose of personal protective equipment (PPE)
and disposable equipment.

15.

Complete the procedures for packaging, shipping, and handling with associated
chain-of-custody.

16.

Complete decontamination procedures for flow-through analytical cell and
submersible or bladder pump, as appropriate.

17.

At the end of the day, perform calibration check of field instruments.

If it is not technically feasible to use the low-flow sampling method, purging and
sampling of monitoring wells may be conducted using the bailer method as outlined
below:
1.

Don appropriate PPE (as required by the HASP).

2.

Place plastic sheeting around the well.
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3.

Clean sampling equipment.

4.

Open the well cover while standing upwind of the well. Remove well cap and
place on the plastic sheeting. Insert PID probe approximately 4 to 6 inches into
the casing or the well headspace and cover with gloved hand. Record the PID
reading in the field log. If the well headspace reading is less than 5 PID units,
proceed; if the headspace reading is greater than 5 PID units, screen the air
within the breathing zone. If the breathing zone reading is less than 5 PID units,
proceed. If the PID reading in the breathing zone is above 5 PID units, move
upwind from well for 5 minutes to allow the volatiles to dissipate. Repeat the
breathing zone test. If the reading is still above 5 PID units, don appropriate
respiratory protection in accordance with the requirements of the HASP. Record
all PID readings. For wells that are part of the regular weekly monitoring
program and prior PID measurements have not resulted in a breathing zone
reading above 5 PID units, PID measurements will be taken monthly.

5.

Measure the depth to water and determine depth of well by examining drilling
log data or by direct measurement. Calculate the volume of water in the well (in
gallons) by using the length of the water column (in feet), multiplying by 0.163
for a 2-inch well or by 0.653 for a 4-inch well. For other well diameters, use the
formula:
Volume (in gallons) = π TIMES well radius (in feet) squared TIMES length of
water column (in feet) TIMES 7.481 (gallons per cubic foot)

6.

Measure a length of rope or twine at least 10 feet greater than the total depth of
the well. Secure one end of the rope to the well casing and secure the other
end to the bailer. Test the knots and make sure the rope will not loosen. Check
bailers so that all parts are intact and will not be lost in the well.

7.

Lower bailer into well and remove one well volume of water. Contain all water in
appropriate containers.

8.

Monitor the field indicator parameters (e.g., turbidity, temperature, specific
conductance, and pH). Measure field indicator parameters using a clean
container such as a glass beaker or sampling cups provided with the instrument.
Record field indicator parameters on the groundwater sampling log.

9.

Repeat Steps 7 and 8 until three or four well volumes have been removed.
Examine the field indicator parameter data to determine if the parameters have
stabilized. The well is considered stabilized and ready for sample collection
when turbidity values remain within 10% (or within 1 NTU if the turbidity reading
is less than 10 NTU), the specific conductance and temperature values remain
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within 3%, and pH remains within 0.1 units for three consecutive readings
collected once per well volume removed.
10.

If the field indicator parameters have not stabilized, remove a maximum of five
well volumes prior to sample collection. Alternatively, five well volumes may be
removed without measuring the field indicator parameters.

11.

If the recharge rate of the well is very low, wells screened across the water table
may be bailed dry and sampling should commence as soon as the volume in the
well has recovered sufficiently to permit collection of samples. For wells
screened entirely below the water table, the well should only be bailed down to a
level slightly higher than the bentonite seal above the well screen. The well
should not be bailed completely dry, to maintain the integrity of the seal.
Sampling should commence as soon as the well volume has recovered
sufficiently to permit sample collection.

12.

Following purging, allow water level in well to recharge to a sufficient level to
permit sample collection.

13.

Complete the sample label and cover the label with clear packing tape to secure
the label onto the container.

14.

Slowly lower the bailer into the screened portion of the well and carefully retrieve
a filled bailer from the well causing minimal disturbance to the water and any
sediment in the well.

15.

The sample collection order (as appropriate) will be as follows:
a.

VOCs;

b

TOC;

c.

SVOCs;

d.

metals and cyanide; and

e.

others.

16.

When sampling for volatiles, collect water samples directly from the bailer into
40-mL vials with Teflon®-lined septa.

17.

For other analytical samples, remove the cap from the large glass mixing
container and slowly empty the bailer into the large glass mixing container. The
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sample for dissolved metals and/or filtered PCBs should either be placed directly
from the bailer into a pressure filter apparatus or pumped directly from the bailer
with a peristaltic pump, through an in-line filter, into the pre-preserved sample
bottle.
18.

Continue collecting samples until the mixing container contains a sufficient
volume for all laboratory samples.

19.

Mix the entire sample volume with the Teflon® stirring rod and transfer the
appropriate volume into the laboratory jar(s). Secure the sample jar cap(s)
tightly.

20.

If sampling for total and filtered metals and/or PCBs, a filtered and unfiltered
sample will be collected. Sample filtration for the filtered sample will be
performed in the field using a peristaltic pump prior to preservation. Install new
medical-grade silicone tubing in the pump head. Place new Teflon® tubing into
the sample mixing container and attach to the intake side of pump tubing.
Attach (clamp) a new 0.45-micron filter (note the filter flow direction). Turn the
pump on and dispense the filtered liquid directly into the laboratory sample
bottles.

21.

Secure with packing material and store at 4°C in an insulated transport
container provided by the laboratory.

22.

After sample containers have been filled, remove one additional volume of
groundwater. Measure the pH, temperature, turbidity, and conductivity. Record
on the groundwater sampling log or bound field logbook the time sampling
procedures were completed, any pertinent observations of the sample (e.g.,
physical appearance, and the presence or lack of odors or sheens), and the
values of the field indicator parameters.

23.

Remove bailer from well, secure well, and properly dispose of PPE and
disposable equipment.

24.

If a bailer is to be dedicated to a well, it should be secured inside the well above
the water table, if possible. Dedicated bailers should be tied to the well cap so
that inadvertent loss of the bailer will not occur when the well is opened.

25.

Complete the procedures for packaging, shipping, and handling with associated
chain-of-custody.
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VII.

Waste Management

Materials generated during groundwater sampling activities, including disposable
equipment, will be placed in appropriate containers. Containerized waste will be
disposed of by the client consistent with the procedures identified in the HASP.
VIII.

Data Recording and Management

Initial field logs and chain-of-custody records will be transmitted to the ARCADIS PM
at the end of each day unless otherwise directed by the PM. The groundwater team
leader retains copies of the groundwater sampling logs.
IX.

Quality Assurance

In addition to the quality control samples to be collected in accordance with this SOP,
the following quality control procedures should be observed in the field:


Collect samples from monitoring wells in order of increasing concentration, to the
extent known based on review of historical site information if available.



Equipment blanks should include the pump and tubing (if using disposable tubing)
or the pump only (if using tubing dedicated to each well).



Collect equipment blanks after wells with higher concentrations (if known) have
been sampled.



Operate all monitoring instrumentation in accordance with manufacturer’s
instructions and calibration procedures. Calibrate instruments at the beginning of
each day and verify the calibration at the end of each day. Record all calibration
activities in the field notebook.



Clean all groundwater sampling equipment prior to use in the first well and after
each subsequent well using procedures for equipment decontamination.

X.
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Attachment 2
Oxygen Solubility in Fresh Water

Temperature
(degrees C)
0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

Dissolved Oxygen
(mg/L)
14.6
14.19
13.81
13.44
13.09
12.75
12.43
12.12
11.83
11.55
11.27
11.01
10.76
10.52
10.29
10.07
9.85
9.65
9.45
9.26
9.07
8.9
8.72
8.56
8.4
8.24
8.09
7.95
7.81
7.67
7.54
7.41
7.28
7.16
7.05
6.93

Reference: Vesilind, P.A., Introduction to Environmental Engineering, PWS
Publishing Company, Boston, 468 pages (1996).

1

Imagine the result

Chain-of-Custody, Handling,
Packing and Shipping
Rev. #: 2
Rev Date: March 6, 2009

SOP: Chain-of-Custody, Handling, Packing and Shipping
Rev. #: 2 | Rev Date: March 6, 2009

Approval Signatures

Prepared by:

Date:

3/6/09

Date:

3/6/09

Caron Koll

Reviewed by:
Jane Kennedy(Technical Expert)

\\arcadis-us\officedata\newtown-pa\sop-library\reformatted sops 2008\general sops\1663199 - chain-of-custody, handling, packing and shipping.doc

1

SOP: Chain-of-Custody, Handling, Packing and Shipping

2

Rev. #: 2 | Rev Date: March 6, 2009

I.

Scope and Application

This Standard Operating Procedure (SOP) describes the chain-of-custody, handling,
packing, and shipping procedures for the management of samples to decrease the
potential for cross-contamination, tampering, mis-identification, and breakage, and to
insure that samples are maintained in a controlled environment from the time of
collection until receipt by the analytical laboratory.
II.

Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training,
including 40-hour HAZWOPER training, Department of Transportation (DOT) training,
site supervisor training, and site-specific training, as needed. In addition, ARCADIS
field sampling personnel will be versed in the relevant SOPs and possess the skills
and experience necessary to successfully complete the desired field work.
III.

Equipment List

The following list provides materials that may be required for each project. Project
documents and sample collection requirements should be reviewed prior to initiating
field operations:


indelible ink pens (black or blue);



polyethylene bags (resealable-type);



clear packing tape, strapping tape, duct tape;



chain of custody



DOT shipping forms, as applicable



custody seals or tape;



appropriate sample containers and labels,;



insulated coolers of adequate size for samples and sufficient ice to maintain
4°C during collection and transfer of samples;



wet ice;



cushioning and absorbent material (i.e., bubble wrap or bags);
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temperature blank



sample return shipping papers and addresses; and



field notebook.

IV.

Cautions

Review project requirements and select appropriate supplies prior to field mobilization.
Insure that appropriate sample containers with applicable preservatives, coolers, and
packing material have been supplied by the laboratory.
Understand the offsite transfer requirements for the facility at which samples are
collected.
If overnight courier service is required schedule pick-up or know where the drop-off
service center is located and the hours of operation. Prior to using air transportation,
confirm air shipment is acceptable under DOT and International Air Transport
Association (IATA) regulation
Schedule pick-up time for laboratory courier or know location of laboratory/service
center and hours of operation.
Understand DOT and IATA shipping requirements and evaluate dangerous goods
shipping regulations relative to the samples being collected (i.e. complete an
ARCADIS shipping determination). Review the ARCADIS SOPs for shipping,
packaging and labeling of dangerous goods. Potential samples requiring compliance
with this DOT regulation include:

V.



Methanol preservation for Volatile Organic Compounds in soil samples



Non-aqueous phase liquids (NAPL)
Health and Safety Considerations

Follow health and safety procedures outlined in the project/site Health and Safety Plan
(HASP).

\\arcadis-us\officedata\newtown-pa\sop-library\reformatted sops 2008\general sops\1663199 - chain-of-custody, handling, packing and shipping.doc

SOP: Chain-of-Custody, Handling, Packing and Shipping

4

Rev. #: 2 | Rev Date: March 6, 2009

Use caution and appropriate cut resistant gloves when tightening lids to 40 mL vials.
These vials can break while tightening and can lacerate hand. Amber vials (thinner
glass) are more prone to breakage.
Some sample containers contain preservatives.

VI.



The preservatives must be retained in the sample container and should in no
instance be rinsed out.



Preservatives may be corrosive and standard care should be exercised to
reduce potential contact to personnel skin or clothing. Follow project safety
procedures if spillage is observed.



If sample container caps are broken discard the bottle. Do not use for sample
collection.
Procedure

Chain-of-Custody Procedures
1.

Prior to collecting samples, complete the chain-of-custody record header
information by filling in the project number, project name, and the name(s) of the
sampling technician(s) and other relevant project information. Attachment 1
provides an example chain-o- custody record

2.

Chain-of-custody information MUST be printed legibly using indelible ink (black
or blue).

3.

After sample collection, enter the individual sample information on the chain-ofcustody:
a.

Sample Identification indicates the well number or soil location that the
sample was collected from. Appropriate values for this field include well
locations, grid points, or soil boring identification numbers (e.g., MW-3, X20, SB-30). When the depth interval is included, the complete sample ID
would be “SB-30 (0.5-1.0) where the depth interval is in feet. Please
note it is very important that the use of hyphens in sample names and
depth units (i.e., feet or inches) remain consistent for all samples entered
on the chain-of-custody form. DO NOT use the apostrophe or quotes in
the sample ID. Sample names may also use the abbreviations “FB,”
“TB,” and “DUP” as prefixes or suffixes to indicate that the sample is a
field blank, trip blank, or field duplicate, respectively. NOTE: The sample

\\arcadis-us\officedata\newtown-pa\sop-library\reformatted sops 2008\general sops\1663199 - chain-of-custody, handling, packing and shipping.doc

SOP: Chain-of-Custody, Handling, Packing and Shipping

5

Rev. #: 2 | Rev Date: March 6, 2009

nomenclature may be dictated by the project database and require
unique identification for each sample collected for the project. Consult
the project data management plan for additional information regarding
sample identification.
b.

List the date of sample collection. The date format to be followed should
be mm/dd/yy (e.g., 03/07/09) or mm/dd/yyyy (e.g. 03/07/2009).

c.

List the time that the sample was collected. The time value should be
presented using military format. For example, 3:15 P.M. should be
entered as 15:15.

d.

The composite field should be checked if the sample is a composite over
a period of time or from several different locations and mixed prior to
placing in sample containers.

e.

The “Grab”. field should be marked with an “X” if the sample was
collected as an individual grab sample. (e.g. monitoring well sample or
soil interval).

f.

Any sample preservation should be noted.

g.

The analytical parameters that the samples are being analyzed for should
be written legibly on the diagonal lines. As much detail as possible should
be presented to allow the analytical laboratory to properly analyze the
samples. For example, polychlorinated biphenyl (PCB) analyses may be
represented by entering “PCBs” or “Method 8082.” Multiple methods
and/or analytical parameters may be combined for each column (e.g.,
PCBs/VOCs/SVOCs or 8082/8260/8270). These columns should also be
used to present project-specific parameter lists (e.g., Appendix IX+3
target analyte list. Each sample that requires a particular parameter
analysis will be identified by placing the number of containers in the
appropriate analytical parameter column. For metals in particular, indicate
which metals are required.

h.

Number of containers for each method requested. This information may
be included under the parameter or as a total for the sample based on
the chain of custody form used.

i.

Note which samples should be used for site specific matrix spikes.

j.

Indicate any special project requirements.
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k.

Indicate turnaround time required.

l.

Provide contact name and phone number in the event that problems are
encountered when samples are received at the laboratory.

m.

If available attach the Laboratory Task Order or Work Authorization forms

n.

The remarks field should be used to communicate special analytical
requirements to the laboratory. These requirements may be on a per
sample basis such as “extract and hold sample until notified,” or may be
used to inform the laboratory of special reporting requirements for the
entire sample delivery group (SDG). Reporting requirements that should
be specified in the remarks column include: 1) turnaround time; 2) contact
and address where data reports should be sent; 3) name of laboratory
project manager; and 4) type of sample preservation used.

o.

The “Relinquished By” field should contain the signature of the sampling
technician who relinquished custody of the samples to the shipping
courier or the analytical laboratory.

p.

The “Date” field following the signature block indicates the date the
samples were relinquished. The date format should be mm/dd/yyyy (e.g.,
03/07/2005).

q.

The “Time” field following the signature block indicates the time that the
samples were relinquished. The time value should be presented using
military format. For example, 3:15 P.M. should be entered as 15:15.

r.

The “Received By” section is signed by sample courier or laboratory
representative who received the samples from the sampling technician or
it is signed upon laboratory receipt from the overnight courier service.

3.

Complete as many chain-of-custody forms as necessary to properly document
the collection and transfer of the samples to the analytical laboratory.

4.

Upon completing the chain-of-custody forms, forward two copies to the
analytical laboratory and retain one copy for the field records.

5.

If electronic chain-of-custody forms are utilized, sign the form and make 1 copy
for ARCADIS internal records and forward the original with the samples to the
laboratory.
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Handling Procedures
1.

After completing the sample collection procedures, record the following
information in the field notebook with indelible ink:


project number and site name;



sample identification code and other sample identification information, if
appropriate;



sampling method;



date;



name of sampler(s);



time;



location (project reference);



location of field duplicates and both sample identifications;



locations that field QC samples were collected including equipment blanks,
field blanks and additional sample volume for matrix spikes; and



any comments.

2.

Complete the sample label with the following information in indelible ink:


sample type (e.g., surface water);



sample identification code and other sample identification information, if
applicable;



analysis required;



date;



time sampled; and



initials of sampling personnel;
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sample matrix; and



preservative added, if applicable.

3.

Cover the label with clear packing tape to secure the label onto the container
and to protect the label from liquid.

4.

Confirm that all caps on the sample containers are secure and tightly closed.

5.

In some instances it may be necessary to wrap the sample container cap with
clear packing tape to prevent it from becoming loose.

6.

For some projects individual custody seals may be required. Custody seal
evidence tape may be placed on the shipping container or they may be placed
on each sample container such that the cooler or cap cannot be opened without
breaking the custody seal. The custody seal should be initialed and dated prior
to relinquishing the samples.

Packing Procedures
Following collection, samples must be placed on wet ice to initiate cooling to 4°C
immediately. Retain samples on ice until ready to pack for shipment to the laboratory.
1.

Secure the outside and inside of the drain plug at the bottom of the cooler being
used for sample transport with “Duct” tape.

2.

Place a new large heavy duty plastic garbage bag inside each cooler

3.

Place each sample bottle wrapped in bubble wrap inside the garbage bag.
VOC vials may be grouped by sample in individual resealable plastic bags). If a
cooler temperature blank is supplied by the laboratory, it should be packaged
following the same procedures as the samples. If the laboratory did not include
a temperature blank, do not add one. Place 1 to 2 inches of cushioning material
(i.e., vermiculite) at the bottom of the cooler.

4.

Place the sealed sample containers upright in the cooler.

5.

Package ice in large resealable plastic bags and place inside the large garbage
bag in the cooler. Samples placed on ice will be cooled to and maintained at a
temperature of approximately 4°C.
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6.

Fill the remaining space in the cooler with cushioning material such as bubble
wrap. The cooler must be securely packed and cushioned in an upright position
and be surrounded (Note: to comply with 49 CFR 173.4, filled cooler must not
exceed 64 pounds).

7.

Place the completed chain-of-custody record(s) in a large resealable bag and
tape the bag to the inside of the cooler lid.

8.

Close the lid of the cooler and fasten with packing tape.

9.

Wrap strapping tape around both ends of the cooler.

10.

Mark the cooler on the outside with the following information: shipping address,
return address, “Fragile, Handle with Care” labels on the top and on one side,
and arrows indicating “This Side Up” on two adjacent sides.

11.

Place custody seal evidence tape over front right and back left of the cooler lid,
initial and date, then cover with clear plastic tape.

Note: Procedure numbers 2, 3, 5, and 6 may be modified in cases where laboratories
provide customized shipping coolers. These cooler types are designed so the sample
bottles and ice packs fit snugly within preformed styrofoam cushioning and insulating
packing material.
Shipping Procedures
1.

All samples will be delivered by an express carrier within 48 hours of sample
collection. Alternatively, samples may be delivered directly to the laboratory or
laboratory service center or a laboratory courier may be used for sample pickup.

2.

If parameters with short holding times are required (e.g., VOCs [EnCore™
Sampler], nitrate, nitrite, ortho-phosphate and BOD), sampling personnel will
take precautions to ship or deliver samples to the laboratory so that the holding
times will not be exceeded.

3.

Samples must be maintained at 4°C±2°C until shipment and through receipt at
the laboratory

4.

All shipments must be in accordance with DOT regulations and ARCADIS
dangerous goods shipping SOPs.
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5.

When the samples are received by the laboratory, laboratory personnel will
complete the chain-of-custody by recording the date and time of receipt of
samples, measuring and recording the internal temperature of the shipping
container, and checking the sample identification numbers on the containers to
ensure they correspond with the chain-of-custody forms.

Any deviations between the chain-of-custody and the sample containers, broken
containers, or temperature excursions will be communicated to ARCADIS immediately
by the laboratory.
VII.

Waste Management

Not applicable
VIII.

Data Recording and Management

Chain-of-custody records will be transmitted to the ARCADIS PM or designee at the
end of each day unless otherwise directed by the ARCADIS PM. The sampling team
leader retains copies of the chain-of-custody forms for filing in . the project file. Record
retention shall be in accordance with project requirements.
IX.

Quality Assurance

Chain-of-custody forms will be legibly completed in accordance with the applicable
project documents such as Sampling and Analysis Plan (SAP), Quality Assurance
Project Plan (QAPP), Work Plan, or other project guidance documents. A copy of the
completed chain-of-custody form will be sent to the ARCADIS Project Manager or
designee for review.
X.

References

Not Applicable
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I.

Scope and Application

This standard operating procedure (SOP) describes the procedures to measure radon
concentrations in indoor air and below a building slab in support of a vapor intrusion
investigation (VI). Radon can be used as a tracer gas for volatile organic compound
(VOCs) VI. An attenuation factor can be calculated considering the ratio of indoor air to
sub-slab concentrations of either VOCs or radon. Radon data can also be used to
locate potential points of soil gas entry (for example, detection of the short-lived
isotope of radon Rn 220 known as thoron is useful since it provides a rapid response
near entry points).
This SOP describes the procedures to collect radon measurements from both indoor
air using Air Chek Short Term Radon Test Kits from Air Chek, Inc., and sub-slab soil
vapor using a real-time instrument such as the Durridge RAD7, AlphaGUARD, or other
portable radon detector capable of being connected to a sub-slab soil gas point.
Selected instruments should also be recognized by the National Radon Proficiency
Program (http://www.neha-nrpp.org/radon_testing_devices.shtml). The necessary
equipment and detailed instructions for measuring radon concentrations in indoor air,
below a building slab, below a basement floor, or behind a basement wall are provided
below.
II.

Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training,
including 40-hour HAZWOPER training, site supervisor training, site-specific training,
first aid training, and cardiopulmonary resuscitation (CPR) training, as needed.
ARCADIS field sampling personnel will be well versed in the relevant SOPs and
possess the required skills and experience necessary to successfully complete the
desired field work. ARCADIS personnel responsible for leading vapor intrusion
investigations must have previous experience.
III.

Health and Safety Considerations

All sampling personnel should review the appropriate health and safety plan (HASP)
and job safety analysis (JSA) prior to beginning work to be aware of all potential
hazards associated with the job site and the specific task. The following are examples
of hazards that are often encountered in conducting vapor intrusion assessments and
radon measurements:
•

In residential buildings and neighborhoods, unfamiliar dogs can pose a
hazard. Even though proper permission for sampling may have been
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•

secured, it is still possible to encounter persons suspicious of or hostile to the
sampling team.
In occupied industrial buildings be aware of the physical hazards of ongoing
industrial processes. Examples include moving forklifts and equipment pits.

If indoor air in the breathing zone (for example within a basement or crawl space)
exceeds the NRC level of 30 pCi/L averaged over a year, exit the space as soon as
possible and consult the health and safety officer. See:
http://www.osha.gov/pls/oshaweb/owadisp.show_document?p_table=INTERPRETATI
ONS&p_id=24496
IV. Initial Building Survey on Integrity of Building and Slab
An initial building survey should be carried out to assess the condition of the home. If a
building survey has been completed in support of collecting indoor air samples, this
survey will suffice for radon sample collection as long as the integrity of the building
(basement slab, concrete walls, etc) is well detailed. Information on the heating,
ventilation, and air conditioning system (HVAC) should also be detailed.
If a building survey has not been previously completed, use the following steps.
1.

Confirm with the homeowner if an existing radon mitigation system is present in
the building. If so, the project manager should be consulted for further
instructions.

2.

Survey the building for cracks in the floor slab, cracks in the walls, floor sumps,
floor drain, or other preferential pathways for vapor transport using the
appropriate building survey (Attachment A). Record relevant information on
survey form and document with photographs as appropriate.

3.

Record date, time, location, and other relevant notes on the sampling form or
electronic field data collection device.

V. Equipment List
The equipment required for collecting radon measurements from both indoor air and
below a building slab are presented below. This SOP assumes that either a
permanent or temporary sub-slab sample port has already been installed during the VI
investigation.
Equipment required for collecting radon measurements from indoor air:
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•

Portable weather meter;

•

Carbon filters;

•

Camera;

•

Chain-of-custody (COC) form;

•

Sample collection log (attached); and

•

Material or stand to hold sampler at proper height without impeding airflow to the
unit. This may include a string/tack, laundry rack, coat rack, chair, or the like.

Equipment required for collecting radon measurements from beneath a building slab:
•

Durridge RAD7, AlphaGUARD, or similar portable radon detector with an inlet
port capable of being connected to a subslab sample point;

•

Appropriate-sized open-end wrenches (typically 9/16-inch) to connect to
permanent sample port;

•

Teflon sample tubing (to connect permanent or temporary sample ports to the
radon detector. In these situations ¼-inch Swagelok fittings or other methods may
be appropriate to affix tubing to the port. Staff should check this before heading
out into field.);

•

Tedlar bags – Radon detectors can pump at 1L/min; have enough bags to
capture 20 L of air;

•

Camera;

•

Chain-of-custody (COC) form; and

•

Sample collection log (attached).

VI. Procedure
Indoor Air Radon Measurement Using Passive Methods
The Air Chek Short Term Radon Test Kit consists of a small plastic envelope
containing an absorptive media. The envelope contains a hook that should be used to
hang the envelope up, and a small foam sponge used to hold the envelope open.

SOP: Radon Measurement in Support of Vapor Intrusion Investigations

5

Rev. #: 0 | Rev Date: 5/24/2013

Animated instructions are available on the manufacturers’ website and should be
viewed prior to sampling (http://www.radon.com/radon/radon_airchek.html).
The procedures to be used to collect the passive indoor air radon samples using an Air
Chek sample envelope are presented below:
1. Using the supplied hook, the envelope should be placed at regular breathing
height, 3-5 feet above the floor in a central location of the basement with
unimpeded air flow. EPA method 402-R-92-004 requires placement of
samplers a minimum distance of 2.5 feet from a floor, and 3.3 feet from an
exterior wall.
a. Although the instructions on the envelope state to put the sampler on
the first lived in floor, since radon sampling is being carried out in
support of a vapor intrusion investigation, the sampler should be
placed in the basement of the home.
b. Should the home feature a crawl space only, one sampler should be
placed in the crawl space and the other on the first floor.
2. Record the temperature and humidity in the area being sampled at the start
and end of the sampling period.
3. The sampler should be left undisturbed for a period of 96 hours.
4. Upon retrieving the sampler following exposure, the envelope should be
sealed using the adhesive flap supplied and shipped back to the laboratory.
Ensure the sealing is air-tight, if it is not use a small piece of plastic tape to
close tightly.
5. The return envelope comes equipped with shipping information and can
simply be placed in the mail, it is recommended to ship the samplers back to
the lab using FedEx or US Postal Service Priority Mail. Sample results are
time sensitive; staff should ensure samplers are to the lab (located in North
Carolina) in three days or less.
6. Duplicate samples will be collected for ten percent (10%) of the total number
of samples collected during the sampling event. Duplicate samples should be
placed at least 6 inches apart because of the potential for the passive
samplers to deplete the concentration of analyte in the immediate proximity of
the sampler.

SOP: Radon Measurement in Support of Vapor Intrusion Investigations

6

Rev. #: 0 | Rev Date: 5/24/2013

Sub-slab Soil Vapor Radon Measurement Using a Durridge RAD7 Portable
Radon Detector
Methods described below are written for the Durridge RAD7; should you be using a
different instrument the methods are still applicable but the flow rates and collection
times may need to be adjusted based on the sensitivity of different instruments.
The Durridge RAD7 operates using a 0.7 liter hemispherical internal sample cell. At
the center of the cell is a solid-state, ion implanted, planar, silicon alpha detector. The
detector is capable of real time measurements from 0.1 to 20,000 pCi/L. The
instrument will be used in sniff mode to analyze radon and thoron.
Operating the instrument in sniff mode with a cycle time of 5 to 10 minutes for radon or
3 minutes for Thoron allows for near real-time detecting of radon below the slab and
can allow sampling staff to actively identify potential entry points within the basement.
A 15 minute equilibration time per subslab port is recommended.
Depending on the structure to be sampled, collecting samples from multiple locations
will provide better coverage of the sub-slab conditions. Samples should also be
collected from each sub-slab soil gas location. The location of sampling points should
also be guided by visual or interview evidence of differences in floor system
construction in various areas of the structure. Examples of areas that should generally
be treated as different zones for evaluation are:
o
o
o
o

Areas with different construction styles – for example basement vs. crawlspace vs. slab on grade
Areas constructed at separate times
Areas with different flooring or basement wall construction materials
Areas with separate HVAC systems

Samples should be collected from either a permanent or temporary sub-slab sample
port installed during the VI investigation. Sample ports should be allowed to sit
undisturbed for at least 24-hours after installation prior to radon measurement to allow
for equilibration. Radon samples may be collected directly after purging of 3 soil gas
port volumes and sub-slab soil gas sampling for VOCs. All air purged while inside a
building should be collected in a Tedlar bag and exhausted outside the building.
Alternately if subslab sampling for VOCs is not necessary, the standard flow rate of the
RAD-7 with unrestricted flow – 500 to 1000 ml/min should be adequate to purge most
sampling points early in the 15 minute equilibration time, so a separate purge period
may not be necessary.
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Field staff should rely on the manual
(http://www.durridge.com/documentation/R7MANV7.pdf) for the operation and
troubleshooting of the RAD7 instrument. Specifically, sections of note are below:
•

•

•
•

•
•

Setting up the RAD7, Section 1, pdf page 10
a. Inspect all power cords.
b. Inspect desiccant to ensure it is ready for use, should be blue.
c. Ensure unit powers up properly.
Starting a sniff test, Section 1.5, pdf page 14
a. Set up the unit to sniff for both radon and thoron.
b. Each location should be sniffed for at least 15 minutes to give a
reliable radon reading.
c. Record all readings on the sampling sheet and/or field book.
Details of sniffing, Section 4.3, pdf page 48
Using the detector for soil gas sampling, Section 4.6, pdf page 51
a. Use a 5-minute cycle time, discard first two cycles to ensure the unit
has been cleaned out between sample points.
b. Watch the current required to operate the pump, readings over 100
mA indicate tight soils and poor flow.
c. Record pumping rate.
Background on radon, Section 3.11, pdf page 36
Maintenance of the unit, Section 7, pdf page 69
a. The desiccant must be regenerated when it appears pink. When dry,
it will appear blue.

1. Staff should sample each sub-slab sample port using the sniff test mode to
look for radon. Ignore the first two 5-minute sniff test cycles and average the
next two cycles to arrive at the concentration of radon below the building slab.
a. The RAD7 should be connected to the sample port using Teflon
tubing and standard VI sampling fittings.
b. Ensure these connections can be properly made prior to heading into
the field.
c. Capture exhaust air from the RAD7 in a Tedlar bag and exhaust this
air outside of the building.
2. Upon completion of the test at each sample port, field staff should use the
detector to investigate potential entryways (i.e. cracks, sumps, pits, drains)
and note the presence of elevated radon or thoron readings from any of these
features.
a. Photograph any potential entry points as they are found
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b. Note that such measurements may only be accurate to the extent that
differential pressure moves gas into the building at the time of
measurement.
VI.

Waste Management

No specific waste management procedures are required.
VII.

Data Recording and Management

Notes taken during the initial building survey will be recorded on the sample log, with
notations of project name, sample date, sample time, sample location (e.g., description
and GPS coordinates if available), sample start and finish times. Sample logs and
COC records will be transmitted to the Task Manager or Project Manager. A building
survey form and product inventory form (Attachment A) may also be completed for
each building within the facility being sampled during each sampling event as
applicable.
VIII.

Quality Assurance

Duplicate samples should be collected in the field as a quality assurance step.
Generally, duplicates are taken of 10% of samples, but project specific requirements
should take precedence.
Ambient background samples outside the building should be taken with the RAD-7
several feet above the ground. These samples should be taken at least at the
beginning and end of each monitoring date.
IX. References
Lutes, C.C. , R. Uppencamp, L. Abreu , C. Singer, R. Mosley and D.Greenwell
“Radon Tracer as a Multipurpose Tool to Enhance Vapor Intrusion Assessment and
Mitigation” poster presentation at AWMA Specialty Conference: Vapor Intrusion 2010,
September 28-30, 2010, Chicago, IL
Steck, D.J. “Exposure to Atmospheric Radon” Environmental Health Perspectives
Volume 107, No 2, February 1999.
U.S. Environmental Protection Agency Office of Air and Radiation (6604J)
EPA 402-R-92-004 July 1992 (revised) “Indoor Radon and Radon Decay Product
Measurement Device Protocols”
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US EPA, 2006, “Assessment of Vapor Intrusion in Homes Near the Raymark
Superfund Site Using Basement and Sub-slab Air Samples”, EPA/600/R-05/147.
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1.

BUILDING CHARACTERISTICS:

Type of Building: (circle appropriate response)
Residential

School

Commercial/Multi-use

Industrial

Church

Other: _________________

If the Property is Residential, Type? (circle appropriate response)
Ranch

2-Family 3-Family

Raised Ranch

Split Level

Colonial

Cape Cod

Contemporary

Mobile Home

Duplex

Apartment House

Townhouses/Condos

Modular

Log Home

Other:_______________

If Multiple Units, How Many? ___________
If the Property is Commercial, Type?
Business Type(s) _____________________________________
Does it include residences (i.e., multi-use)? Y / N

If yes, how many? _________

Other Characteristics:
Number of Floors______
Is the Building Insulated? Y / N

2.

Building Age______
How Air-Tight?

Tight / Average / Not Tight

AIRFLOW:

Use air current tubes or tracer smoke to evaluate airflow patterns and qualitatively describe:
Airflow Between Floors

__________________________________________________________________________________

1
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Airflow Near Source

__________________________________________________________________________________
__________________________________________________________________________________
Outdoor Air Infiltration
__________________________________________________________________________________

Infiltration Into Air Ducts

__________________________________________________________________________________
__________________________________________________________________________________

3.

BASEMENT AND CONSTRUCTION CHARACTERISTICS: (circle all that apply)

a.

Above grade construction:

wood frame

concrete

stone brick

b.

Basement type:

full

crawlspace

slab other ________

c.

Basement floor:

concrete

dirt

stone other ________

d.

Basement floor:

uncovered

covered

covered with _______________

e.

Concrete floor:

unsealed

sealed

sealed with ________________

f.

Foundation walls:

poured

block stone

other _____________________

g.

Foundation walls:

unsealed

sealed

sealed with ________________

h.

The basement is:

wet

damp

dry

i.

The basement is:

finished

unfinished

partially finished

j.

Sump present?

Y/N

k.

Water in sump?

Y / N / NA

Basement/lowest level depth below grade: ________(feet)

moldy

2
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Identify potential soil vapor entry points and approximate size (e.g., cracks, utility ports, drains)
__________________________________________________________________________________

Are the basement walls or floor sealed with waterproof paint or epoxy coatings?

4.

Y/N

HEATING, VENTILATING, AND AIR CONDITIONING: (circle all that apply)

Type of heating system(s) used in this building: (circle all that apply – note primary)
Hot air circulation

Heat pump

Hot water baseboard

Space heaters

Stream radiation

Radiant floor

Electric baseboard

Wood stove

Outdoor wood boiler

Natural base

Fuel oil

Kerosene

Electric

Propane

Solar

Other _________
The primary type of fuel used is:

Wood coal
Domestic hot water tank fueled by: ____________________________
Boiler/furnace located in:

Basement

Outdoors

Main Floor

Air conditioning:

Central Air

Window Units

Open Windows

Humidifier:

Operating

Are there air distribution ducts present?

Other___________
None

Not Operating
Y/N

Describe the supply and cold air return ductwork, and its condition where visible, including whether
there is a cold air return and the tightness of duct joints. Indicate the locations on the floor plan
diagram.
__________________________________________________________________________________
__________________________________________________________________________________
__________________________________________________________________________________
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5.

OCCUPANCY:

Is basement/lowest level occupied?

Full-time

Occasionally

Seldom

Almost Never

General Use of Each Floor (e.g., family room, bedroom, laundry, workshop, storage):
Basement __________________________________________________________
1st Floor ___________________________________________________________
2nd Floor ___________________________________________________________
3rd Floor ___________________________________________________________
4th Floor ___________________________________________________________

6.

FACTORS THAT MAY INFLUENCE INDOOR AIR QUALITY:

a.

Is there an attached garage?

b.

Does the garage have a separate heating unit? Y / N / NA

c.

Are petroleum-powered machines or vehicles stored in the garage (e.g., lawnmower, ATV, car)?
Y / N / NA

Y/N

Please specify: _________________________________________________

d.

Has the building ever had a fire?

Y/N

When? _____________________________

e.

Is a kerosene or unvented gas space heater present? Y / N Where? ___________________

f.

Is there a workshop or hobby/craft area? Y / N

g.

Is there smoking in the building?

h.

Have cleaning products been used recently?

Y / N When & Type? __________________

i.

Have cosmetic products been used recently?

Y / N When & Type? __________________

j.

Has painting/staining been done in the last 6 months?

k.

Is there new carpet, drapes or other textiles?

l.

Have air fresheners been used recently? Y / N When & Type? _______________________

m.

Is there a kitchen exhaust fan?

Y/N

n.

Is there a bathroom exhaust fan?

Y / N If yes, where vented?________________________

Where & Type? _________________

Y / N How frequently? ___________________________

Y / N Where & When? ____________

Y / N Where & When? ________________

If yes, where _________________________
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o.

Is there a clothes dryer?

Y / N If yes, is it vented outside?

p.

Has there been a pesticide application?

q.

Are there odors in the building?

Y/N

Y / N When & Type?______________________

Y/N

If yes, please describe: _____________________________________________________________
Do any of the building occupants use solvents (e.g., chemical manufacturing or laboratory, auto
mechanic or auto body shop, painting, fuel oil delivery, boiler mechanic, pesticide application,
cosmetologist) at work?
Y/N
If yes, what types of solvents are used? _________________________________________________
If yes, are their clothes washed at work?

Y/N

Do any of the building occupants regularly use or work at a dry-cleaning service? (circle appropriate
response)
Yes, use dry-cleaning regularly (weekly)

No

Yes, use dry-cleaning infrequently (monthly or less)

Unknown

Yes, work at a dry-cleaning service
Is there a radon mitigation system for the building/structure?

Y/N

Date of Installation: ______________________
Is the system active or passive?

Active/Passive

Are there any Outside Contaminant Sources? (circle appropriate responses)
Contaminated site with 1000-foot radius? Y / N

Specify ________________________________

Other stationary sources nearby (e.g., gas stations, emission stacks, etc.): ___________________
______________________________________________________________________________
Heavy vehicle traffic nearby (or other mobile sources): __________________________________

7.

WATER AND SEWAGE:

Water Supply:

Public Water

Drilled Well

Driven Well

Dug Well

Other: _______

Sewage Disposal:

Public Sewer

Septic Tank

Leach Field

Dry Well

Other: _______
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8.

RELOCATION INFORMATION: (for oil spill residential emergency)

a.

Provide reasons why relocation is recommended: __________________________________

__________________________________________________________________________________
b.

Residents choose to:

remain in home

relocate to friends/family relocate to hotel/motel

c.

Responsibility for costs associated with reimbursement explained?

d.

Relocation package provided and explained to residents?

9.

FLOOR PLANS:

Y/N

Y/N

Draw a plan view sketch of the basement and first floor of the building. Indicate air sampling locations, possible
indoor air pollution sources and PID meter readings. If the building does not have a basement, please note.
Basement:
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First Floor:
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10.

OUTDOOR PLOT:

Draw a sketch of the area surrounding the building being sampled. If applicable, provide information on spill
locations, potential air contamination sources (industries, gas stations, repair shops, landfills, etc.), outdoor air
sampling location(s), and PID meter readings.
Also indicate compass direction, wind direction and speed during sampling, the locations of the well and septic
system, if applicable, and a qualifying statement to help locate the site on a topographic map.
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11.

PRODUCT INVENTORY FORM:

Make and Model of field instrument used: _________________________________________________
List specific products found in the residence or area that have the potential to affect indoor air quality (e.g.,
gasoline or kerosene storage cans, glues, paints, cleaning solvents/products, polishes/waxes, new furniture/
carpet, nail polish/hairspray/cologne).

Location

Product
Description

Size (units)

Condition*

Chemical
Ingredients

Field
Instrument
Reading
(units)

Photo** Y/N
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Radon Measurement
Sample Log
Address /
Sample ID:
Client:

Number of
Samples:

Project:

Sample
Point
Locations:

Location:

Samplers:

Project #:

Instrument Information

RAD7 Sub-Slab
Readings
Reading 1
Point 1

Serial
Number

Rented
From

Last
Calibrated

Desiccant
Color

Date Point
Installed

Date
Sampled

Time
Sampled

Radon
Reading

Thoron
Reading

Relative
Humidity

Sample
Height

End Date

End Time

Relative
Humidity

Reading 2
Reading 3

Point 2

Reading 1
Reading 2
Reading 3

Point 3

Reading 1
Reading 2
Reading 3

Note: If more than three sample points use a second sheet
Air Chek
Sampler
Point 1
Point 2
Point 3

Date
Deployed

Time
Deployed

General Observations/Notes:

Relative
Humidity
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I.

Scope and Application

This document describes the procedures to collect subsurface soil-gas samples from
sub-slab sampling ports and soil vapor monitoring points for the analysis of volatile
organic compounds (VOCs) including volatile polyaromatic hydrocarbons (PAHs) by
United States Environmental Protection Agency (USEPA) Method TO-17 (TO-17) and
USEPA Method TO-15.
The TO-17 method uses a glass or stainless steel tube packed with a sorbent material.
Sorbents of increasing strength and composition are packed within the tube. The
specific sorbent material packed within each tube is selected based on the target
compounds and desired reporting limits. A measured volume of soil-gas is passed
through the tube during sample collection.
The TO-15 method uses 1-liter 3-liter or 6-liter SUMMA® passivated stainless steel
canister. An evacuated SUMMA canister (less than 28 inches of mercury [Hg]) will
provide a recoverable whole-gas sample of approximately 5 liters when allowed to fill
to a vacuum of approximately 6 inches of Hg. The whole-air sample is then analyzed
for VOCs using a quadrupole or ion-trap gas chromatograph/mass spectrometer
(GS/MS) system to provide compound detection limits of 0.5 parts per billion volume
(ppbv). Optionally the canister sample can also be analyzed for fixed gasses such as
Helium, Carbon dioxide and oxygen. .
Following sample collection the TO-17 tube and TO-15 canister is sent to the
laboratory where the sampling media is analyzed for the target compounds.
The following sections list the necessary equipment and provide detailed instructions
for the collection of soil-gas samples for analysis using TO-17 and TO-15.
Soil vapor samples can be collected from sub-slab sample probes or soil-vapor ports. Refer to
the appropriate standard operating procedure (SOP) from the ARCADIS SOP library for a
description of construction methods.

II.

Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training,
including 40-hour HAZWOPER training, site supervisor training, site-specific training,
first-aid, and cardiopulmonary resuscitation (CPR), as needed. ARCADIS field
sampling personnel will be well versed in the relevant standard operating procedures
(SOPs) and possess the required skills and experience necessary to successfully
complete the desired field work. ARCADIS personnel responsible for leading soil-gas
sample collection activities must have previous soil-gas sampling experience.
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III.

Health and Safety Considerations

All sampling personnel should review the appropriate health and safety plan (HASP)
and job loss analysis (JLA) prior to beginning work to be aware of all potential hazards
associated with the job site and the specific task. Field sampling equipment must be
carefully handled to minimize the potential for injury and the spread of hazardous
substances. For sub-slab vapor probe installation, drilling with an electric concrete
impact drill should be done only by personnel with prior experience using such a piece
of equipment and with the appropriate health and safety measures in place as
presented in the JLA
IV

Equipment List

The equipment required for collect soil-gas samples for analysis using method TO-15
and TO-17 is presented below:


Appropriate personal protective equipment (PPE; as presented in the site
specific HASP and the JLA)



TO-17 tubes pre-packed by the laboratory with the desired sorbent.
Specific sorbents will be recommended by the laboratory considering the
target compound list and the necessary reporting limits;



TO-17 sample flow rate calibration tubes (provided by the laboratory);



Stainless steel SUMMA® canisters (1-liter, 3-liter, or 6-liter; order at least
5% extra, if feasible) (batch certified canisters or individual certified
canisters as required by the project)



Flow controllers with in-line particulate filters and vacuum gauges; flow
controllers are pre-calibrated to specified sample duration (e.g., 30 minutes,
8 hours, 24 hours) or flow rate (e.g., 200 milliliters per minute [mL/min]);
confirm with the laboratory that the flow controller comes with an in-line
particulate filter and pressure gauge (order at least 5% extra, if feasible).
Flow rate should be selected based on expected soil type (see below).



Two decontaminated Swagelok or stainless-steel or comparable two-way
ball or needle valve (sized to match sample tubing).



1/4-inch outer diameter (OD) tubing (Teflon® or Teflon-lined polyethylene);



Stainless steel or comparable Swagelok® or equivalent compression
fittings for 1/4-inch OD tubing;
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V.



Stainless steel “T” fitting (if sample train will be assembled with an inline
vacuum gauge a four-way fitting will be needed);



Three Stainless steel duplicate “T” fittings ;



2 Portable vacuum pumps capable of producing very low flow rates (e.g.,
10 to 200 mL/min) with vacuum gauge;



Vacuum gauge if monitoring vacuum reading during sample collection is
necessary and portable vacuum pump is not equipped with a vacuum
gauge;



Rotameter or an electric flow sensor if vacuum pump does not have a flow
gauge (Bios DryCal or equivalent);



Tracer gas testing supplies (refer to Adminstering Tracer Gas SOP
#41699);



Photoionization Detector (PID) (with a lamp of 11.7 eV);



Appropriate-sized open-end wrench (typically 9/16-inch, 1/2-inch , and 3/4inch);



2 Tedlar bags;



Portable weather meter, if appropriate;



Chain-of-custody (COC) form;



Sample collection log;



Gel ice; and



Field notebook.

Cautions

The following cautions and field tips should be reviewed and considered prior to
collecting soil-gas samples.
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Sampling personnel should not handle hazardous substances (such as
gasoline), permanent marking pens (sharpies), wear/apply fragrances, or
smoke cigarettes/cigars before and/or during the sampling event.



Care should be taken to ensure that the appropriate sorbent is used in the TO17 tube preparation. Sorbent should be selected in consultation with the
analytical laboratory and in consideration of the target compound list, the
necessary reporting limits and the expected range of concentrations in field
samples. The expected range of concentrations in field samples may be
estimated from previous site data, release history and professional judgment
informed by the conceptual site model.



Flow rates for sample collection with TO-17 sorbent tubes should be
determined well in advance of field work in consultation with the laboratory.



A Shipping Determination must be performed, by DOT-trained personnel, for
all environmental samples that are to be shipped, as well as some types of
environmental equipment/supplies that are to be shipped.



At the sampling location, keep the tubes in their storage and transportation
container to equilibrate with ambient temperature prior to attaching to the
sample train.



Always use clean gloves when handling sampling tubes.



Seal clean, blank sorbent tubes and sampled tubes using inert, Swagelok®type fittings and PTFE ferrules. Wrap capped tubes individually in uncoated
aluminum foil. Use clean, sealable glass jars or metal cans containing a small
packet of activated charcoal or activated charcoal/silica gel for storage and
transportation of multiple tubes. This activated charcoal is not analyzed, but
serves as a protection for the analytical sorbent tube. Store the multi-tube
storage container in a clean environment at 4ºC.



Keep the sample tubes inside the storage container during transportation and
only remove them at the monitoring location after the tubes have reached
ambient temperature. Store sampled tubes in a refrigerator at 4ºC inside the
multi-tube container until ready for analysis.



The purge flow rate of 100 ml/min should be suitable for a variety of silt and
sand conditions but will not be achievable in some clays without excessive
vacuum. A low vacuum (<10” of mercury) should be maintained. Record the
measured flow rate and vacuum pressure during sample collection.

SOP: Soil-Gas Sampling and Analysis Using USEPA Method TO-17 and Method TO-15
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The cutoff value for vacuum differs in the literature from 10” of water column
(ITRC 2007) to 136” of water column or 10” of mercury
(http://www.dtsc.ca.gov/lawsregspolicies/policies/SiteCleanup/upload/SMBR_
ADV_activesoilgasinvst.pdf). A detailed discussion of the achievable flow
rates in various permeability materials can be found in Nicholson 2007.
Related issues of contaminant partitioning are summarized in ASTM D531492. Passive sampling approaches can be considered as an alternative for
clay soils. However most passive sampling approaches are not currently
capable of quantitative estimation of soil gas concentration.


It is important to record the canister pressure, start and stop times and ID on a
proper field sampling form. You should observe and record the time/pressure
at a mid-point in the sample duration. It is a good practice to lightly tap the
pressure gauge with your finger before reading it to make sure it isn’t stuck.



Ensure that there is still measureable vacuum in the SUMMA® after sampling.
Sometimes the gauges sent from labs have offset errors, or they stick.



When sampling carefully consider elevation. If your site is over 2,000’ above
sea level or the difference in elevation between your site and your lab is more
than 2,000’ then pressure effects will be significant. If you take your samples
at a high elevation they will contain less air for a given ending pressure
reading. High elevation samples analyzed at low elevation will result in more
dilution at the lab, which could affect reporting limits. Conversely low elevation
samples when received at high elevation may appear to not have much
vacuum left in them. http://www.uigi.com/Atmos_pressure.html.



If possible, have equipment shipped a two or three days before the sampling
date so that all materials can be checked. Order replacements if needed.



Requesting extra canisters and extra sorbent tubes from the laboratory should
also be considered to ensure that you have enough equipment on site in case
of an equipment failure.



Shallow exterior soil-gas sampling should not proceed within 5 days following
a significant rain event (1/2-inch of rainfall or more).

SOP: Soil-Gas Sampling and Analysis Using USEPA Method TO-17 and Method TO-15
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VI.

Procedure

Soil-Gas Sample Preparation
Selection of Sorbent and Sampling Volume (to be completed prior to sampling event)
1.

Identify the necessary final reporting limit for the target compound(s) in
accordance with the project quality assurance plan and/or in consultation with
the data end user.

2.

Identify the necessary method reporting limit(s). The laboratory will be helpful in
providing this information as it is typically specific to the sensitivity of the
instrumentation.

3.

The minimum sampling volume is the volume of soil-gas sample that must be
drawn through the sorbent in order to achieve the desired final reporting limit.
Calculate the minimum sampling volume using the following equation:
μ
μ /
Where:
L = liters
µg = microgram
m = meter

1,000
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4.

If a timed sample duration is specified in the work plan, calculate the minimum
flow rate. The minimum flow rate is the flow rate necessary to achieve the
minimum sampling volume using the following formula:
/

Where:
min = minutes
Then compare the minimum flow rate calculated to the requirements for maximum soil
gas sampling without excessive danger of short circuiting, normally stated as
0.2 liters/minute, although it can be lower in tight soils. Soil vapor sampling flow
rates should not exceed 200 ml/min.
5.

Compare the minimum sampling volume to the safe sampling volume (SSV) for
the sorbents selected. SSV for specific sorbents can be provide by the
manufacture or the laboratory, being used (Table 1 and Appendix 1 in Method
TO-17). Ensure that the compound will not breakthrough when sampling the
volume calculated above.

Soil-Gas Sample Collection
Calibration of the sample pump prior to assembly of sampling train
1.

Attach the sample flow rate calibration tube provided by the laboratory to the
inlet of the sample pump using a section of tubing. Attach the flow calibrator to
the inlet of the sample flow rate calibration tube. The sample flow rate
calibration tube should be clearly marked by the laboratory with an arrow
indicating flow direction (or as otherwise specified by the laboratory).

2.

Turn on the sample pump and adjust the flow rate on the sample pump to
achieve the desired minimum flow rate (calculated above) as measured by the
flow calibrator.

3.

Repeat until each sampling pump has been properly calibrated to its appropriate
flow rate.

SOP: Soil-Gas Sampling and Analysis Using USEPA Method TO-17 and Method TO-15
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Assembly of combined TO-17 and TO-15 sampling train
1.

Record the following information in the field notebook, if appropriate (contact the
local airport or other suitable information source [e.g., site-specific
measurements, weatherunderground.com] to obtain the information):
a.

wind speed and direction;

b.

ambient temperature;

c.

barometric pressure; and

d.

relative humidity.

2.

If samples are being collected from temporary or permanent soil vapor points
simply remove the cap or plug and proceed to step 3. When collecting samples
from a sub-slab port remove the cap or plug from the sampling port. Connect a
short piece of Teflon or Teflon-lined tubing to the sampling port using a
Swagelok or equivalent stainless-steel or comparable compression fitting.

3.

Connect the Teflon or Teflon-lined tubing to a stainless steel T fitting using a
Swagelok or equivalent stainless-steel or comparableompression fitting.

4.

Remove the brass cap from the SUMMA® canister and connect the flow
controller with in-line particulate filter and vacuum gauge to the SUMMA®
canister. Do not open the valve on the SUMMA® canister. Record in the field
notebook and COC form the flow controller number with the appropriate
SUMMA® canister number.

5.

Connect the flow controller to the stainless steel T fitting using a Swagelok or
equivalent stainless-steel or comparable compression fitting. The TO-15 leg of
the combined sampling train is now complete.

6.

Attach a length of Teflon or Teflon-lined tubing to the free end of the stainless
steel T fitting using a Swagelok or equivalent stainless-steel or comparble
compression fitting.

7.

Complete the remainder of the sampling train as depicted in Figure 1.

SOP: Soil-Gas Sampling and Analysis Using USEPA Method TO-17 and Method TO-15
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Purge Sampling Assembly and Sampling Point Prior to Sample Collection.
1.

Ensure the two-way valve next to the flow rate calibration tube is open and the
two way valve next to the TO-17 sampling tubes is closed. Purge three volumes
of air from the vapor probe and sampling line using the portable pump.
Measure organic vapor levels with the PID. Lower flow rates may be necessary
in silt or clay to avoid excessive vacuum. Vacuum reading greater than 136
inches of water column are clearly excessive. Other available sources cite a
cutoff of greater than 10 inches of water column.

2.

Check the seal established around the soil vapor probe and the sampling train
fittings by using a tracer gas (e.g., helium) or other method established in
applicable regulatory guidance documents. [Note: Refer to ARCADIS SOP
“Administering Tracer Gas,” adapted from NYSDOH 2005, for procedures on
tracer gas use.]

3.

When three volumes of air have been purged from the vapor probe and
sampling line stop the purge pump and close the valve next to the flow rate
calibration tube.

TO-15 Sample Collection
1.

Open the SUMMA® canister valve to initiate sample collection. Record on
the sample log (attached) the time sampling began and the canister
pressure.
If the initial vacuum pressure registered is not between -30 and -25 inches of
Hg, then the SUMMA® canister is not appropriate for use and another canister
should be used.

2.

Take a photograph of the SUMMA® canister and surrounding area (unless
photography is restricted by the property owner).

3.

Check the SUMMA canister approximately half way through the sample
duration and note progress on sample logs.

TO-15 Sample Termination
1.

Arrive at the SUMMA® canister location at least 10 to 15 minutes prior to the
end of the sampling interval.

SOP: Soil-Gas Sampling and Analysis Using USEPA Method TO-17 and Method TO-15
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2.

Record the final vacuum pressure. Stop collecting the sample by closing the
SUMMA® canister valves. The canister should have a minimum amount of
vacuum (approximately 6 inches of Hg or slightly greater).

3.

Record the date and time of valve closing in the field notebook, sample
collection log, and COC form.

TO-17 Sample Collection
1.

Record in the field notebook and COC form the tube number on the TO-17 tube.

2.

Open the two-way valve next to the TO-17 tubes

3.

Turn on the sample pump to begin sample collection. Use a stopwatch to
ensure accuracy in pumping time. Record in the field notebook and the field
sample log the time sampling began and the flow rate from each of the sample
pumps.

Termination of Sample Collection
1.

Stop the sample pumps after the desired volume of soil-gas has passed through
the sorbent, and close the two-way valves next to the TO-17 sample tubes.

2.

Record the stop time.

3.

Detach the Tedlar bag from each sample pump and measure the helium
concentration in the soil-gas collected by the Tedlar bag. Record any detections
in the field book and sample collection log.

4.

Open the two-way valve to permit flow through the flow rate calibration tube.
Reconnect each of the sampling pumps and measure the flow rate. Record the
post-sampling flow rates in the field log book and the sample collection logs.
The post-sampling flow rate should match within 10% of the pre-sample flow
rate. Average the pre-sampling and post-sampling flow rate and record in the
field log book, and the sample collection log.

5.

Calculate the sample volume using the average of the pre-sample and postsample flow rate. Record the sample volume in the field log book, the sample
collection log, and on the COC.

6.

Package the tubes according to laboratory protocol on gel ice and ship to the
laboratory for analysis.

SOP: Soil-Gas Sampling and Analysis Using USEPA Method TO-17 and Method TO-15
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VII.

Waste Management

The waste materials generated during sampling activities should be minimal. PPE,
such as gloves and other disposable equipment (i.e., tubing), will be collected by field
personnel for proper disposal.
VIII.

Data Recording and Management

Measurements will be recorded in the field notebook at the time of measurement with
notations of the project name, sample date, sample start and finish time, sample
location (e.g., GPS coordinates, distance from permanent structure), tube type and
number and sample volume. Field sampling logs and COC records will be transmitted
to the Project Manager.
IX.

Quality Assurance

Duplicate samples should be collected in the field as a quality assurance step.
Generally, duplicates are taken of 10% of samples, but project specific requirements
should take precedence. Duplicate soil gas samples should be collected via a split
sample train, allowing the primary and duplicate sample to be collected from the soilgas probe simultaneously.
Quality assurance planning for method TO-17 should take careful note of the method
requirement for distributed volume pairs. Although in some circumstances this
requirement may be waived, this does constitute a deviation from the method as
written. It is wise to discuss this decision with clients and/or regulators before
sampling.
Soil-gas sample analysis will be performed using USEPA TO-17 methodology for a
site specific constituent list defined in the work plan. Constituent lists and reporting
limits must be discussed with the laboratory prior to mobilizing for sampling. Quality
assurance parameters should be confirmed with the laboratory prior to sampling. Field
quality assurance parameters should be defined in the site-specific work plan. A trip
blank sample should accompany each shipment of soil-gas samples to the laboratory
for analysis. Trip blanks assess potential sample contamination resulting from the
transportation and storing of samples. Soil-gas sample analysis will generally be
performed using USEPA TO-15 methodology or a project specific constituent list.
Method TO-15 uses a quadrupole or ion-trap GC/MS with a capillary column to
provide optimum detection limits (typically 0.5-ppbv for most VOCs).
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I.

Scope and Application

Equipment decontamination is performed to ensure that sampling equipment that
contacts a sample, or monitoring equipment that is brought into contact with
environmental media to be sampled, is free from analytes of interest and/or
constituents that would interfere with laboratory analysis for analytes of interest.
Equipment must be cleaned prior to use for sampling or contact with environmental
media to be sampled, and prior to shipment or storage. The effectiveness of the
decontamination procedure should be verified by collecting and analyzing equipment
blank samples.
The equipment cleaning procedures described herein includes pre-field, in the field,
and post-field cleaning of sampling tools which will be conducted at an established
equipment decontamination area (EDA) on site (as appropriate). Equipment that
may require decontamination at a given site includes: soil sampling tools;
groundwater, sediment, and surface-water sampling devices; water testing
instruments; down-hole instruments; and other activity-specific sampling equipment.
Non-disposable equipment will be cleaned before collecting each sample, between
sampling events, and prior to leaving the site. Cleaning procedures for sampling
equipment will be monitored by collecting equipment blank samples as specified in
the applicable work plan or field sampling plan. Dedicated and/or disposable (not to
be re-used) sampling equipment will not require decontamination.
II.

Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training,
including 40-hour HAZWOPER training, site supervisor training, and site-specific
training, as needed. In addition, ARCADIS field sampling personnel will be versed in
the relevant SOPs and possess the skills and experience necessary to successfully
complete the desired fieldwork. The project HASP and other documents will identify
any other training requirements such as site specific safety training or access control
requirements.
III.

Equipment List



health and safety equipment, as required in the site Health and Safety Plan
(HASP)



distilled water
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Non-phosphate detergent such as Alconox or, if sampling for phosphorus
phosphorus-containing compounds, Luminox (or equivalent).



tap water



rinsate collection plastic containers



DOT-approved waste shipping container(s), as specified in the work plan or field
sampling plan (if decontamination waste is to be shipped for disposal)



brushes



large heavy-duty garbage bags



spray bottles



(Optional) – Isoprophyl alcohol (free of ketones) or methanol



Ziploc-type bags



plastic sheeting

IV.

Cautions

Rinse equipment thoroughly and allow the equipment to dry before re-use or storage
to prevent introducing solvent into sample medium. If manual drying of equipment is
required, use clean lint-free material to wipe the equipment dry.
Store decontaminated equipment in a clean, dry environment. Do not store near
combustion engine exhausts.
If equipment is damaged to the extent that decontamination is uncertain due to
cracks or dents, the equipment should not be used and should be discarded or
submitted for repair prior to use for sample collection.
A proper shipping determination will be performed by a DOT-trained individual for
cleaning materials shipped by ARCADIS.
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V.

Health and Safety Considerations

Review the material safety data sheets (MSDS) for the cleaning materials used in
decontamination. If solvent is used during decontamination, work in a well-ventilated
area and stand upwind while applying solvent to equipment. Apply solvent in a
manner that minimizes potential for exposure to workers. Follow health and safety
procedures outlined in the HASP.
VI.

Procedure

A designated area will be established to clean sampling equipment in the field prior
to sample collection. Equipment cleaning areas will be set up within or adjacent to
the specific work area, but not at a location exposed to combustion engine exhaust.
Detergent solutions will be prepared in clean containers for use in equipment
decontamination.
Cleaning Sampling Equipment
1.

Wash the equipment/pump with potable water.

2.

Wash with detergent solution (Alconox, Liquinox or equivalent) to remove all
visible particulate matter and any residual oils or grease.

3.

If equipment is very dirty, precleaning with a brush and tap water may be
necessary.

4.

(Optional) – Flush with isopropyl alcohol (free of ketones) or with methanol. This
step is optional but should be considered when sampling in highly impacted
media such as non-aqueous phase liquids or if equipment blanks from previous
sampling events showed the potential for cross contamination of organics.

5.

Rinse with distilled/deionized water.

Decontaminating Submersible Pumps
Submersible pumps may be used during well development, groundwater sampling,
or other investigative activities. The pumps will be cleaned and flushed before and
between uses. This cleaning process will consist of an external detergent solution
wash and tap water rinse, a flush of detergent solution through the pump, followed
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by a flush of potable water through the pump. Flushing will be accomplished by
using an appropriate container filled with detergent solution and another contained
filled with potable water. The pump will run long enough to effectively flush the pump
housing and hose (unless new, disposable hose is used). Caution should be
exercised to avoid contact with the pump casing and water in the container while the
pump is running (do not use metal drums or garbage cans) to avoid electric shock.
Disconnect the pump from the power source before handling. The pump and hose
should be placed on or in clean polyethylene sheeting to avoid contact with the
ground surface.
VII.

Waste Management

Equipment decontamination rinsate will be managed in conjunction with all other waste
produced during the field sampling effort. Waste management procedures are
outlined in the work plan or Waste Management Plan (WMP).
VIII.

Data Recording and Management

Equipment cleaning and decontamination will be noted in the field notebook.
Information will include the type of equipment cleaned, the decontamination location
and any deviations from this SOP. Specific factors that should be noted include
solvent used (if any), and source of water.
Any unusual field conditions should be noted if there is potential to impact the
efficiency of the decontamination or subsequent sample collection.
An inventory of the solvents brought on site and used and removed from the site will
be maintained in the files. Records will be maintained for any solvents used in
decontamination, including lot number and expiration date.
Containers with decontamination fluids will be labeled.
IX.

Quality Assurance

Equipment blanks should be collected to verify that the decontamination procedures
are effective in minimizing potential for cross contamination. The equipment blank is
prepared by pouring deionized water over the clean and dry tools and collecting the
deionized water into appropriate sample containers. Equipment blanks should be
analyzed for the same set of parameters that are performed on the field samples
collected with the equipment that was cleaned. Equipment blanks are collected per
equipment set, which represents all of the tools needed to collect a specific sample.
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I.

2

Scope and Application

The objective of this Standard Operating Procedure (SOP) is to describe the
procedures to manage investigation-derived wastes (IDW), both hazardous and nonhazardous, generated during site activities, which may include, but are not limited to drilling, trenching/excavation, construction, demolition, monitoring well sampling, soil
sampling, decontamination and remediation. Please note that this SOP is intended for
materials that have been deemed a solid waste as defined by 40 CFR § 261.2 (which
may includes liquids, solids, and sludges). In some cases, field determinations will be
made based on field screening or previous data that materials are not considered a
solid waste. IDW may include soil, groundwater, drilling fluids, decontamination liquids,
personal protective equipment (PPE), sorbent materials, construction and demolition
debris, and disposable sampling materials that may have come in contact with
potentially impacted materials. IDW will be collected and staged at the point of
generation. Quantities small enough to be containerized in 55-gallon drums will be
taken to a designated temporary storage area (discussed in further detail under Drum
Storage) onsite pending characterization and disposal. Waste materials will be
analyzed for constituents of concern to evaluate proper disposal methods. PPE and
disposable sampling equipment will be placed in DOT-approved drums prior to
disposal and typically does not require laboratory analysis. This SOP describes the
necessary equipment, field procedures, materials, regulatory references, and
documentation procedures necessary for proper handling and storage of IDW up to
the time it is properly disposed. The procedures for handling IDW are based on the
United States Environmental Protection Agency’s Guide to Management of
Investigation Derived Wastes (USEPA, 1992). IDW is assumed to be contaminated
with the site constituents of concern (COCs) until analytical evidence indicates
otherwise. IDW will be managed to ensure the protection of human health and the
environment and will comply with all applicable or relevant and appropriate
requirements (ARAR). The following Laws and Regulations on Hazardous Waste
Management are potential ARAR for this site.
State Laws and Regulations
•

To Be Determined Based on Location of Site and Location of Treatment,
Storage, and/or Disposal Facility (TSDF) to be utilized

Federal Laws and Regulations
•

Resource Conservation and Recovery Act (RCRA) 42 USC § 6901-6987

•

Comprehensive Environmental Response, Compensation and Liability Act
(CERCLA) 42 USC § 9601-9675
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•

Superfund Amendments and Reauthorization Act (SARA)

•

Department of Transportation (DOT) Hazardous Materials Transportation

3

Pending characterization, IDW will be stored appropriately within each area of
contamination (AOC). Under RCRA, “storage” is defined as the holding of hazardous
waste for a temporary period, at the end of which the hazardous waste is treated,
disposed of, or stored elsewhere” (40 CFR § 260.10). The onsite waste staging area
will be in a secure and controlled area. Waste characterization can either be based on
generator knowledge, such as using materials safety data sheets (MSDS’), or can be
based upon analytical results. The laboratory used for waste characterization analysis
must have the appropriate state and federal certifications and be approved by
ARCADIS and Client. IDW will be classified as RCRA hazardous or non-regulated
under RCRA based on the waste characterization.
If IDW is characterized as RCRA hazardous waste, RCRA and DOT requirements
must be followed for packaging, labeling, transporting, storing, and record keeping as
described in 40 CFR § 262 and 49 CFR § 171-178. Wastes judged to potentially meet
the criteria for hazardous wastes shall be stored in DOT approved packaging. Waste
material classified as RCRA non-hazardous may be handled and disposed of as an
industrial waste.
Liquid wastes judged to potentially meet the criteria for hazardous wastes shall be
stored in DOT approved 55 gallon drums or other approved containers that are
compatible with the type of material stored therein. Solid materials deemed to
potentially meet hazardous criteria will be drummed where practicable. Large
quantities of potentially hazardous solid materials must be containerized (such as in a
roll-off box) for up to a maximum of 90 or 180 days as described in the Excavated
Solids Section. Waste material classified as non-hazardous may be handled and
disposed of as an industrial waste and is not subject to the 90-day or 180-day on-site
storage limitation.
This is a standard (i.e., typically applicable) operating procedure which may be varied
or changed as required, dependent upon site conditions, equipment limitations, or
limitations imposed by the procedure. The ultimate procedure employed will be
documented in the project work plans or reports. If changes to the sampling
procedures are required due to unanticipated field conditions, the changes will be
discussed with the Project Manager and Client as soon as practicable and
documented in the report.

g:\sop-library\reformatted sops 2008\general sops\3136199-investigation-derived waste handling and storage.doc

SOP: Investigation-Derived Waste Handling and Storage
Rev. #: 2 | Rev Date: March 6, 2009

II.

4

Personnel Qualifications

ARCADIS field sampling personnel will have current health and safety training
including 40-hour HAZWOPER training, site supervisor training, site-specific training,
first aid, and CPR, as needed. ARCADIS personnel may sign manifests on a case-tocase basis for clients, provided the appropriate agreement is in place between
ARCADIS and the client documenting that ARCADIS is not the generator, but is acting
as authorized representative for the generator. ARCADIS personnel who sign
hazardous waste manifests will have the current DOT hazardous materials
transportation training according to 49 CFR § 172.704. ARCADIS field personnel will
also comply with client-specific training such as LPS. In addition, ARCADIS field
sampling personnel will be versed in the relevant SOPs and posses the required skills
and experience necessary to successfully complete the desired field work.
III.

Equipment List

The following materials, as required, shall be available for IDW handling and storage:
Appropriate personal protective equipment as specified in the Site Health and Safety
Plan
•

55-gallon steel drums, DOT 1A2 or equivalent

•

¾ -inch socket wrench

•

Hammer

•

Leather gloves

•

Drum dolly

•

Appropriate drum labels (outdoor waterproof self adhesive)

•

Polyethylene storage tank

•

Appropriate labeling, packing, chain-of-custody forms, and shipping materials
as specified in the Chain-of-Custody SOP and Field Sampling Handling,
Packing, and Shipping SOP.

•

Indelible ink and/or permanent marking pens

•

Plastic sheeting
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•

Appropriate sample containers, labels, and forms

•

Stainless-steel bucket auger

•

Stainless steel spatula or knife

•

Stainless steel hand spade

•

Stainless steel scoop

•

Digital camera

•

Field logbook.

IV.

5

Cautions
•

Filled drums can be very heavy, always use appropriate moving techniques
and equipment.

•

Similar media will be stored in the same drums to aid in sample analysis and
disposal.

•

Drum lids must be secured to prevent rainwater from entering the drums.

•

Drums containing solid material may not contain any free liquids.

•

Waste containers stored for extended periods of time may be subject to
deterioration. Drum over packs may be used as secondary containment.

•

All drums must be in good condition to prevent potential leakage and facilitate
subsequent disposal. Inspect the drums for dents and rust, and verify the
drum has a secure lid prior to use.

V.

Health and Safety Considerations
•

Appropriate personal protective equipment must be worn by all field personnel
within the designated work area.

•

Air monitoring may be required during certain field activities as required in the
Site Health and Safety Plan.
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VI.

•

If excavating in potentially hazardous areas is possible, contingency plans
should be developed to address the potential for encountering gross
contamination or non-aqueous phase liquids.

•

ARCADIS field personnel will be familiar and compliant with Client-specific
health and safety requirements such as Chevron’s hand safety policy
including the prohibition of fixed and/or folding blade knives.

6

Procedure

Waste storage and handling procedures to be used depend upon the type of
generated waste. For this reason, IDW should be stored in a secure location onsite in
separate 55-gallon storage drums, solids can be stockpiled onsite (if non-hazardous),
and purge water may be stored in polyethylene tanks. Waste materials such as broken
sample bottles or equipment containers and wrappings will be stored in 55-gallon
drums unless they were not in contact with sample media.
Management of IDW
Minimization of IDW should be considered by the Project Manager during all phases of
the project. Site managers may want to consider techniques such as replacing solventbased cleaners with aqueous-based cleaners for decontamination of equipment, reuse
of equipment (where it can be decontaminated), limitation of traffic between exclusion
and support zones, and drilling methods and sampling techniques that generate little
waste. Alternative drilling and subsurface sampling methods may include the use of
small diameter boreholes, as well as borehole testing methods such as a core
penetrometer or direct push technique instead of coring (EPA, 1993).
Drum Storage
Drums containing hazardous waste shall be stored in accordance with the
requirements of 40 CFR 265 Subpart I (for containers) and 265 Subpart DD (for
containment buildings). All 55-gallon drums will be stored at a secure, centralized onsite location that is readily accessible for vehicular pick-up. Drums confirmed as, or
believed to contain hazardous waste will be stored over an impervious surface
provided with secondary containment. The storage location will, for drums containing
liquid, have a containment system that can contain at least the larger of 10% of the
aggregate volume of staged materials or 100% of the volume of the largest container.
Drums will be closed during storage and be in good condition in accordance with the
Guide to Management of Investigation-Derived Wastes (USEPA, 1992).
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Hazardous Waste Determination
Waste material must be characterized to determine if it meets any of the federal
definitions of hazardous waste as required by 40 CFR § 262.11. If the waste does not
meet any of the federal definitions, it must then be established if any state-specific
hazardous waste criteria exist/apply.
Generator Status
Once hazardous waste determination has been made, the generator status will be
determined. Large quantity generators (LQG) are generators who generate more than
1,000 kilograms of hazardous waste in a calendar month. Small quantity generators
(SQG) of hazardous waste are generators who generate greater than 100 kilograms
but less than 1,000 kilograms of hazardous waste in a calendar month. Conditionally
exempt small quantity generators (CESQG) are generators who generate less than
100 kilograms of hazardous waste per month. Please note that a generator status may
change from month to month and that a notice of this change is usually required by the
generator’s state agency.
Accumulation Time for Hazardous Waste
A LQG may accumulate hazardous waste on site for 90 days or less without a permit
and without having interim status provided that such accumulation is in compliance
with specifications in 40 CFR § 262.34. A SQG may accumulate hazardous waste on
site for 180 days or less without a permit or without having interim status subject to the
requirements of 40 CFR § 262.34(d). CESQG requirements are found in 40 CFR §
261.5. NOTE: The CESQG and SQG provisions of 40 CFR § 261.5, 262.20(e),
262.42(b) and 262.44 may not be recognized by some states (e.g. Rhode Island).
State-specific regulations must be reviewed and understood prior to the
generation of hazardous waste.
Satellite Accumulation of Hazardous Waste
Satellite accumulation (SAA) shall mean the accumulation of as much as fifty-five (55)
gallons of hazardous waste, or the accumulation of as much as one quart of acutely
hazardous waste, in containers at or near any point of generation where the waste
initially accumulates, which is under the control of the operator of the process
generating the waste, without a permit or interim status and without complying with the
requirements of 40 CFR § 262.34(a) and without any storage time limit, provided that
the generator complies with 40 CFR § 262.34(c)(1)(i).
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Once more than 55 gallons of hazardous waste accumulates in SAA, the generator
has three days to move this waste into storage.
Storage recommendations for hazardous waste include:
•

Ignitable Hazardous wastes must be >50 feet from the property line per 40
CFR § 265.176 (LQG generators only).

•

Hazardous waste must be stored on a concrete slab (asphalt is acceptable if
there are no free liquids in the waste) per 40 CFR § 265.176.

•

Drainage must be directed away from the accumulation area.

•

Area must be properly vented.

•

Area must be secure.

Drum/Container Labeling
Drums will be labeled on both the side and lid of the drum using a permanent marking
pen. Old drum labels must be removed to the extent possible, descriptions crossed out
should any information remain, and new labels affixed on top of the old labels. Other
containers used to store various types of waste (polyethylene tanks, roll-off boxes,
end-dump trailers, etc.) will be labeled with an appropriate "Waste Container" or
“Testing in Progress” label pending characterization. Drums and containers will be
labeled as follows:
•

Appropriate waste characterization label (Testing In Progress, Hazardous, or
Non-Hazardous)

•

Waste generator's name (e.g., client name)

•

Project name

•

Name and telephone number of ARCADIS project manager

•

Composition of contents (e.g., used oil, acetone 40%, toluene 60%)

•

Media (e.g., solid, liquid)

•

Accumulation start date
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Drum number of total drums as reconciled with the Drum Inventory maintained
in the field log book.

IDW containers will remain closed except when adding or removing waste.
Immediately upon beginning to place waste into the drum/container, a “Waste
Container” or “Testing in Progress” label will be filled out to include the information
specified above, and affixed to the container. Once the contents of the container are
identified as either non-hazardous or hazardous, the following additional labels will be
applied. Containers with waste determined to be non-hazardous will be labeled with a
green and white "Non-Hazardous Waste" label over the "Waste Container" label.
Containers with waste determined to be hazardous will be stored in an onsite storage
area and will be labeled with the "Hazardous Waste" label and affixed over the "Waste
Container" label. The ACCUMULATION DATE for the hazardous waste is the date the
waste is first placed in the container and is the same date as the date on the "Waste
Container" label. DOT hazardous class labels must be applied to all hazardous waste
containers for shipment offsite to an approved disposal or recycling facility. In addition
a DOT proper shipping name shall be included on the hazardous waste label. The
transporter should be equipped with the appropriate DOT placards. However,
placarding or offering placards to the initial transporter is the responsibility of the
generator per 40 CFR § 262.33.
Inspections and Documentation
All IDW will be documented as generated on a Drum Inventory Log maintained in the
field log book. The Drum Inventory will record the generation date, type, quantity,
matrix and origin (e.g. Boring-1, Test Pit 3, etc) of materials in every drum, as well as a
unique identification number for each drum. The drum inventory will be used during
drum pickup to assist with labeling of drums. The drum storage area and any other
areas of temporarily staged waste, such as soil/debris piles, will be inspected weekly.
The weekly inspections will be recorded in the field notebook or on a Weekly
Inspection Log. Digital photographs will be taken upon the initial generation and
drumming/staging of waste, and final labeling after characterization to document
compliance with labeling and storage protocols, and condition of the container.
Evidence of damage, tampering or other discrepancy should be documented
photographically.
Emergency Response and Notifications
Specific procedures for responding to site emergencies will be detailed in the HASP. If
the generator is designated as a LQG, a Contingency Plan will need to be prepared to
include emergency response and notification procedures per 40 CFR § 265 Subpart
D. In the event of a fire, explosion, or other release which could threaten human health
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outside of the site or when Client or ARCADIS has knowledge of a spill that has
reached surface water, Client or ARCADIS must immediately notify the National
Response Center (800-424-8802) in accordance with 40 CFR § 262.34. Other
notifications to state agencies may also be necessary.
Drilling Soil Cuttings and Muds
Soil cuttings are solid to semi-solid soils generated during trenching activities,
subsurface soil sampling, or installation of monitoring wells. Depending on the drilling
method, drilling fluids known as "muds" may be used to remove soil cuttings. Drilling
fluids flushed from the borehole must be directed into a settling section of a mud pit.
This allows reuse of the decanted fluids after removal of the settled sediments. Soil
cuttings will be labeled and stored in 55-gallon drums with bolt-sealed lids.
Excavated Solids
Excavated solids may include, but are not limited to soil, fill and construction and
demolition debris. Excavated solids may be temporarily stockpiled onsite as long as
the material is a RCRA non-hazardous waste and the solids will be treated onsite
pursuant to a certified, authorized, or permitted treatment method, or properly
disposed off-site. Stockpiled materials characterized as hazardous must be
immediately containerized and removed from the site within 90 days of generation
(except for soils using satellite accumulation). Excavated solids should be stockpiled
and maintained in a secure area onsite. At a minimum, the floor of the stockpile area
will be covered with a 20-mil high density polyethylene liner that is supported by a
foundation or at least a 60-mil high density polyethylene liner that is not supported by a
foundation. The excavated material will not contain free liquids. The owner/operator
will provide controls for windblown dispersion, run-on control, and precipitation runoff.
The run-on control system will prevent flow onto the active portion of the pile during
peak discharge from at least a 25-year storm and the run-off management system will
collect and control at least the water volume resulting from a 24-hour, 25-year storm
(EPA, 1992). Additionally, the stockpile area will be inspected on a weekly basis and
after storm events. Individual states may require that the stockpile be
inspected/certified by a licensed professional engineer. Stockpiled material will be
covered with a 6-mil polyvinyl chloride (PVC) liner. The stockpile cover will be secured
in place with appropriate material (concrete blocks, weights, etc.) to prevent the
movement of the cover. Excavated solids may also be placed in roll off containers and
covered with a 6-mil PVC liner pending results for waste characterization.
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Decontamination Solutions
Decontamination solutions are generated during the decontamination of personal
protective equipment and sampling equipment. Decontamination solutions may range
from detergents, organic solvents and acids used to decontaminate small field
sampling equipment to steam cleaning rinsate used to wash heavy field equipment.
These solutions are to be labeled and stored in 55-gallon drums with bolt-sealed lids.
Disposable Equipment
Disposable equipment includes personal protective equipment (tyvek coveralls,
gloves, booties and APR cartridges) and disposable sampling equipment such as
trowels or disposable bailers. If the media sampled exhibits hazardous characteristics
per results of waste characterization sampling, disposable equipment will also be
disposed of as a hazardous waste. These materials will be stored onsite in labeled 55gallon drums pending analytical results for waste characterization.
Purge Water
Purge water includes groundwater generated during well development, groundwater
sampling, or aquifer testing. The volume of groundwater generated will dictate the
appropriate storage procedure. Monitoring well development and groundwater
sampling may generate three well volumes of groundwater or more. This volume will
be stored in labeled 55-gallon drums. Aquifer tests may generate significantly greater
volumes of groundwater depending on the well yield and the duration of the test.
Therefore, large-volume portable polyethylene tanks will be considered for temporary
storage pending groundwater-waste characterization.
Purged Water Storage Tank Decontamination and Removal
The following procedures will be used for inspection, cleaning, and offsite removal of
storage tanks used for temporary storage of purge water. These procedures are
intended to be used for rented portable tanks such as Baker Tanks or Rain for Rent
containers. Storage tanks will be made of inert polyethylene materials.
The major steps for preparing a rented tank for return to a vendor include
characterizing the purge water, disposing of the purge water, decontaminating the
tank, final tank inspection, and mobilization. Decontamination and inspection
procedures are describe in further detail below.
•

Tank Cleaning: Most vendors require that tanks be free of any sediment and
water before returning, a professional cleaning service may be required. Each
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specific vendor should be consulted concerning specific requirements for
returning tanks.
•

VII.

Tank Inspection: After emptying the tank, purged water storage tanks should
be inspected for debris, chemical staining, and physical damage. The vendors
require that tanks be returned in the original condition (i.e., free of sediment,
staining and no physical damage).
Waste Characterization Sampling and Shipping

Soil/Solids Characterization
Waste characterization will be conducted in accordance with waste hauler, waste
handling facility, and state/federal requirements. In general, RCRA hazardous wastes
are those solid wastes determined by a Toxicity Characteristic Leaching Procedure
(TCLP) test or to contain levels of certain toxic metals, pesticides, or other organic
chemicals above specific federally regulated thresholds. If the one or more of 40 toxic
compounds listed in Table I of 40 CFR § 261.24 are detected in the sample at levels
above the maximum unregulated concentrations, the waste must be characterized as
a toxic hazardous waste. Wastes can also be considered “listed” hazardous waste
depending on site-specific processes.
Composite soil samples will be collected at a frequency of one sample per 10 cubic
yard basis for stockpiled soil or one per 55-gallon drum for containerized. A four point
composite sample will be collected per 10 cubic yards of stockpiled material and for
each drum. Sample and composite frequencies may be adjusted in accordance with
the waste handling facility’s requirements. Waste characterization samples may be
analyzed for the TCLP volatile organic compounds (VOCs), TCLP semi-volatile
organic compounds (SVOCs), TCLP RCRA metals, and polychlorinated biphenyls, as
well as corrosivity (pH), reactivity and flammability (flashpoint). Additional samples may
be collected and analyzed by the laboratory on a contingency basis.
Wastewater Characterization
Waste characterization will be conducted in accordance with the requirements of the
waste hauler, waste handling facility, and state/federal governments. In general, purge
water should be analyzed by methods appropriate for the known contaminants, if any,
that have been historically detected in the monitoring wells. Samples will be collected
and analyzed in accordance with the requirements of the waste disposal facility.
Wastewater characterization samples may be analyzed for TCLP volatile organic
compounds (VOCs), TCLP semi-volatile organic compounds (SVOCs), TCLP RCRA
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metals, and polychlorinated biphenyls, as well as corrosivity (pH), reactivity and
flammability (flashpoint). Additional samples may be collected and analyzed by the
laboratory on a contingency basis.
Sample Handling and Shipping
All samples will be appropriately labeled, packed, and shipped, and the chain-ofcustody will be filled out in accordance with the Chain-of-Custody SOP and Field
Sampling Handling, Packing, and Shipping SOP and Hazardous Materials Packaging
and Shipping SOP.
It should be noted that additional training is required for packaging and shipping of
hazardous and/or dangerous materials. Please reference the following ARCADIS
intranet team page for more information: http://team/sites/hazmat/default.aspx.
Preparing Waste Shipment Documentation (Hazardous and Non-Hazardous)
Waste profiles will be prepared by the ARCADIS PM and forwarded, along with
laboratory analytical data to the Client PM for approval/signature. The Client PM will
then return the profile to ARCADIS who will then forward to the waste removal
contractor for preparation of a manifest. The manifest will be reviewed by ARCADIS
prior to forwarding to the Client PM for approval. Upon approval of the manifest, the
Client PM will return the original signed manifest directly to the waste contractor or to
the ARCADIS PM for forwarding to the waste contractor.
Final drum labeling and pickup will be supervised by an ARCADIS representative who
is experienced with waste labeling procedures. The ARCADIS representative will have
a copy of the drum inventory maintained in the field book and will reconcile the drum
inventory with the profile numbers on the labels and on the manifest. Different profile
numbers will be generated for different matrices or materials in the drums. For
example, the profile number for drill cuttings will be different than the profile number for
purge water. When there are multiple profiles it is critical that the proper label,
with the profile number appropriate to a specific material be affixed to the
proper drums. A copy of the ARCADIS drum inventory will be provided to the waste
transporter during drum pickup and to the facility receiving the waste.
VIII.

Data Recording and Management

Waste characterization sample handling, packing, and shipping procedures will be
documented in accordance with the Quality Assurance Project Plan, if one exists.
Copies of the chains-of-custody forms will be maintained in the project file.
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Following waste characterization, IDW containers will be re-labeled with the
appropriate waste hazardous or non-hazardous waste labels and the client will initiate
disposal at the appropriate waste disposal facility.
IX.

Quality Assurance

The chain-of-custody and sample labels for waste characterization samples will be
filled out in accordance with the Quality Assurance Project Plan.
X.
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